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Introduction. Genotype replacement has been 
associated with dramatic increases in epidemic 
dengue and severe dengue cases in Latin 
America, but little is known concerning the 
determinants of these genotypic sweeps. More 
efficient productive infection of Aedes aegypti 
mosquitoes could condition such sweeps. Viruses 
that more efficiently infect and are transmitted 
by mosquitoes will have a better chance of being 
transmitted to the next susceptible host and would 
thus have greater epidemic potential.
Objectives. The objectives were to: determine 
differences in vector infection potential for 
DENV-2 isolates representing two DENV-2 
genotypes from the Yucatan Peninsula of 
Mexico and to identify candidate viral molecular 
determinants of phenotypic differences.
Materials and Methods. DENV-2 American 
and American/Asian isolates from the Yucatan 
Peninsula were characterized in vivo in mosquitoes. 
Midgut infection and virus dissemination to infect 
salivary glands for productive mosquito infection 
was determined by indirect inmunofluorescence 
assay and mosquitoes were titrated to determine 
viral load.  The E gene and 3´ UTR were sequenced 
to investigate potential molecular correlates of 

efficient vector infection.
Results. All viruses from both genotypes were 
equivalent in their ability to infect mosquito 
midguts. However, the viruses from the America/
Asian genotype efficiently disseminated to infect 
the salivary glands in Aedes aegypti mosquitoes 
but the American genotypes did not. Sequence 
analysis of the E protein gene and the 3’ UTR 
of the viruses suggested candidate molecular 
determinants of the vector infection phenotypes.
Conclusions. DENV-2 virus genotypes differ in 
vector competence; American/Asian genotypes 
efficiently disseminate from the midgut to infect 
salivary glands to be transmitted. Some of the 
amino acid changes in E protein and nucleotides 
in the 3´UTR may be related to this phenotype.

Key words: DENV, Aedes aegypti infection, sali-
vary glands, E protein gene, 3´UTR

RESUMEN
Los genotipos americano y americano/asiático 
del virus dengue difieren en la eficiencia de 
infección del mosquito: determinantes molecu-
lares candidatos para infección productiva del 
vector
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Introducción. La sustitución de genotipos parece 
jugar un papel crítico en el incremento dramático 
de las epidemias y la severidad del dengue en 
Latinoamérica; sin embargo, la información acerca 
de los determinantes de competencia entre estos 
genotipos es escasa. La infección productiva en 
Aedes aegypti puede ser uno de los elementos que 
condicionen dichas sustituciones. Los virus que 
infectan de forma más eficiente y se diseminan en 
los mosquitos tienen mejor probabilidad de ser 
transmitidos al siguiente hospedero susceptible y 
pueden, así, tener un potencial epidémico mayor.
Objetivos. Los objetivos de este trabajo fueron 
establecer las diferencias en el potencial para 
infectar al vector de varios aislados virales de la 
Península de Yucatán, México, así como identificar 
candidatos moleculares que determinan dichas 
diferencias fenotípicas.
Materiales y Métodos. Diferentes aislados 
virales de la Península de Yucatán, México, se 
caracterizaron in vivo en mosquitos. La infección 
de los intestinos medios y la diseminación a las 
glándulas salivales de los mosquitos se determinó 
por inmunofluorescencia indirecta y los títulos 
virales por ensayos en placa. El gen de la proteína 
E (envoltura) y el 3´UTR (región no traducida 3´) 
se secuenciaron para identificar sustituciones en 
las secuencias de nucleótidos o aminoácidos que 
correlacionan con la infección del vector.
Resultados. Ambos genotipos examinados 
fueron equivalentes en la capacidad para 
infectar intestinos medios. Sin embargo, ellos 
difirieron significativamente en su capacidad para 
diseminarse a las glándulas salivales. Los virus 
correspondientes al genotipo Americano/Asiático 
se diseminaron de forma eficientemente en 
mosquitos Aedes aegypti colectados en México. 
El análisis de las secuencias del gen de la proteína 
E y del 3´UTR reveló determinantes moleculares 
que pueden estar relacionados con los fenotipos 
observados en la infección del vector. 
Conclusiones. El genotipo del VDEN-2 condi-
ciona la capacidad vectorial e impacta las tasas 
de diseminación hacia tejidos clave como las 

glándulas salivales en el mosquito. Algunos de 
los cambios en aminoácidos de la proteína E y 
nucleótidos en el 3´UTR pudieran estar relacio-
nados con este fenotipo.

