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FIG. 1. Agarose gel analysis of the DNA product from RT-PCR of RNA samples isolated from dengue viruses and related flaviviruses. (A)
After amplification with consensus primers Dl and D2. (B) After second-round amplification with type-specific primers TS1, TS2, TS3, and
TS4. Molecular weight (MW) markers are shown on the left; DNA sizes are given in base pairs. Lanes show amplification of RNA from the
following viruses: JE, Japanese encephalitis; SL, St. Louis encephalitis; WN, West Nile; YF, yellow fever; EH, Edge Hill; N, western equine
encephalitis (negative control); Dl, dengue type 1; D2, dengue type 2; D3, dengue type 3; and D4, dengue type 4.

hybridized with each of the four dengue virus type-specific
probes labeled with DIG-UTP; initially 32P-labeled probes
were used, but these were later replaced with DIG-UTP
probes of equal sensitivity. Using purified RNA as a stan-
dard, we consistently attained a sensitivity level of between
1,000 and 100,000 viral genome equivalents (Fig. 3). In the
second protocol (nested), a small portion of the amplified
product was subjected to an additional 20 cycles of amplifi-
cation with the Dl consensus primer in combination with the
four type-specific primers. Figure 4 displays the results of
applying this nested PCR method with the same samples as
those used in the hybridization analysis. Sensitivity attain-
able by this nested amplification method was greater; 100
viral genome equivalents were detected. The two protocols
were also compared by testing 20 human viremic serum
samples. The nested approach proved more sensitive by
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FIG. 2. Dot blot hybridization of the DNA product from RT-
PCR of RNA samples isolated from dengue viruses and related
flaviviruses. Abbreviations on the left are as defined in the legend to
Fig. 1. Membranes were hybridized with probes specific for dengue
viruses of types 1 (lane 1), 2 (lane 2), 3 (lane 3), and 4 (lane 4); all
probes were labeled with DIG-UTP and detected with Lumi-Phos.

TABLE 2. Comparison of RT-PCR and serological typing of
geographically and temporally distinct dengue viruses

Yr Serotype de-
Strain Location isolated termined byisltd both methods

16007 Thailand 1964 1
1041 Indonesia 1976 1
30893 Malaysia 1981 1
162.AP2 Philippines 1984 1
11651 Puerto Rico 1986 1
GML100063 Guatemala 1989 1
INS353117 Columbiaa 1990 1
INS353178 Colombiaa 1990 1
88970 Venezuela 1990 1

TC16681/64 Thailand 1964 2
489 Puerto Rico 1977 2
285 Indonesia 1978 2
042.AP4/2207 Philippines 1983 2
D85-044 Thailand 1985 2
1715 Dominican Republic 1986 2
88967 Venezuela 1990 2

CH53489D731 Thailand 1973 3
1300 Malaysia 1974 3
1340 Puerto Rico 1977 3
1178 Indonesia 1977 3
1280 Indonesia 1978 3
D80273 Thailand 1980 3
26237 Malaysia 1980 3
168.AP2 Philippines 1983 3
D84315 Thailand 1984 3
1594 Sri Lanka 1985 3
D86013 Thailand 1986 3

1053 Indonesia 1976 4
1132 Indonesia 1977 4
1152 Mexico 1985 4
072-090-85 Tahiti 1985 4
JQ119O Venezuela 1990 4
JQ109O Venezuela 1990 4

" South America.
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FIG. 3. Dot blot hybridization of the DNA product obtained after one round of RT-PCR amplification of quantitated dengue virus RNAs
with consensus primers Dl and D2. The membranes contained identical samples in the same configurations. Lanes 1 to 4 show dengue viruses
of types 1 to 4, respectively. Membranes were hybridized with probes specific for dengue viruses of types 1 (panel 1), 2 (panel 2), 3 (panel
3), and 4 (panel 4). All probes were labeled with DIG-UTP and detected with Lumi-Phos. The number of initial RNA molecules assayed is
shown on the left.

correctly identifying five viremic serum samples that were

found negative by the dot blot hybridization method (Table
3). The nested PCR method was used exclusively throughout
the remainder of this study.

