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Abstract.

This report presents the results of applying the reverse transcriptase—polymerase chain reaction (RT-

PCR) to the analysis of clinical specimens during the 1998 dengue epidemic in Nicaragua. The RT-PCR was validated
through comparison with viral isolation, resulting in a sensitivity of 100% and a specificity of 90%. In-country
application of the RT-PCR permitted the rapid identification of dengue-3 virus as the cause of the epidemic at the
beginning of 1998 and the detection of the reintroduction of dengue-2 virus in the middle of the year. Nineteen
isolates of dengue-3 and one of dengue-2 were characterized using the restriction site-specific (RSS)—PCR technique.
This showed that the dengue-3 strain belonged to the ** Sri Lanka’ subtype and that the dengue-2 strain belonged to
the ** Jamaica’ subtype, both of which have been associated with hemorrhagic dengue in the Americas. The application
of these simple PCR-based strain typing methods in a country endemic for dengue virus infections can help to
characterize the transmission dynamics of this important emerging infectious disease problem and provide this infor-
mation to local health authorities in a timely manner so that appropriate control measures can be implemented.

Dengue fever (DF) and dengue hemorrhagic fever/dengue
shock syndrome (DHF/DSS) are the most important mos-
quito-borne viral diseases affecting humans worldwide and
constitute a major public health problem in tropical and sub-
tropical regions. The 4 serotypes of dengue virus (DV), a
member of the Flaviviridae family of single-stranded RNA
viruses, cause a wide spectrum of disease in humans from
the acute febrile illness DF to the life-threatening DHF/DSS.
It is estimated that 2.5 billion people are at risk for dengue
infection, of which nearly 100 million people are infected
with DV and 250,000 progress to DHF/DSS annually. In
Latin America, there has been an alarming increase in den-
gue transmission over the past 20 years, particularly in urban
environments.?

Dengue has become one of the principal health problems
in Nicaragua. It affects hundreds of people annually during
the rainy season, when the density of the mosquito vector
increases, and epidemics affecting thousands of people occur
periodically. In 1985, the first epidemic of dengue in Nica-
ragua occurred, caused by serotypes 1 and 2, and 17,000
cases including 7 deaths were reported.® After that, sporadic
cases were observed until 1990, when more than 4,000 cases
were reported as a result of the introduction of serotype 4.4
At the end of 1994 and during the rainy season of 1995,
more than 20,000 cases of dengue were notified, caused
principally by the circulation of dengue-3.4°> During 1996
and 1997, the incidence of dengue was relatively low; how-
ever, at the beginning of 1998, the number of cases increased
abruptly and remained high throughout the year.

Seroepidemiologic surveillance of dengue is performed
mainly by the detection of DV-specific IgM antibodies,
while the detection of circulating serotypes is done tradi-
tionally by viral isolation and identification.t” Over the past
few years, reverse transcriptase—polymerase chain reaction
(RT-PCR) assays have been used for the identification of DV
serotypes in supernatants of infected cells and in clinical
specimens.>812 This technique is useful for rapidly obtaining
information about circulating DV serotypes. However, it is
important to isolate the virus to confirm its identity and to
study it in more detail. Each DV serotype is further divided
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into subtypes based on genetic variation. These subtypes are
studied to understand the origin and evolution of viral strains
and to investigate the correlation between DV subtypes and
disease severity of the resulting epidemic. To determine the
subtype, regions of the viral genome are usually sequenced
to generate phylogenetic trees using sophisticated and |abor-
intensive methods.*>° Recently, a simple PCR-based meth-
od was developed to identify DV subtypes, called restriction
site-specific (RSS)-PCR.%°

In this paper, we present the application of RT-PCR and
RSS-PCR in Nicaragua during the dengue epidemic of 1998
to rapidly identify the circulating DV serotypes and subtypes
and use the information obtained from such analyses to con-
tribute to improved understanding and management of the
epidemic.