Palabras clave: dengue, infección del vector, 
glándulas salivales, gen de la proteína E, 3´UTR

INTRODUCTION
DENV infections are a serious cause of 

morbidity and mortality in tropical and subtropi-
cal areas in the world, representing a public health 
problem in 112 countries (1). All four dengue 
serotypes generate clinically indistinguishable dis-
ease, and all can cause dengue hemorrhagic fever 
(DHF) and dengue shock syndrome (DSS). In the 
Americas, the resurgence of the mosquito vector 
has been followed by the circulation of multiple 
DENV serotypes and genotypes resulting in den-
gue hyperendemicity (2). The number of dengue 
cases in the Americas has increased dramatically 
in the past 30 years (3). Concomitant with the 
dramatic increase in dengue cases has been the 
remarkable increase in the proportion of severe 
dengue infections (4). Phylogenetic analyses have 
revealed that American/Asian genotypes have been 
efficiently displaced the local American genotypes 
in many countries in the Americans including 
Mexico (5-9). Five different genotypes of DENV2 
have been established: American, Asian (1 and 
2), American/Asian, Cosmopolitan and Sylvatic 
(10). In Mexico, recent phylogenetic analysis of 
isolates suggests that DENV evolution in Mexico 
is characterized by frequent lineage and genotype 
replacement (7,11,12).

The determinants of DENV sweeps in na-
ture are poorly understood. The virus must suc-
cessfully be transmitted between mosquitoes and 
humans to maintain and amplify the virus in na-
ture. In humans, DENV viremia titer correlates 
with disease severity in humans (13,14) and high-
er viremia titer could clearly result in more pro-
ductive vector infections, thereby more efficient-
ly amplifying the virus in nature. Some DENV 
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genotypes (e.g. Southeast Asian) exhibit greater 
replication and dissemination efficiency in mos-
quitoes (15-17), which could also amplify virus 
in nature. DENV-2 infection and dissemination 
rates in Aedes aegypti infected with some South-
east Asian viruses were about 3-fold higher than 
those infected with American genotypes (15,17).

In these studies five DENV-2 strains rep-
resenting the American/Asian and American 
genotypes were characterized in their ability to 
infect productively recently colonized strains of 
Ae. aegypti from Mexico. The viruses, which were 
isolated from cases of different clinical severity 
ranging from DF to DSS and were low passage 
to avoid genetic effects from virus passage, were 
phenotyped for their ability to infect and replicate 
in mosquito midguts and to disseminate from 
midguts and infect the salivary glands. All viruses 
efficiently infected mosquito midguts, but the 
American/Asian genotype viruses more efficiently 
disseminated from the midgut to infect the salivary 
glands.

MATERIALS AND METHODS
DENV-2 strains. Six different DENV-2 strains 
were studied. Five of these strains clustered 
into the American/Asian genotype and one of 
them into the American genotype (Table 1). All 
the Yucatan (Yuc) strains and the Quintana Roo 
(QRoo) strains had low passage histories, but the 
prototype strain DENV-2 Jam 1409, included as 
a control virus, was a high passage (Jam1409hp). 
The DENV-2 Yuc viruses belonging to the Amer-
ican/Asian genotype were isolated from patients 
in Mexico between 2001 and 2002 from anony-
mous patients with different disease severity. The 
DENV-2 QRoo3315 American genotype strain 
was isolated from a patient from Quintana Roo 
in 1994. All the viruses from the Yucatan Pen-
insula were kindly provided by investigators at 
the Laboratorio de Arbovirologia in the Centro 
de Investigaciones Regionales "Dr. Hideyo No-
guchi" in the Universidad Autónoma de Yucatán 
(UADY). Additionally some other DENV-2 se-

quences from the GeneBank were used in some 
of the analysis (Table 1). The initial classification 
of virus genotypes was based on genetic related-
ness determined by the nucleotides located at the 
E/NS1 junction (19) or the prM/E junction (20).

Mosquito infection and assay. Recently colonized 
Chetumal mosquitoes (F-3 to F-6) were used to 
phenotype the viruses. The Chetumal colony was 
established from collections made in Chetumal, 
Yucatan Peninsula, in Southeast Mexico, where 
the mosquitoes are extremely vector competent21. 
Mosquitoes were raised, orally challenged, and 
assayed as previously reported (21). Briefly, to 
prepare blood meals, the respective virus stock 
(Multiplicity of infection-0.001) was amplified 
in C6/36 mosquito cells for 7 days at 28°C. At 
day 7, the medium was replaced, and at 12 days 
post-infection virus was harvested for titration 
and to prepare artificial bloodmeals for mosquito 
oral infections. Similar titers (~1 x 107 PFU/ml) 
of the DENV-2 strains were provided to 50-100 
Ae. aegypti females in artificial blood meals (22). 
Aliquots of bloodmeals were collected before and 
after the feeding for titration by plaque assay. En-
gorged mosquitoes were sorted, placed in cartons, 
and maintained on sugar and water until processed 
(22). At 14 days, post blood meal, mosquitoes were 
dissected to analyze midguts, salivary glands, and 
head tissues for the presence of DENV antigen 
using indirect immunofluorescence (22). Blood 
meals were titrated in LLC-MK2 cells by plaque 
assay (22).