Detection and typing of dengue type 2 virus in infected
mosquitoes. Figure 5 displays the results of testing dengue
type 2 virus-infected A. aegypti mosquitoes. As previously
stated, the RNA isolated from these infected mosquitoes
was originally found negative for dengue type 2 virus by the
RT-PCR assay at all time points. However, when the RNA
samples were captured on magnetic beads prior to RT-PCR
amplification, they were amplified with consensus primers
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FIG. 4. Agarose gel analysis of the product from RT-PCR fol-
lowed by second-round nested PCR of quantitated RNA samples.
The number of initial RNA molecules assayed is indicated above
each lane. RNAs were from dengue virus types 1 (D1), 2 (D2), 3
(D3), and 4 (D4). Molecular weight (MW) markers are shown on the

left; DNA sizes are given in base pairs. N, tRNA negative control.

Dl and D2 and correctly typed by the nested PCR method.
Samples were found positive for dengue type 2 virus starting
at the earliest time point (day 2) and were positive through-
out the remainder of the time points assayed (Fig. 5).

Detection and typing of dengue viruses in clinical samples.
Ninety-three human viremic serum samples were tested by
the RT-PCR assay. Table 4 summarizes the results compar-
ing identification by the RT-PCR assay with identification by
virus isolation in mosquitoes or cell cultures and subsequent
typing by the IFA with type-specific monoclonal antibodies.
In all but four instances, dengue viruses were correctly
detected and typed by the RT-PCR assay, compared with
virus isolation. One dengue type 1 virus sample and three
samples containing dengue type 2 virus were not found
positive by the RT-PCR method. Ten additional samples
from Southeast Asia (data not included in Table 4) were
originally dengue virus positive when isolated but negative
when tested by the RT-PCR assay. Since the storage history
of these samples may have reduced or eliminated virus
titers, these samples were reinoculated into mosquitoes and
assayed for viruses. Seven samples were negative, and three
samples yielded questionable results (one or two fluorescent
cells were observed in the DFA). These three samples were
subsequently passed in C6/36 cells. After a suitable period of
incubation, two tested positive for dengue type 2 virus and
one tested positive for dengue type 1 virus.

DISCUSSION

In this report, we describe the development of a rapid and
specific assay for detecting and typing dengue viruses. The

TABLE 3. Comparison of dot blot hybridization and nested
PCR for detection and typing of dengue viruses

in human serum samples
No. of viremic serum

samples of the following
Method dengue virus type:

1 2 3 4

Virus isolation 2 6 7 5
RT-PCR and dot blot hybridization 1 6 6 2
RT-PCR and nested PCR 2 6 7 5
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FIG. 5. Agarose gel analysis of the product from RT-PCR am-
plification of RNAs isolated from infected mosquitoes and captured
on magnetic beads. Lanes: MW, molecular size markers (in base
pairs); N, uninfected mosquitoes; 2 to 15, RNAs isolated from
mosquitoes on the day postinfection shown above each lane; P,
dengue type 2 virus positive control.

method relies on a combination of two steps: generation of a
cDNA copy of the RNA genome by RT and subsequent Taq
polymerase-mediated amplification of this cDNA. The two
reactions are combined in a single reaction vessel, signifi-
cantly reducing the assay time, lowering the risk of contam-
ination problems, and facilitating the handling of large num-
bers of specimens. The use of primers homologous to
conserved dengue virus RNA sequences ensures that all
strains of dengue virus will be amplified in the first-round
amplification reaction. The fact that viruses of the Japanese
encephalitis serogroup were also amplified by the consensus
primers confirms the broad reactivity of these primers. The
use of type-specific primers for viruses of the Japanese
encephalitis complex in similar two-round amplification as-
says would generate similar detection and typing tests for
these viruses.
The specificity of our assay relies on the ability of the

