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An accurate molecular diagnosis for viral pathogens
is highly dependent on pre-analytical procedures.
The efficiencies of two viral RNA extraction methods
(liquid phase partition and silica-based adsorption
chromatography) and the effects of handling and
storage on the stability of RNA isolated from dengue
virus (DENV) were studied. Viral RNA extracted from
spiked sera or clinical samples characterized with
DENV infection were quantified by TaqMan real-time
PCR. The presence of high serum proteins severely
affected the recovery of DENV RNA by the liquid phase
partition, but not the silica-based method. The recov-
ery with Trizol liquid phase partition method was
significantly improved by a concomitant addition of a
co-precipitant and the reduction of sera proteins, re-
sulting in recoveries similar to that of the silica-based
methods. Repeated freeze-thaw cycles did not affect
the recovery of viral RNA. While intact DENV was
found to be stable in serum for up to 2 hour at 25°C,
recovery of viral RNA from sera stored in the lysis/
binding buffer was stable for up to 5 days. These data
indicate that the choice of viral RNA extraction meth-
ods, the conditions for handling, and storing of clin-
ical sera critically affect the quantification of viral
nucleic acid from clinical samples. This will impact
the accuracy and reproducibility of DENV diagnosis
by PCR-based assays. (J Mol Diagn 2009, 11:537–542; DOI:
10.2353/jmoldx.2009.080164)

Dengue virus (DENV) has emerged as an important
vector-borne viral disease,1 usually afflicting rural areas
of endemic countries and posing tremendous health
problems in these regions.2 Hence, to prevent and con-
trol the progression of dengue disease, the World Health

Organization has recommended the augmentation of ac-
tive and accurate laboratory-based surveillance for early
reporting of dengue virus infections to the public health
authorities.3

Pre-analytical variables, including the storage and
transport of patient samples, the stability of viral RNA in
the samples and methods of isolating viral RNA of high
yield and quality, have major impacts on the develop-
ment and performance of any successful molecular di-
agnostics.4,5 Hence, the technical challenges associated
with these pre-analytical issues must first be identified
and optimized. Various commercially available viral RNA
extraction methods are currently in use for clinical diag-
nostics of viral diseases. These extraction kits are gener-
ally based on two methods—liquid phase partition (eg,
TRIzol LS) and silica-based nucleic acid adsorption chro-
matography (eg, High Pure Viral RNA and QIAamp Viral
RNA kits). The recoveries of viral RNA by these two
methods differ substantially with different viruses,6–12

thus making the choice of any particular method for the
isolation of viral RNA uncertain. While there were several
studies on the isolation and stability of other viruses, few
reports have focused on the systematic evaluation of the
stability and recovery of DENV RNA from sera.13–15 This
study examined the contributions of various pre-analyti-
cal variables to the sensitivity of DENV RNA detection in
serum. Using reverse transcription quantitative real-time
PCR (RT-qPCR), critical pre-analytical variables, includ-
ing the performances of commercially available liquid
phase partition and silica-based viral RNA extraction
methods and the effects of storage, handling and freeze/
thaw on the stability of the DENV RNA in serum were
investigated.
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Materials and Methods

Virus, Cell Lines, and Clinical Samples

DENV-1 (strain Singapore 8114/93), DENV-2 (strain
NGC), DENV-3 (strain Singapore 8120/95), and DENV-4
(strain Singapore 8976/95) were propagated in C6/36
mosquito cells, and titered in BHK-21 cells as de-
scribed.16 Except for DENV-2 all other dengue virus were
obtained from the Singapore General Hospital, Singa-
pore. All cell lines used in the study were obtained from
the American Type Culture Collection (ATCC, VA). The
clinical serum samples used in this study were obtained
from de-identified confirmed dengue cases during a den-
gue outbreak in Malaysia, 2005.17 In brief, confirmed den-
gue cases were identified both serologically by IgM-cap-
ture enzyme-linked immunosorbent assay (Panbio,
Australia), and by virus isolation and subsequent molec-
ular detection of DENV genome by reverse transcription-
PCR,18 using the acute serum samples. The acute serum
samples were stored at �80°C until use. Only serum
specimens from patients with laboratory-confirmed
dengue infection were used in this study. Normal hu-
man serum from clotted human whole blood (H1388)
and human serum albumin (hSA, A9511) were ob-
tained from Sigma- Aldrich (St. Louis, MO). All studies
were approved by the National University of Singapore
Institutional Review Board.