Viral RNA extraction and cDNA synthesis. 
Viral RNA was isolated from stocks using the 
QIAamp viral RNA minikit from Qiagen following 
manufacturer’s instructions. Viral RNA was and then 
stored at -70ºC until cDNA synthesis. For the first 
strand of cDNA synthesis we used SuperScript™ 
III retrotranscriptase (RT) from Invitrogen 
(Carlsbad, CA) and primers D2-2479R (5’AA/
GATCCCGCTGCCACATTTT3’) to obtain the 
cDNA fragment to sequence E gene and D2-10723R 
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(5’AGAACCTGTTGATTCAACAGCACCA3’) 
to obtain the cDNA to sequence 3´UTR following 
manufacturer’s instructions.

Sequence analysis. E gene. The entire region for 
the E protein genes of the Yucatan DENV-2 vi-
ruses and the reference DENV-2 Jam1409 were 
sequenced using a set of seven primers for the 
target sequence. The nucleotide identity in each 
position of the gene was obtained and confirmed 
in both directions (three times). Sequence of used 
primers were:
1) D2-1146F:
5’ATGAAGAGCAGGACAAAAGGTT3’;
2) D2-1233F:
5’AGGATGGGGAAATGGATGTGGAT3’;
3) D2-2018F:
5’AAGATAGCCCAGTCAACATAGAAG3’; 
4) D2-1245R: 
5’ATTTCCCCATCCTCTGTCTACCAT3’;
5) 5’TTCTTCGCGTGGGGATTTTTG3’;
6) D2-2076R:
5’TTCAA/GTTGTCCCGGCTCTACTACTCT3’;
7) D2-2461R:
5’AA/GATCCCGCTGCCACATTT3’

The sequences were aligned using the 
ClustalW program and amino acid changes found 
were place on the E protein model (23) using the 
DENV-2 QRoo3315 sequence as backbone.

Sequence analysis. 3’ UTR. Sequences were 
assembled using SeqMan program from Lasergene 
(DNASTAR Inc.). Assembly of the entire 3’UTR 
sequence (454 nt) required to use 4 primers:
1) D2-10146F:
5’GGCAAAGAACATCCAAACAGC3’; 
2) D2-10304F:
5’GTCAGGTCGGATTAAGCCATAGTA3’;
3) D2-10522R:
5’CCCGTTGTTGCTGCGATTTGTA3’;
4) D2-10723R:
5’AGAACCTGTTGATTCAACAGCACCATT 
CCA3’

The sequences were obtained in the 
Genomics Core Facility at Colorado State 
University. The sequences were aligned using the 
ClustalW program.
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Table 1

Virus name City/
Province

Year of
isolation

Clinical
case Genotype Reference

GeneBank
accesion number

044 México 1983 DF

American

5 AF100151&

SML6420 Texas, USA 1995 DF 18 AF309965*

IQT1950 Perú 1995 DF 5 AF100467*

Mex94QRoo
(QRoo3315)

Cancún, 
México 1994 DF This study &,*

Yuc12914 Tekax,
México 2001 DF

American/
Asian

7 
This study &,*

Yuc11936 Sta. Elena,
México 2001 DFHM 7

This study &,*

Yuc14757 Mérida,
México 2002 DHFII This study &,*

Yuc14497 Mérida,
México 2002 DHFIII This study &,*

383 México 1995 5 AF100147&
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RESULTS
Infection of Ae. aegypti (Chetumal strain) mos-
quitoes with American and American/Asian 
genotype viruses. To investigate the influence 
of virus genotype on vector infection, the midgut 
infection and dissemination rates caused by the 
American and American/Asian genotype viruses. 
Mosquitoes were then allowed to ingest artificial 
blood meals of equivalent virus titers (Figure 1) 
and the ability of the respective viruses to produc-
tively infect mosquitoes from Chetumal, Yucatan 
Peninsula, was determined. Infections of midguts 
and dissemination to salivary glands and head 
tissues were used as the measure of productive 
infection ability of the viruses. Midgut infections 
were determined at 7 days post ingestion of the 
infectious bloodmeal. Salivary glands and head 
tissue infection rates were assessed 14 days after 
the bloodmeal.

Despite equivalent midgut infection rates, 
significant differences (P<0.01 by ANOVA one 
way comparison test) in dissemination rates to the 
salivary glands and head tissues were revealed. 
DENV-2 QRoo3315 virus (American genotype) 
exhibited equivalent midgut infection rates 
(Figure 1a). However, dissemination rates to either 
salivary glands or head tissues were dramatically 
low. The DENV-2 Yucatan viruses (American/
Asian genotype) exhibited dissemination rates 
to head tissues of 50-80% and to salivary glands 
of 60-80%. Meanwhile the American genotype 
(QRoo3315) showed only ~3% of dissemination to 
head tissues and ~19% of dissemination to salivary 
glands (Figure 1b and 1c).