type-specific primers to recognize RNA sequences unique to
each dengue virus type. This specificity was confirmed by
testing 33 geographically unique virus isolates (characterized
by RNA fingerprinting techniques [14]) as well as 93 previ-
ously identified viremic serum samples (Table 4). No cross-
reactivity was detected between the type-specific primers
and heterologous dengue virus types; only a single amplified
product was obtained in each typing reaction. Typing of
dengue viruses by the nested PCR method with a mixture of
type-specific primers is superior to hybridization both in
sensitivity and in ease of manipulation. Correct typing
requires only electrophoresis of the amplified product on an
agarose gel, whereas the hybridization method introduces a
filter hybridization protocol requiring the labeling, purifica-

TABLE 4. Comparison of the RT-PCR assay and virus
isolation for the identification and typing of

dengue viruses from human serum

No. of serum samples of the following
Method dengue virus type:

1 2 3 4

RT-PCR 16 39 17 17
Virus isolation 17 42 17 17

tion, and standardization of probes. These probes, along
with the hybridization protocol itself, are usually difficult to
reproduce.
The potential diagnostic usefulness of our assay is dem-

onstrated by the analysis of human serum samples contain-
ing dengue virus. The assay demonstrates sensitivities of
94% with dengue type 1 virus, 93% with dengue type 2 virus,
and 100% with dengue type 3 and 4 viruses, compared with
virus isolation. The samples from Southeast Asia were
originally titrated in mosquitoes and possessed virus titers
ranging from 103 to 108 50% infective doses per ml of serum.
A meaningful correlation between the original virus titers
and the RT-PCR results was not possible because of the
uncertain storage history of the samples. However, it is
noteworthy that several of the samples which tested positive
in the RT-PCR originally possessed virus titers as low as 103
50% infective doses per ml of serum. The four RT-PCR-
negative samples that were found positive by virus isolation
(false-negatives) may have been the result of the presence of
fewer than 100 complete virus particles, the approximate
sensitivity limit of the test. Another possibility is that these
serum samples contained an inhibitor of the enzymatic
amplification that copurified with the template RNA. A bead
capture step could be used to eliminate this problem, as was
done with RNA isolated from dengue virus-infected mosqui-
toes; however, insufficient sample volumes prevented exe-
cution of the bead capture step on these samples.
Although false-positive PCR results have been reported

(13) in PCR-based assays, this problem was circumvented by
routinely exercising numerous precautionary measures
(physical separation of pre- and post-PCR manipulations,
UV irradiation of reaction mixtures, and the use of positive-
displacement pipettes) and including several samples with-
out DNA to carefully monitor each assay.
Other reports in which PCR was used to identify dengue

viruses have appeared (3, 4). Our assay possesses several
differences which we believe make it more amenable to
routine use in a diagnostic setting. First, the use of broadly
reactive consensus primers for initial amplification ensures
that all dengue virus isolates encountered in a diagnostic
laboratory will be correctly identified. Second, the nested
PCR method is both more sensitive and easier to standardize
than either hybridization or restriction digestion for confir-
mation of the amplification product. Finally, RNA capture
on magnetic beads prior to amplification allows circumven-
tion of potential PCR inhibitors, which are likely to be
encountered in the analysis of a large number of specimens.
The accuracy and speed of the RT-PCR assay make it an

appealing test for the diagnosis of dengue and for epidemio-
logic surveillance. In our laboratory, we have been able to
complete the RT-PCR assay, starting from RNA extraction
and completing with agarose gel analysis, within 30 h. In
diagnostic laboratories currently using traditional isolation
or serological methods, this assay could be used to comple-
ment existing techniques or in some cases to replace them.
In addition, the basic methodology of directly amplifying
RNA into double-stranded DNA can be used to amplify
larger regions of the genome for rapid sequence analysis,
which is potentially useful for both epidemiologic analysis
and evolutionary studies.
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