MATERIALS AND METHODS

Origin and processing of clinical specimens. Serum
specimens from patients suspected of having dengue are reg-
ularly sent to the Virology Laboratory of the Centro Na-
cional de Diagnostico y Referencia (CNDR) of the Nicara-
guan Ministry of Health for routine diagnosis from the Na-
tional Surveillance System and from sentinel hospitals and
health centers. The leftover portion of a random selection of
these samples was analyzed by RT-PCR (n = 520). All sam-
ples were coded and no personal identifiers were used. Only
blood specimens drawn within the first 4 days since onset
of symptoms were analyzed. Of these 520 specimens, 116
were also analyzed by viral isolation for the validation of
the RT-PCR assay, and 20 viral isolates were analyzed by
RSS-PCR to determine the genetic subtype.

Extraction of viral RNA. Viral RNA was extracted as
previously described.® Briefly, 300 wl of serum were mixed
sequentialy with 300 pl of lysis buffer (6 M guanidinium
isothiocyanate, 50 mM sodium citrate, 1% Sarkosyl, 20 pg/
ml of Escherichia coli tRNA, 100 mM B-mercaptoethanal),
60 pl of 2 M sodium acetate (pH 4), 600 wl of water-satu-
rated phenol, and 240 wl of chloroform. After 15 min of
centrifugation at 10,000 rpm, the aqueous phase was trans-
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ferred to a new tube and mixed with an equal volume of
isopropanol. After a 20-min centrifugation at 10,000 rpm at
4°C, the pellet was washed with 75% ethanol, dried, and
resuspended in 20 pl of RNase-free distilled water.

Reverse transcription and PCR amplification. A sim-
plified single-tube procedure was used to reverse transcribe
and subsequently amplify viral RNA.®> Five microliters of
extracted RNA were added to 20 pl of an RT-PCR mixture
consisting of 50 mM potassium chloride, 10 mM Tris (pH
8.5), 0.01% gelatin, 200 M of each of the 4 deoxynucleo-
tide triphosphates, 1.5 mM magnesium chloride, 30 mM tet-
ramethylammonium chloride, 0.5 M betaine, 5 mM dithio-
threitol, 1 uM of the 5’ primer D1 and 3’ primer TS1, 0.5
wM of each of the 3’ primers TS2, TS3, and DEN4, 0.005
units/pl of reverse transcriptase RAV-2 (Amersham Corp.,
Arlington Heights, IL) and 0.025 units/pl of Tag DNA poly-
merase (AmpliTag®; Perkin Elmer Corp., Foster City, CA).
Reverse transcription was performed at 42°C for 60 min,
followed directly by 40 cycles of amplification consisting of
94°C for 30 sec, 55°C for 1 min, and 72°C for 2 min, ending
with a final extension of 72°C for 5 min. The reverse tran-
scription/amplification was performed in 0.5-ul tubes in a
thermocycler model UNO (Biometra, Gottingen, Germany).
Ten microliters of the product were analyzed by electropho-
resisin a 1.5% agarose gel in 1X TBE buffer (89 mM Tris-
borate, 2 mM EDTA, pH 8.3) containing 4 ng/ml of ethi-
dium bromide. The expected size of the amplified products
was as follows: 482 basepairs for dengue-1, 119 basepairs
for dengue-2, 290 basepairs for dengue-3, and 389 basepairs
for dengue-4. Positive controls for the reverse transcriptase-
PCR included RNA extracted from reference strains of each
of the 4 serotypes and the plasmid pBD3L,> which produces
an amplicon of 350 basepairs with primers D1 and TS3 and
serves as an additional control for the amplification process.