Viral RNA Extraction

RNA extraction and stability studies were performed with
both DENV-2 and DENV-3. Viral RNA was extracted with
TRIzol LS (Invitrogen, CA) in the presence or absence of
linear acrylamide (20 �g/ml, Ambion, Tx) as a co-precip-
itant,19 High Pure Viral RNA Isolation Kit (Roche Applied
Sciences, Germany) or QIAamp Viral RNA Kit (Qiagen,
Germany). Briefly, physiologically relevant titrated con-
centrations of DENV virions (1 � 104 plaque forming units
[PFUs]/ml) or genomic RNA (105 to 107 copies/ml)20 were
added to commercially available normal human sera or
PBS that were premixed with the lysis/binding buffer to
prevent viral RNA degradation before extraction. All
extractions were performed according to the respec-
tive manufacturer’s protocols. As controls for total viral
RNA, the same amounts of DENV were directly lysed in
the presence of RNasin Ribonuclease Inhibitor (Pro-
mega, WI) by heating at 95°C for 5 minutes before
RT-qPCR.

For the study on RNA stability in human serum,
DENV-2 genomic RNA or virions were spiked into human
serum and incubated at 25°C. For studies on the stability
of viral RNA in the lysis/binding buffer, DENV-spiked
normal human sera were added to the Roche High Pure
Viral RNA isolation lysis/binding buffer and kept at 25°C.
For freeze-thaw studies, normal human sera spiked with
DENV or patient sera were frozen at �70°C, thawed in a
temperature-controlled water bath at 25°C, and the
freeze-thaw cycles repeated. The recovery of viral RNA
extraction was calculated using the formula 10��Ct/�,
where �Ct � Ct (recovered RNA) � Ct (control RNA) and
� is the amplification efficiency. The efficiency of extrac-
tion of variable-sized single-stranded RNA using the
silica-based extraction method was evaluated using the
Experion Automated Electrophoresis System (BioRad,
CA) according to manufacturer’s instructions.

Real-Time PCR (TaqMan) Assays

Serotype-specific DENV-2 and DENV-3 primers and flu-
orogenic probes were designed using the Beacon De-
signer version 2.0.1 (PREMIER Biosoft International, CA)
and Vector NTI version 8.0 (Invitrogen, CA) softwares.
The serotype specificities of primers were evaluated by
comparisons of available published sequences of the
complete genome of each DENV-2 and DENV-3, followed
by comparisons of specific regions using a combination
of pan-DENV alignment analyses and BLAST searches.
The DENV-2 probe was labeled at the 5� end with the
HEX reporter dye and at the 3� end with black hole
quencher 1 (BHQ-1); the DENV-3 probe was labeled with
Texas Red and BHQ-2 (Table 1). The performances of
the primer-probe sets were determined using in vitro tran-
scribed genomic viral RNA. In both DENV-2 and DENV-3
assays, the dynamic ranges of detection were greater
than 106 fold, with detection limits of 50 copies/reaction.
The serotype specificity of the each assay was greater
than 106-fold over the detection of the other heterologous
DENV serotypes.

RT-qPCR

RT-qPCR was performed with the one-step TaqMan RNA
Amplification kit (Roche Molecular Systems, NJ) using
2.0 mmol/L Mn2�, 1 �mol/L of each primer and 0.2
�mol/L TaqMan probe, on the Bio-Rad iQ4 Multicolor
Real-Time iCycler (Bio-Rad Laboratories, CA) with the

Table 1. TaqMan Real-Time PCR Primers and Probes

Primers/Probes* Nucleotide sequence Genome position† Virus

8800F 5�-GCCATATTCACTGATGAGAACA-3� 8800–8821 DENV-2
8868R 5�-CCTTTCCTTGTCAACCAGC-3� 8868–8886
8836P 5�-AACCTACTATCTTCAACAGCCTCACG-3� 8861–8836
1403F 5�-GGAGTCACGG(C/T)TGAGATAAC-3� 1403–1422 DENV-3
1495R 5�-AATCATTTCATTGAAATCCAAACCT-3� 1495–1519
1472P 5�-CCGTGGTGAGCATTCTAGCCC-3� 1472–1492

*The sense and antisense primers are denoted with suffixes ‘F’ and ‘R’ respectively. The TaqMan probes are denoted with the suffix ‘P’.
†Genome position defined according to Genbank accession numbers M29095 (DENV-2) and AY766104 (DENV-3).
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following conditions: 5 minutes AmpErase step at 50°C, 1
minute denaturation at 95°C and 30 minutes reverse tran-
scription at 60°C, followed by 40 cycles of 20 seconds
denaturation at 95°C, 20 seconds annealing at 60°C, and
20 seconds extension at 72°C. Viral RNA copy numbers
were interpolated from standard curves generated us-
ing in vitro transcribed DENV-2 or DENV-3 genomic
RNA using the MEGAscript Transcription kit (Ambion,
Tx) according to the manufacturer’s instructions. The
sequences of the primers and probes used for the
DENV-2 and DENV-3 TaqMan assays are shown in
Table 1. All experiments were done in quadruplicates
and assayed in duplicates. All studies were performed
by two independent operators and the cumulative re-
sults were analyzed. All statistical analyses were per-
formed using the GraphPad Prism 4.0 software (Graph-
Pad Prism Software Inc., CA).