Differences found in E protein gene among 
the different Yucatan isolates. The analysis of 
the sequencing data showed that a total of 148 
nucleotide substitutions occurred in the different 
E genes, however most of these changes originated 
sysnonymous substitutions (data not shown). Both 
conservative and non conservative amino acid 
substitutions in the sequence were located by mul-
tiple alignment analysis using Clustal W program 

(Figure 2). Fourteen amino acid changes were 
identified in total in the E protein (Table 2). Of the 
fourteen changes observed, 5 occurred in domain I 
(E-6, E-46, E-139, E-162, and E-340); 6 in domain 
II (E-55, E-71, E-81, E-91, E-129, and E-131); and 
3 in domain III (E-390, E-484, and E-491) (Table 
2). The substitution in E-6 was only observed in the 
DENV-2 Jam 1406 strain. Three of the observed 
changes have been previously reported: E-6, E-71, 
and E-390. Only four non conservative changes 
among the studied strains (E-46, 131, 340 and 390) 
were found (Figure 3).

Genotype changes in the 3’ UTR among the 
Yucatan isolates and other sequences reported. 
Comparison of the 3’ UTR nucleotide sequence 
of DENV-2 strains revealed multiple and poten-
tially important differences between the examined 
American and American/Asian genotypes (Figure 
4). The 3’ UTR (454 nt) of the DENV-2 (from nt 
10270 to 10723 in viral genome) encompasses 
three main regions29: i) a variable region (VR) 
adjacent to the stop codon of the viral polyprotein, 
ii) a core region containing two predicted second-
ary structures, the DB1 (containing CS2) and DB2 
(containing RCS2), and iii) a 3’- terminal region 
enclosing the cyclization sequence (CS1) and the 
terminal long stable stem-loop (the 3’SL formed 
by SLA and SLB). The CS1 sequence at the 3’UTR 
is complimentary to the cCS1 motif located in the 
5’UTR. Viral genome circularization allows RNA 
synthesis and alterations of either CS1 or cCS1 
severely diminished viral genome replication30,31. 
The 3’SL binds both virus-encoded and cellular 
proteins and is required for virus replication and 
translation.

Numerous changes including point mutations 
and deletions differentiated viruses from the two 
genotypes (Figure 4a). Four point mutations were 
located in the DB1 (CS2) and two in the SLB region 
of the 3’SL. Other affected secondary structures 
included HP-2 (Figure 4b). We observed several 
deletions in the regions linking DB2/DB1 and DB1/
CS1, in addition to those found at the beginning 
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Figure 1. DENV-2 American and American/Asian genotypes differed in their dissemination but not in their midgut 
infection rates in Aedes aegypti Chetumal mosquitoes. DENV-2 antigen was detected in Chetumal mosquito tis-
sues by indirect immunofluorescence assays using the serotype-specific 3H5-1 (ATCC number HB-46) as primary 
antibody. (A) Midgut infection and dissemination rates to salivary glands (B) and head tissues (C) were determined 
in three independent experiments. Bars represent mean ± SEM from two independent experiments (n=30-40 mos-
quitoes for each experiment). ** P<0.01 or *** P<0.001 by ANOVA one-way test. Virus titers in bloodmeals were: 
2.0±1.0x107 PFU/ml for QRoo3315; 1.0±0.2x107 PFU/ml for Yuc11936; 2.4±1.4x107 PFU/ml for Yuc12914; and 
1.6±0.8x107 PFU/ml for Yuc14497, 1.7±0.9x107 PFU/ml for Yuc14757
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Figure 2. Alignment of the different sequences obtained for the E proteins. Sequence alignment of the E proteins 
from all the DENV-2 Yucatan strains analyzed as well as the DENV-2 Jam 1409. The domains of this protein are 
indicated as well. *Non-conservative amino acid substitutions

Table 2
Amino acid changes detected in American and American/Asian genotypes examined. *Non-conservative changes. 
In different color changes between American and American/Asian isolates from the Yucatan Peninsula are shown