Restriction site-specific—polymerase chain reaction.
The protocol described by Harris and others? for PCR-based
subtyping of dengue-2 and dengue-3 viruses was followed.
Extraction of RNA was performed as described above, using
300 pl of supernatants of cells infected with previously iso-
lated viral strains. Each reaction consisted of 5 pl of extract-
ed RNA combined with 45 pl of a PCR mixture prepared
exactly as above, except that 0.025 units/ul of reverse tran-
scriptase RAV-2 and 0.5 M of each of 4 RSS-PCR primers
(RSS1-4 for dengue-2 and RSS5-8 for dengue-3) were used.
Reverse transcription and amplification were performed in a
single tube as above, except with 30 cycles of amplification.
Ten microliters of the products were analyzed by electro-
phoresis as above. The RSS-PCR patterns were interpreted
as previously described.?°

Viral isolation and identification. Tissue culture flasks
(25 cm?®) containing Aedes albopictus C6/36 cells?* were in-
oculated with serum from suspected patients (diluted 1/20 in
sterile phosphate-buffered saline) and incubated at 34°C for
10 days in minimal essential medium (Gibco-BRL) contain-
ing Earle's salts, L-glutamate, non-essential amino acids,
0.11% sodium bicarbonate, 105 U/ml of penicillin, 75 U/ml
of streptomycin, and 2% fetal bovine serum. The cells were
fixed with acetone (stored at —20°C) on slides to perform
indirect immunofluorescence using the technique described
by Gubler and others.?? First, a polyclonal antibody (a gam-
ma-globulin fraction of human serum with high hemagglu-

tination titers of anti-DV antibodies) was used to determine
infection with DV. With positive samples, the process was
repeated with monoclonal antibodies (D1: 15F3-1; D2:
3H5-1; D3: 5D4-11; D4: 1H10-6; American Type Culture
Collection, Manassas, VA) to identify the serotype.

RESULTS

Validation of the RT-PCR assay. To confirm the utility
of RT-PCR for detection and typing of dengue virus, a com-
parison with viral isolation was performed. Of 116 samples
processed by both methods, 38 were positive by vira iso-
lation. Of these, all 38 were positive by RT-PCR, yielding a
sensitivity of 100%. Of 78 specimens negative by viral iso-
lation, 70 were aso negative by RT-PCR, for a specificity
of 90% for the RT-PCR technique. No samples were nega-
tive by RT-PCR and positive by viral isolation, whereas 8
samples were positive by RT-PCR when no virus was iso-
lated. Of these latter samples, 2 demonstrated high titers of
IgM, and 2 contained high titers of 1gG.

Application of the RT-PCR assay to identify circulat-
ing DV serotypes. The RT-PCR assay was used to analyze
clinical samples during the 1998 epidemic in Nicaragua to
identify the temporal and geographic distribution of DV se-
rotypes. Figure 1A shows the results of RT-PCR analysis of
the first cases that were reported during the month of Janu-
ary 1998. As seen in lanes 4, 6, 9, 10, and 11, serotype 3
was the cause of the epidemic at this time. These positive
samples were later confirmed by viral isolation. During the
month of July, the introduction of a new serotype (dengue-
2) was detected, as shown in Figure 1B and Table 1. In
Figure 1B, the results of 3 dengue-3 positive samples are
presented (lanes 5, 6, and 11) and 2 dengue-2 positive sam-
ples (lanes 9 and 12), all of which are from the month of
July. Of atotal of 520 samples processed, 129 (25%) were
positive by RT-PCR. Table 1 shows the temporal and geo-
graphic distribution of the strains analyzed. Dengue-3 was
the dominant serotype throughout the epidemic, while in the
middle of the year dengue-2 was detected in the city of Ma-
nagua and later spread to other cities in the Pacific region
of the country (Granada, Lebn, and Chinandega).