Assay Precision

The intra-assay imprecision was performed to determine
the “within-run” and “total” standard deviations,21 and
was calculated from the Ct values of 12 replicate samples
with low (104 copies/50 �l reaction volume) and high (106

copies/50 �l reaction volume) concentrations of DENV-2
viral RNA. Interassay imprecision was similarly calculated
from the Ct values collected over a period of 3 consecu-
tive days with the same lot of reagents. The intra-assay
values of Ct � SD (CV) were determined to be 29.47 �
0.55 (1.11%) and 22.92 � 0.25 (1.88%) for the low and
high concentrations of the viral RNA respectively. Simi-
larly, the interassay values of Ct � SD (CV) were deter-
mined to be 29.35 � 0.1513 (0.52%) and 22.74 � 0.2095
(0.92%) for low and high concentrations of the viral RNA
respectively. The DENV-2 and DENV-3 TaqMan assays
showed similar performances.

Results

DENV RNA Extraction by Liquid Phase Partition
and Silica-Based Adsorption Methods

The extractions of RNA from sera containing different
amount of viral genomic RNA or titers of DENV with TRIzol
LS, in the absence of linear acrylamide, were found to be
inefficient (	1% of control RNA) when compared with the
recoveries from virus-spiked PBS samples (11% to 16%
of control RNA) (Figure 1A). The inclusion of linear acryl-
amide into the sera however significantly improved the
recoveries of viral RNA (Figure 1B). To test the hypothesis
that serum proteins contribute to the poor recovery of
RNA, DENV, or viral genomic RNA were spiked into vary-
ing dilutions of serum or different amounts of hSA, and
the extractions were performed using TRIzol LS with lin-
ear acrylamide. The results indicated an inverse linear
relationship between the recoveries of RNA and the in-
crease in sera protein concentration for both DENV (r2 �
0.993 and 0.963 for sera and hSA respectively; Figure
1C) and viral genomic RNA (r2 � 0.990). Consistent with
previous reports, the PFUs were significantly lower than
RNA copy numbers.22,23

We next explored the use of silica filter-based adsorp-
tion of nucleic acids for the extraction of viral RNA from
biological fluids. The recoveries of RNA from DENV and
viral genomic RNA samples were comparable between
the two silica-based kits assessed, and were efficient as
compared with the controls (Figure 2, A and B). Remark-
ably, the silica-based method did not show preferential
binding for higher molecular mass RNA and was also
efficient in recovering small RNAs (0.28 kb) (Figure 3,
A–C). The recovery of RNA from serum was however
found to be statistically lower (Figure 3D) as compared
with extraction from PBS, consistent with the results on

Figure 1. Recovery of DENV viral RNA from PBS or human sera samples using the liquid phase partition method. Different amounts of DENV-2 (100, 10 or 1
PFU/ml) or viral genomic RNA (106, 105, or 104 copies/ml) were added to either PBS (hatched bars) or human serum (open bars) and extracted using TRIzol LS
in the absence (A) or presence (B) of 20 �g/ml linear acrylamide carrier. The asterisks denote statistical significance (Tukey’s test, *P 	 0.01, **P 	 0.005) in
the amount of viral RNA recovered compared with the control RNA. C: Viral RNA was isolated from either virus (DENV-2, 104 PFU/ml) or DENV-2 genomic RNA
(106 copies/ml) using TRIzol LS reagent with the linear acrylamide additive, in the presence of varying dilutions of normal human serum (50 mg/ml total protein)
or human serum albumin (hSA). The asterisks denote statistical significance (paired Student’s t-test, *P	 0.01) in the amount of viral RNA recovered from samples
with high protein content (50 mg/ml) as compared with the control RNA. The isolated viral RNA was assayed using the Roche TaqMan RNA amplification kit in
parallel with the genomic viral RNA standards. The control reference is the amount of viral RNA obtained from the direct lysis method. The experiments were
performed in quadruplicates and assayed in duplicates. The data are expressed as mean � SEM.
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the effects of sera proteins (Figures 1C and 2B). The
extraction studies described above were also performed
with DENV-3, and similar results were obtained (data not
shown). As PCR may be inhibited by chemicals co-puri-
fied during extractions, control studies using exogenous
transcripts in the presence of serum or PBS were per-
formed. RT-qPCR of green fluorescent protein RNA (106,
105, and 104 copies/ml) were not affected by the eluates
produced from the various extraction procedures and
reagents used (data not shown).