American
Genotype American/Asian genotype

AA
changes QRoo3315 Yuc11936, Yuc12914

Yuc14497, Yuc14757 Jam1409 Domain Previous
reference

E-6 I I M I 24,25
E-46* I I/T I I
E-55 S T T II
E-71 D E E II 26,27
E-81 T S S II
E-91 V I L II
E-129 I V V II
E-131* Q Q L II
E-139 V I I I
E-162 V I I I
E-340* M T M I
E-390* D N N III 28
E-484 I V V III
E-491 V A A III
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Figure 3. Affected domains and each of the amino acid changes observed in the analyzed isolates. The back-
bone corresponds to the DENV-2 QRoo3315 American genotype. All the amino acid substitutions found 
between the DENV-2 QRoo3315 (American genotype) and Yucatan strains (American/Asian genotype) are 
shown. *Non-conservative changes (backbone structure adapted from Hrobowski et al., 2005)
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Figure 4. The 3’UTR of examined isolates of DENV-2 from the Yucatan Peninsula differ notably. A) 
Alignment of the different examined viruses belonging to either the American or American/Asian 
genotypes. Functional domains are shown in boxes or underlined. (*) Indicates the position of each 
difference found in the comparison. (^) Denotes the sites where nucleotide changes seem to be genotype 
specific. The sequence comparison was performed using the Clustal W alignment algorithm. Unique 
mutations can be observed in the QRoo3315 virus that belongs to the American genotype. B) The 
secondary structure of the 3’UTR and the different functional domains are shown 30,47. Arrows point 
out the sites where the principal secondary structures were affected by mutations. The 3´UTR consists 
of: 1) a variable region (VR) adjacent to the stop codon of the viral polyprotein that encloses 2 hairpin 
structures (HP), 2) a core region containing two predicted secondary structures, the DB1 (containing 
CS2) and DB2 (containing RCS2), and 3) a 3’- terminal region enclosing the CS1and the 3’SL (formed 
by SLA and SLB)

A) Figure 4  continued
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of the 3’UTR. We identified three regions that 
were more variable, these enclosed nucleotides 1 
to 26 (region 1), 111 to 118 (region 2), and 337 to 
346 (region 3). Region 1 was located right after 
the NS5 stop codon and region 3´ upstream of the 
cyclization domain. Some nucleotides were related 
to a specific genotype (^ in Figure 4a).

DISCUSSION
Multiple studies have tried to determine the 

relationships among DENV genotype, disease 
severity and epidemic potential. DENV genetic 
variation alone does not completely explain the 
incidence of severe disease or the magnitude of 
outbreaks, but the evidence is compelling for 
differences in virulence and epidemic potential 

among DENV lineages (32). Virus epidemic po-
tential could be conditioned by many factors, in-
cluding replication efficiency and vector infection 
and transmission potential. Dengue viremia titers 
are positively correlated with disease severity, and 
virus titer with vector infection (33-35).

Our results showed that American/Asian 
genotype viruses much more efficiently infected 
mosquitoes than the American genotype virus. 
Interestingly, all the viruses efficiently infected 
(Figura 1a) and replicated to similar titers in the 
midguts of Ae. aegypti Chetumal mosquitoes. 
However, the QRoo3315 DENV-2 did not effi-
ciently disseminate from the midgut to infect sec-
ondary target organs including the salivary glands 
even in this recently colonized mosquito strain 
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(Figure 1b). Unfortunately, in these analyses we 
only characterized one American genotype virus. 
Nonetheless our results add to and confirm he find-
ings for other American genotype dengue viruses 
using laboratory reared mosquitoes (15). 

Productive infection of the vector is the 
major determinant of transmission potential. Virus 
genotypes able to infect more efficiently mosquitoes 
will have a better chance of being transmitted and 
to have a greater epidemic potential. We previously 
demonstrated that Ae. aegypti from the Yucatan 
Peninsula were genetically homogeneous and 
extremely vector competent for DENV-2 Jam 1409 
(21,36). In this regard, we also determined the 
ability of the Yuc11936, 12914, 14497, and 14757 
(American/Asian) viruses to infect mosquitoes 
from a colony established from collections in 
Baja California. This Ae. aegypti Loreto strain 
showed to be much less vector competent than the 
Chetumal strain (37). All four of the Yuc viruses 
corresponding to the American/Asian genotype 
very efficiently infected, replicated to similar titers 
and disseminated as or more efficiently in the Ae. 
aegypti Loreto as in the Chetumal mosquitoes 
(data not shown).

Partial sequence analyses of the viruses 
were conducted to identify candidate molecular 
determinants of the productive infection of vectors. 
The rational to study the E protein was supported 
by the evidence that specific virulence phenotypes 
have been associated to amino acid changes in this 
protein (10,24-28). We found twelve amino acid 
changes between the QRoo3315 (American) and 
the other viruses corresponding to the American/
Asian genotype.

Two of the observed changes had been pre-
viously reported, these were: E-71 that relates to 
escape neutralization mutants; and E-390, which 
is located in the motif that may govern binding to 
host cell and associates also with genotype iden-
tity (Table 2, Figure 2). In the E protein, domain 
I contains the molecular hinge region involved in 
the conformational changes that take place at low 
pH in the endosome. Domain II contains the fusion 

peptide and is involved in the dimerization process. 
Finally, domain III is involved in virus attachment 
to its receptor and contains the carboxi-terminal 
Ig-like section. There are two glycosylated as-
paragines (Asn) on each E subunit: Asn-153 on 
domain I and Asn-67 on domain II. Domain III 
undergoes the most significant displacement in 
the dimer-to-trimer transition; this transition is 
irreversible, since trimers are a structurally more 
stable conformation for the E protein than dim-
mers (38).