Identification of dengue-2 and dengue-3 subtypes. Each
dengue serotype consists of various subtypes, depending on
genetic variation. A new technique, RSS-PCR,?° was used to
determine the subtypes of the dengue-2 and dengue-3 strains
circulating in Nicaragua in 1998. Figure 2 (lanes 1-4) shows
the application of RSS-PCR to analyze dengue-2 subtypes.
Lane 1 contains a member of RSS-PCR type F which co-
incides with the ““Puerto Rico’” subtype'® and which repre-
sents the endemic dengue-2 subtype in Latin America®®
Lane 2 contains a Thai strain (RSS-PCR type B2), and lane
3 contains a strain belonging to the ‘““Jamaica’ subtype
(RSS-PCR type A), which was introduced to the Caribbean
in 1981 and later spread throughout Central and South
America. Lane 4 shows the result of the amplification of a
Nicaraguan dengue-2 strain isolated in November 1998. The
Nicaraguan isolate generated the RSS-PCR type A pattern,
which was similar to the ‘*Jamaica’ subtype. Lanes 6-12
demonstrate the RSS-PCR analysis of dengue-3. Lanes 6-9
contain dengue-3 strains isolated in Nicaragua throughout
the 1998 epidemic. Lanes 10—12 contain the patterns of den-
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Ficure 1. Reverse transcriptase—polymerase chain reaction anal-
ysis of serum from patients suspected of dengue infection in Nica-
ragua. A, samples from the beginning of the epidemic in January
1998, showing the presence of dengue-3. Lane 1, negative reagent
control (water); lane 2, negative amplification control (water); lane
3, negative extraction control (water); lane 4, #0101, lane 5, #0161,
lane 6, #0137; lane 7, #0171, lane 8, #0173; lane 9, #0120; lane 10,
#0218; lane 11, #0221; lane 12, #0174; lane 13, #0176; lane 14,
positive extraction control (dengue-3); lane M, 100-basepair [bp]
ladder (Gibco-BRL, Gaithersburg, MD); lane 16, positive amplifi-
cation control (dengue-1); lane 17, positive amplification control
(dengue-4); lane 18, positive amplification control (dengue-3); lane
19, positive amplification control (dengue-2); lane 20, positive am-
plification control (plasmid pBD3L).5 B, samples from July and Au-
gust 1998, demonstrating the introduction of dengue-2. Lane 1, neg-
ative reagent control (water); lane 2, negative amplification control
(water); lane 3, negative extraction control (water); lane 4, #5198;
lane 5, #5270, lane 6, #5392; lane 7, #5000; lane 8, #5001, lane 9,
#6978; lane 10, #5195; lane 11, #5428; lane 12, #5426; lane 13,
#5196; lane 14, positive extraction control (dengue-3); lane M, 100-
bp ladder; lane 16, positive amplification control (dengue-1); lane
17, positive amplification control (dengue-4); lane 18, positive am-
plification control (dengue-3); lane 19, positive amplification control
(dengue-2); lane 20, positive amplification control (plasmid pBD3L).

gue-3 controls: a strain belonging to RSS-PCR type C, des-
ignated the ““Sri Lanka’ subtype by other methods'® (lane
10), a strain of RSS-PCR type B, which contains isolates
from Indonesia and the Philippines (lane 11), and a member
of RSS-PCR type A, which contains viruses from Thailand
(lane 12). As can be observed, the Nicaraguan dengue-3
strains belong to RSS-PCR type C, which corresponds to
group |11 of Lanciotti and others;*¢ @l the Nicaraguan den-
gue-3 strains analyzed fell into this group. Note that the
RSS-PCR patterns of Nicaraguan isolates of both dengue-2
and dengue-3 appear to contain an extra amplified fragment
that is not seen in the pattern of the control strains (~180
basepairs for dengue-2 and ~130 basepairs for dengue-3).