Clinical Application

A comparison of the liquid phase partition and silica-
based method was next performed on thirteen retrospec-
tive DENV-3-infected patient sera, and the viral RNA iso-
lated using either TRIzol LS with linear acrylamide or High
Pure Viral RNA kit. In the presence of serum, the recovery
of the DENV RNA by TRIzol LS was consistently lower
and more variable as compared with the silica-based
method (Figure 4A; two-tail t-test; P � 0.005 for all patient
sera). While the recovery of DENV RNA using the silica-
based method was similar with or without the dilution of
patient sera with PBS (Figure 4, A and B; two-tail t-test,
P 
 0.05 for all patients), there were significant improve-
ments in the recovery of viral RNA from the PBS-diluted
patient sera using TRIzol LS (Figure 4, A and B; two-tail
t-test, P 	 0.001 for all sera tested).

Handling and Storage of DENV Sera Samples

The existence of cell-free circulating cellular and viral
RNA in the plasma and serum has been reported.24–26

The stability of free DENV RNA in sera was found to be
exceedingly poor at 25°C, with extensive loss of detect-
able RNA (Figure 5A). However, the DENV-2 virus was
relatively more stable in serum at 25°C over a longer
period of time. To simplify sample handling, while main-
taining and prolonging viral RNA integrity before extrac-
tion, the feasibility of using the same lysis/binding buffer
of the extraction kit, which contain chaotropes,27 to store
DENV-containing samples was examined. Viral RNA iso-
lated from DENV-infected sera that was kept in the lysis/
binding buffer was found to be stable for at least 5 days
at 25°C (Figure 5B; Tukey’s test, P 
 0.05). Additionally,
since it is common for patient sera to undergo cycles of
freeze-thaw in retrospective studies, the effects of re-
peated freeze-thaw cycles on DENV RNA recovery and
integrity were also examined. Unexpectedly, the amount
of intact DENV RNA was not affected with repeated
freeze-thaw cycles (Figure 5C; 1-way analysis of vari-
ance, P � 0.84).

Discussion

The aim of this study was to gain better insights into the
performances of two widely used RNA extraction meth-

Figure 2. Recovery of DENV-2 viral RNA from
PBS or human sera samples using various silica-
based extraction methods. PBS (hatched bars) or
human sera (open bars) were spiked with relevant
titrated amounts of DENV-2 genomic RNA or virus,
and the viral RNA isolated using silica-based meth-
ods of a QIAamp Viral RNA Kit (A) and a High
Pure Viral RNA Isolation Kit (B). The control ref-
erence is the amount of viral RNA obtained from
the direct lysis method. The experiments were per-
formed in quadruplicates and assayed in dupli-
cates. The data are expressed as mean � SEM. The
asterisks denote statistical significance (Tukey’s
test, *P 	 0.01, **P 	 0.005) in the amount of viral
RNA recovered compared with the control RNA.

Figure 3. Quantification of single-stranded RNA using microfluidics. Known amounts of RNA standards were added into PBS (A) or human serum (B), which
were premixed with the binding buffe, and isolated using the Roche High Pure Viral RNA isolation kit. The recovered RNAs were then analyzed using the Experion
Automated Electrophoresis System, with the unextracted RNA standards acting as controls (C). Three representative electrochromatograms are shown and the
amount of RNA recovered for each molecular size was calculated using Experion software version 1.1. The numbers shown in the electrochromatograms represent
relative fluorescence units calculated from the area under the peaks. D: Analysis of the composite recoveries of the various molecular-sized RNA from the
experiments described above. All experiments were performed in quadruplicates and assayed in duplicates. The data are expressed as mean � SEM. The asterisks
denote statistical significance (Tukey’s test, *P 	 0.01) in the amount of viral RNA recovered compared with the control RNA.
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ods in virological and diagnostics laboratories, and to
determine the optimal conditions for sample handling so
as to minimize the loss of DENV viral RNA integrity.