Genotype identity seems to reside in E-390 
(Asn-Asp), thus this is critical in the transition from 
the Asian to American genotype. We consistently 
found that this change differentiated American 
from the American/Asian genotypes in our stud-
ied viruses. A very important amino acid change 
observed between the American (QRoo3315) and 
the American/Asian viruses was E-71 (Glu-Asp), 
which not only relates to neutralization escape 
mutants but also to neurovirulence. Thus, the Yuc 
American/Asian genotype viruses have at least this 
signature for a more virulent virus strain. 

Five out of the twelve changes amino acid 
changes found occurred in domain II, this domain 
has been recently associated with antibody binding 
by crystal structure analysis of the molecular com-
plexes (F. Rey, pers. commun.). Thus domain II is 
strongly related to the emergence of neutralization 
escape mutations. Some of the changes in domain I 
and II of the E protein could alter fusion efficiency 
and affect virulence as well. However, the effect on 
functionality of the several of the other identified 
changes (mostly the non-conservative) remains to 
be established.

Virus replication efficiency could condition 
the vectorial capacity and transmission potential 
by Ae. aegypti. Flavivirus genome translation and 
replication requires genome circularization with 
the intervention of the 5’ and 3’UTR sequence 
and structural elements, the non structural viral 
proteins (mostly NS5), and of some host cell 
protein (39-42). The 3’UTR contains motifs that 
are critical for translation and RNA synthesis 
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(30,43,44). The secondary structure in the 3’UTR 
is a central determinant of virus replication effi-
ciency and may also influence cell tropism, vec-
tor/host specificity, pathogenesis, and virulence 
(29,45-47).

Some of the differences between American 
and American/Asian genotype viruses in the 
3’UTR might be responsible of the different ability 
that dengue virus genotypes exhibit to replicate 
and disseminate in mosquito vector. So far, a 
more extended analysis using 3´UTR sequences 
reported to the GeneBank, showed coincidences 
in several of the found mutations supporting that 
this region may be an important determinant of 
the phenotypic differences between these two 
genotypes (Figure 4). However, further studies 
will be necessary to establish the actual role of 
each affected region in the 3´UTR. 

The differences between the American 
and American/Asian genotype viruses in the E 
gene and the 3’UTR are provocative, but further 
research will be necessary to determine if any of 
the differences itself condition efficient vector 
infection.

In addition, with the current availability 
of large scale sequence analysis, entire genomes 
can be analyzed, which will undoubtedly reveal 
additional candidates for mosquito infectivity 
(48,49). Infectious clone technology for 
flaviviruses (6) now permits unprecedented 
power to identify the specific mutations in the 
virus genomes that determine efficient productive 
vector infection by American/Asian genotype 
viruses and that condition DENV genotypic 
sweeps through tropical regions of the world.

ACKNOWLEDGEMENTS
This research was supported by NIH AI45430 and 

AI48740 grants. MIS was granted a scholarship by the 
Fogarty International Center (TW1130). We thank Dr. Den-
nis J. Pierro, Dr. Francisco Díaz Castrillón, and Dr. Kevin 
M. Myles for all their help and support.

REFERENCES
1. Derouich M, Boutayeb A, Twizell EH. A model of 

dengue fever. Biomed Eng Online 2003;2: 4.

2. Division of Disease Prevention and Control CDP, 
HCP/HCT, Pan American Health Organization. Re-
emergence of dengue in the Americas. Epidemiolog. 
Bull 1997;18: 1-6.

3. Romano CM, de Matos AM, Araújo ES, Villas-
Boas LS, da Silva WC, Oliveira OM, Carvalho KI, 
de Souza AC, Rodrigues CL, Levi JE, Kallas EG, 
Pannuti CS. Characterization of dengue virus type 2: 
new insights on the 2010 Brazilian epidemic. PLoS One 
2010;5(7):e11811.

4. Gomez-Dantes H, Willoquet JR. Dengue in the Amer-
icas: challenges for prevention and control. Cadernos 
de Saude Publica 2009;25: S19-S31.

5. Leitmeyer KC, Vaughn DW, Watts DM, Salas R, Vil-
lalobos I, de C, Ramos C, Rico-Hesse R. Dengue virus 
structural differences that correlate with pathogenesis. 
J Virol 1999;73: 4738-47.

6. Rico-Hesse R. Microevolution and virulence of dengue 
viruses. Adv Virus Res 2003;59: 315-41.

7. Lorono-Pino MA, Farfan-Ale JA, Zapata-Peraza 
AL, Rosado-Paredes EP, Flores-Flores LF, Garcia-
Rejon JE, Diaz FJ, Blitvich BJ, Andrade-Narvaez 
M, Jimenez-Rios E, Blair CD, Olson KE, Black WC, 
Beaty BJ. Introduction of the American/Asian genotype 
of dengue 2 virus into the Yucatan State of Mexico. Am 
J Trop Med Hyg 2004;71: 485-92.