DISCUSSION

Virologic surveillance of dengue is traditionally per-
formed via viral isolation and serotype identification, an ex-

pensive, time-consuming, and labor-intensive technique,
which often requires more than 7 days to obtain results. This
technique also requires that specimens be collected, trans-
ported, and stored properly so as to ensure that the virus
remains viable and the sample remains sterile. Over the last
several years, RT-PCR has been applied to detection and
typing of dengue virus,>%*2 but until now, this tool has been
used mostly on an experimental basis and not as a routine
method in endemic countries. We have adapted the RT-PCR
technique for routine use in dengue surveillance in the Vi-
rology Laboratory of the CNDR of the Nicaraguan Ministry
of Health, simplifying it and reducing the cost of the pro-
Ce$.5'24

Comparison of the RT-PCR assay, as performed under the
existing conditions at the CNDR, with viral isolation (con-
sidered the reference standard) confirmed the utility of RT-
PCR, since it resulted in high sensitivity (100%) and speci-
ficity (90%) compared with viral isolation. It is important to
point out that of the 8 discordant cases (positive by RT-PCR
and negative by viral isolation), 2 contained IgM antibodies
and another 2 demonstrated high levels of 1gG. Therefore,
it is likely that in these cases the virus was neutralized,
which prevented its isolation but not its detection by RT-
PCR. The other 4 discordant cases probably resulted from
improper specimen transportation and storage, which com-
promised the ability of the virus to be isolated, rather than
from false-positive PCR results, since all the necessary pre-
cautions were taken to avoid contamination of the samples
during the PCR procedure®*?> and the results were repeated
severa times on different days with identical results. Thus,
we believe that the RT-PCR is actually more sensitive than
viral isolation under these conditions, and equally specific.

Routine application of RT-PCR was useful for understand-
ing the 1998 dengue epidemic in Nicaragua. After 2 years
of relatively low incidence, the number of dengue cases
(confirmed by the detection of specific IgM antibodies) in-
creased abruptly in the beginning of 1998. This was unex-
pected, since the dengue season usually begins later in the
year (May) and since a seroepidemiologic survey carried out
the previous year revealed a high level of dengue virus an-
tibodies in the population (de los Reyes J, Balmaseda A,
Huelva G, Gutiérrez CM, Cerda S, Amador JJ, unpublished
results). The reintroduction of a serotype that had not cir-
culated for a long time in Nicaragua was considered prob-
able because dengue-3 had circulated continuously since
1994 and was therefore not expected to be causing such
outbreaks.*> However, when RT-PCR was used to anayze
the first samples at the beginning of the epidemic, it was
demonstrated within 2 days that the serotype responsible was
in fact dengue-3 (Figure 1A). These results were later con-
firmed by viral isolation. The RT-PCR assay was applied
routinely during the entire year as part of the national system
of dengue vira surveillance; this alowed rapid typing of
samples from regions most affected by the epidemic (Table
1). It also increased the quality of surveillance significantly
because the conditions in health centers often result in spec-
imens that are handled and stored inappropriately for viral
isolation; however, these specimens are nonethel ess adequate
for RT-PCR.

Surveillance of dengue virus by RT-PCR allowed us to
detect the introduction of a new serotype, dengue-2, in the
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TaBLE 1
Temporal and geographic distribution of dengue virus serotypes in Nicaragua, 1998*

SILAIST Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Leon D3 2 - - - - 1 4 10 11 2 2 - 32
D2 - - - - - - - 1 1 1 1 4
Managua D3 3 - 1 - - 1 4 10 30 16 2 1 68
D2 - - - - - 2 2 4 - 1 1 10
Granada D3 - - — - - - — 1 1 - - 2
D2 - - - - - - - - 1 - - - 1
Rivas D3 - - - - - - - - - - 5 - 5
D2 - - - - - - - - - - - - -
Jinotega D3 - - — — - 5 1 — — - - — 6
D2 - - - - - - - - - - - - -
Chinandega D3 - - - - - - - - - - - - -
D2 - - - - - - - - - 1 - 1
Total D3 5 - 1 - - 7 9 20 42 19 9 1 113
D2 - - - — — - 2 2 6 1 3 2 16
*—=0.
T Department.