The liquid phase partition-based extraction is ac-
cepted for routine extraction of clinical samples with var-
ious viral diseases28–30 and has been recommended for
the detection of HIV, hepatitis C virus and hepatitis GB
virus-C/hepatitis G, where maximum sensitivity was
needed.7,10 However, the results from the present study
indicated that the recoveries of DENV RNA from sera

were poor with TRIzol LS, consistent with some re-
ports.9,13,31 This could be significantly improved by the
use of linear acrylamide as a co-precipitant and the re-
duction of serum protein. Similarly, enhancements in the
recoveries of viral RNA were apparent when diluted
DENV-infected patient sera were used.

The improved performances of silica-based RNA ex-
traction methods in the presence of sera were likely to be
due to the reduced interference of sera proteins, which is
predominantly serum albumin. Contrary to the observa-
tion that silica preferentially bind high molecular weight
RNA,19 which may exclude their use for the isolation of
small size RNA resulting from alternative viral transcrip-
tion, discontinuous extension of subgenomic viral RNA or
partial degradation,32,33 we found that small single-
stranded RNA did bind efficiently, with no preferential
binding of higher molecular mass RNA. These data there-
fore implied that both the silica-based and liquid-phase
partition methods (TRIZOL Reagent product insert: In-
vitrogen, Carlsbad, CA) can effectively recover various
genomic or subgenomic viral RNAs of a wide range of
sizes.

The suggested protocol for the storage of DENV-in-
fected patient sera recommended by the World Health
Organization-SEARO is at �70°C without thawing.3 Re-
peated freeze-thaw cycles have been shown to affect the
integrity of cell-free RNA25 and viral RNA significantly.34

Unexpectedly, the recovery of DENV RNA was found not
to be affected by repeated freeze-thawing of virus in
serum. This is likely to be due to the protective effects of
serum protein on the stability of viral particles, similar to
that reported previously for another member of the Flavi-
viridae family, Hepatitis C virus.35 However, unlike Hepa-
titis C virus, which showed a statistically significant in-
crease in RNA recovered with progressive freeze-thaw
cycle, no significant changes were observed for the re-
covery of DENV RNA. The present study also showed that
chaotrope-containing lysis/binding buffer could be used
to store and maintain viral RNA integrity for at least 5
days.

In conclusion, it is recommended that for DENV RNA
isolation using liquid phase partition methods, it is neces-
sary to include co-precipitant and to reduce serum protein
before phase partition. However, while diluting sera in PBS

Figure 4. Comparison of Trizol LS and High Pure Viral RNA isolation kits in
the isolation of viral RNA from DENV-3 infected patient sera. A volume of 50
�l of serum samples from dengue-infected patients were re-suspended in 150
�l of human serum (A) or PBS (B), and the viral RNA isolated using either
TRIzol LS in the presence of linear acrylamide, or the High Pure Viral RNA
isolation kit. The viral RNA was then quantified using the DENV-3 TaqMan
real-time PCR assay in parallel with in vitro transcribed RNA standards. All
experiments were done in quadruplicate and assayed in duplicate. The data
are expressed as mean � SEM. The asterisks denote statistical significance
(paired Student’s t-test, *P 	 0.01; **P 	 0.005).

Figure 5. Sample handling and viral RNA stability. A: DENV-2 virus (104 PFU/ml) or genomic DENV-2 RNA (107 copies/ml) was added to human serum and
incubated at 25°C for 0, 15, 30, 60, 180, and 360 minutes. B: DENV-2 virus (104 PFU/ml) in serum was added to the binding buffer (Roche High Pure RNA Isolation
Kit) and kept for 1, 3, 5, and 7 days at 25°C. C: DENV-2-spiked sera (104 PFU/ml) or DENV-3 positive patient sera (titer range of 105 to 106 copies/ml) were frozen
at �70°C and thawed at 25°C. The freeze-thaw cycle was repeated for up to 5 times. The viral RNA was isolated by the High Pure viral RNA kit and quantified
using the DENV-2 and DENV-3 TaqMan real-time PCR assay, together with the in vitro transcribed and genomic RNA standards. The percentage recovery was
normalized to the non-incubated samples. All experiments were done in quadruplicate and assayed in duplicate. The asterisks denote statistically significant
differences (Tukey’s test, P 	 0.01). The data are expressed as mean � SEM.
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may help in the recovery of viral RNA, the sensitivity of the
assay at low viral levels may be affected. A distinct advan-
tage of using silica-based adsorption method is that it is
easily automated using robotics.36 For cost efficiency and
convenience while maintaining optimal viral RNA integrity,
sera can be stored in the lysis/binding buffer and trans-
ported at room temperature to the diagnostics laboratories
for extraction using silica-based adsorption methods, with-
out the need for cold-chain storage.
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