8. Kochel TJ, Watts DM, Halstead SB, Hayes CG, Es-
pinoza A, Felices V, Caceda R, Bautista CT, Montoya 
Y, Douglas S, Russell KL. Effect of dengue-1 antibod-
ies on American dengue-2 viral infection and dengue 
haemorrhagic fever. Lancet 2002;360:310-2.

9. Rico-Hesse R, Harrison LM, Salas RA, Tovar D, Ni-
salak A, Ramos C, Boshell J, de Mesa MT, Nogueira 
RM, da Rosa AT. Origins of dengue type 2 viruses as-
sociated with increased pathogenicity in the Americas. 
Virology 1997;230: 244-51.

10.  Twiddy SS, Farrar JJ, Vinh Chau N, Wills B, Gould 
EA, Gritsun T, Lloyd G, Holmes EC. Phylogenetic 
relationships and differential selection pressures among 
genotypes of dengue-2 virus. Virology 2002;298: 63-
72.

11.  Díaz FJ, Black WC 4th, Farfán-Ale JA, Loroño-Pino 
MA, Olson KE, Beaty BJ. Dengue virus circulation 
and evolution in Mexico: a phylogenetic perspective. 
Arch Med Res 2006;37:760-73.

12.  Carrillo-Valenzo E, Danis-Lozano R, Velasco-
Hernández JX, Sánchez-Burgos G, Alpuche C, 
López I, Rosales C, Baronti C, de Lamballerie 
X, Holmes EC, Ramos-Castañeda J. Evolution of 
dengue virus in Mexico is characterized by frequent 
lineage replacement. Arch Virol 2010;155:1401-12.

13.  Vaughn DW, Green S, Kalayanarooj S, Innis BL, 
Nimmannitya S, Suntayakorn S, Endy TP, Raeng-

Vol. 21, No. 3, septiembre-diciembre de 2010

Mosquito productive infection by genotypes



134

sakulrach B, Rothman AL, Ennis FA, Nisalak A. 
Dengue viremia titer, antibody response pattern, and 
virus serotype correlate with disease severity. J Infect 
Dis 2000; 181: 2-9.

14.  Libraty DH, Young PR, Pickering D, Endy TP, Ka-
layanarooj S, Green S, Vaughn DW, Nisalak A, Ennis 
FA, Rothman AL. High circulating levels of the dengue 
virus nonstructural protein NS1 early in dengue illness 
correlate with the development of dengue hemorrhagic 
fever. J Infect Dis 2002; 186: 1165-8.

15.  Anderson JR, Rico-Hesse R. Aedes aegypti vectorial 
capacity is determined by the infecting genotype of 
dengue virus. Am J Trop Med Hyg 2006; 75: 886-92.

16. Armstrong PM, Rico-Hesse R. Differential 
susceptibility of Aedes aegypti to infection by the 
American and Southeast Asian genotypes of dengue 
type 2 virus. Vector Borne Zoonotic Dis 2001; 1: 159-
68.

17. Armstrong PM, Rico-Hesse R. Efficiency of dengue 
serotype 2 virus strains to infect and disseminate in Ae-
des aegypti. Am J Trop Med Hyg 2003; 68: 539-44.

18. Vasilakis N, Shell EJ, Fokam EB, Mason PW, Han-
ley KA, Estes DM, Weaver SC. Potential of ancestral 
sylvatic dengue-2 viruses to re-emerge. Virology 2007; 
358: 402-12.

19. Rico-Hesse R. Molecular evolution and distribution of 
dengue viruses type 1 and 2 in nature. Virology 1990; 
174:479-93.

20. Lanciotti RS, Lewis JG, Gubler DJ, Trent DW. 
Molecular evolution and epidemiology of dengue-3 
viruses. J Gen Virol 1994; 75:65-75.

21.  Bennett KE, Olson KE, Munoz ML, Fernandez-
Salas I, Farfan JA, Higgs S, Black WC 4th, Beaty 
BJ. Variation in vector competence for dengue 2 virus 
among 24 collections of Aedes aegypti from Mexico and 
United States. Am J Trop Med Hyg 2002;67: 84-92.

22. Salazar MI, Richardson J, Sánchez-Vargas IJ, Olson 
KE, Beaty BJ.  Dengue virus type 2: replication and 
tropism in orally infected Aedes aegypti mosquitoes. 
BMC Microbiol 2007; 7: 9.

23. Hrobowski YM, Garry RF, Michael SF. Peptide 
inhibitors of dengue virus and West Nile virus 
infectivity. Virol J 2005; 2: 49.

24. Guirakhoo F, Hunt AR, Lewis JG, Roehrig JT. Se-
lection and partial characterization of dengue 2 virus 
mutants that induce fusion at elevated pH. Virology 
1993; 194:219-23.

25. Pierro DJ, Salazar MI, Beaty BJ, Olson KE. Infec-
tious clone construction of dengue virus type 2, strain 
Jamaica 1409 and characterization of a conditional 
mutant in the envelope protein. J Gen Virol 2006; 87: 
2263-68.