month of July in Managua. Dengue-2 viruses, particularly
the Southeast Asian and ‘‘Jamaica’ genotypes, have been
specifically associated with DHF%% and therefore often
cause increased concern. In addition, a serotype that has not
circulated recently in a given population will encounter a
larger number of susceptible hosts, many of whom may have
experienced a primary infection with a different dengue se-
rotype and may therefore be at increased risk for severe dis-
ease, according to the sequential infection theory.?” Thus, the
information about the introduction of dengue-2 was used to
mobilize resources within the Nicaraguan Ministry of Health
for more aggressive mosquito control so that the dengue cri-
sis could be managed more effectively. The fact that dengue-
2 was detected in various regions of Nicaragua after mid-
1998 suggested the possibility of dengue-2 circulation the
following year, when virus transmission begins again. In
light of this information, the Program for Control of Vector-
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Ficure 2. Analysis of dengue-2 and dengue-3 subtypes by re-
striction site-specific—polymerase chain reaction (RSS-PCR). Lanes
1-4, RSS-PCR of dengue-2. Lane 1, RSS-PCR type F (TO74 718);
lane 2, RSS-PCR type B2 (TH80 218); lane 3, RSS-PCR type A
(PR85 202); lane 4, Nicaraguan dengue-2 isolate #9622 (November
1998); lane M, 100-basepair ladder. Lanes 6-12, RSS-PCR of den-
gue-3. Lane 6, Nicaraguan dengue-3 #0256 (January, 1998); lane 7,
Nicaraguan dengue-3 isolate #4431, (July, 1998); lane 8, Nicaraguan
dengue-3 isolate #6627, (August, 1998); lane 9, Nicaraguan dengue-
3 isolate #5680 (July, 1998); lane 10, RSS-PCR type C (SL85 393);
lane 11, RSS-PCR type B (TH80 267); lane 12, RSS-PCR type A
(IN85 316).

Borne Diseases of the Ministry of Health planned more ag-
gressive antivectorial control measures for 1999.

The experience of the Virology Laboratory of the CNDR
with the application of RT-PCR for detection and typing of
dengue virus may be useful to other laboratories in the re-
gion that present similar conditions or that cannot afford
viral isolation or overseas processing of specimens to deter-
mine the circulating dengue serotype(s). However, it is crit-
ical to emphasize the importance of validating the RT-PCR
assay, as performed under the conditions of each laboratory,
against the reference standard (e.g., viral isolation) before
implementing its routine use.

Determination of the genotype of circulating dengue vi-
ruses is also important, since strains originating in Southeast
Asia have been more often associated with severe dis-
ease.’%% The RSS-PCR strain-typing technique® isrelatively
simple, like any PCR method, and as such is more accessible
than sequence analysis and subsequent generation of phy-
logenetic trees for subtype identification. The application of
the RSS-PCR method in Nicaragua alowed us to rapidly
determine that the subtype causing the 1998 epidemic was
the same dengue-3 virus that had been circulating in Nica-
ragua since 199442 and that it was a member of the ** Sri
Lanka’ subtype, which is of Asian origin and has been as-
sociated with hemorrhagic fever. It also allowed us to quick-
ly detect that the Nicaraguan dengue-2 isolate belonged to
the ““Jamaica’ subtype that was introduced to the Americas
from Southeast Asia in 1981 and that has been related to
outbreaks of DHF in Latin America and the Caribbean. Na-
tional health authorities were alerted immediately about the
danger of the circulation of thisviral strain. Interestingly, an
additional band was observed in the RSS-PCR patterns gen-
erated by the Nicaraguan isolates that was not present in that
of the control strains, indicating a certain degree of genetic
variation in the Nicaraguan strains; this observation is being
further investigated.

The use of simple PCR-based strain typing techniques in
place of more expensive and sophisticated alternatives thus
enabled a resource-poor country to obtain important epide-
miologic information about dengue virus rapidly and on-site.
The application of these simplified methods in-country
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helped to characterize the transmission dynamics of dengue
in real time during an epidemic and to provide this infor-
mation in a timely fashion to the appropriate health author-
ities and the national vector control program.
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