26. Lee E, Weir RC, Dalgarno L. Changes in the dengue 

virus major envelope protein on passaging and their 
localization on the three-dimensional structure of the 
protein. Virology 1997; 232:281-90.

27. Lok SM, Ng ML, Aaskov J. Amino acid and pheno-
typic changes in dengue 2 virus associated with escape 
from neutralisation by IgM antibody. J Med Virol 2001; 
65:315-23.

28. Pryor MJ, Carr JM, Hocking H, Davidson AD, Li 
P, Wright PJ. Replication of dengue virus type 2 in 
human monocyte-derived macrophages: comparisons 
of isolates and recombinant viruses with substitutions 
at amino acid 390 in the envelope glycoprotein. Am J 
Trop Med Hyg 2001; 65:427-34.

29. Romero TA, Tumban E, Jun J, Lott WB, Hanley 
KA. Secondary structure of dengue virus type 4 3’ 
untranslated region: impact of deletion and substitution 
mutations. J Gen Virol 2006; 87: 3291-6.

30. Chiu WW, Kinney RM, Dreher TW. Control of trans-
lation by the 5’- and 3’-terminal regions of the dengue 
virus genome. J Virol 2005; 79: 8303-15.

31. Lo MK, Tilgner M, Bernard KA, Shi PY. Functional 
analysis of mosquito-borne flavivirus conserved se-
quence elements within 3’ untranslated region of West 
Nile virus by use of a reporting replicon that differenti-
ates between viral translation and RNA replication. J 
Virol 2003; 77: 10004-14.

32. Lambrechts L, Chevillon C, Albright RG, Thai-
somboonsuk B, Richardson JH, Scott TW. Genetic 
specificity and potential for local adaptation between 
dengue viruses and mosquito vectors. PLoS Negl Trop 
Dis 2009; 3:e468.

33. Schoepp RJ, Beaty BJ, Eckels KH. Infection of 
Aedes albopictus and Aedes aegypti mosquitoes with 
dengue parent and progeny candidate vaccine viruses: a 
possible marker of human attenuation. Am J Trop Med 
Hyg 1991; 45:202-10.

34. Vaughn DW, Green S, Kalayanarooj S, Innis BL, 
Nimmannitya S, Suntayakorn S, Endy TP, et al. 
Dengue viremia titer, antibody response pattern, and 
virus serotype correlate with disease severity. J Infect 
Dis 2000;181(1): 2-9.

35. Wang WK, Chao DY, Kao CL, Wu HC, Liu YC, Li 
CM, et al. High levels of plasma dengue viral load dur-
ing defervescence in patients with dengue hemorrhagic 
fever: implications for pathogenesis. Virology 2003; 
305:330-338.

36. Gorrochotegui-Escalante N, Gomez-Machorro C, 
Lozano-Fuentes S, Fernandez-Salas I, Munoz ML, 
Farfan-Ale  JA, et al. Breeding structure of Aedes 
aegypti populations in Mexico varies by region. Am J 
Trop Med Hyg 2002; 66:213-22.

37. Salazar-Sánchez MI. Dissertation: Determinants of 
dengue type 2 virus infection in the mosquito Aedes 

Revista Biomédica

Salazar et al.



135

aegypti. Publication Number: 3226153. Colorado State 
University 2006; 165 pp.

38. Modis Y, Ogata S, Clements D and Harrison SC. 
Structure of the dengue virus envelope protein after 
membrane fusion. Nature 2004; 427:313-9.

39. De Nova-Ocampo M, Villegas-Sepulveda N, del An-
gel RM. Translation elongation factor-1alpha, La, and 
PTB interact with the 3’ untranslated region of dengue 
4 virus RNA. Virology 2002; 295:337-47.

40. Yocupicio-Monroy RM, Medina F, Reyes-del Valle 
J, del Angel RM. Cellular proteins from human 
monocytes bind to dengue 4 virus minus-strand 3’ 
untranslated region RNA. J Virol 2003; 77:3067-76.

41. Yocupicio-Monroy M, Padmanabhan R, Medina 
F, del Angel RM. Mosquito La protein binds to the 3’ 
untranslated region of the positive and negative polarity 
dengue virus RNAs and relocates to the cytoplasm of 
infected cells. Virology 2007; 357:29-40.

42. Filomatori CV, Lodeiro MF, Alvarez DE, Samsa 
MM, Pietrasanta L, Gamarnik AV. A 5’ RNA element 
promotes dengue virus RNA synthesis on a circular 
genome. Genes Dev 2006; 20:2238-49.

43. Alvarez DE, Lodeiro MF, Luduena SJ, Pietrasanta 
LI, Gamarnik AV. Long-range RNA-RNA interactions 
circularize the dengue virus genome. J Virol 2005; 79: 

6631-43.
44. Holden KL, Harris E. Enhancement of dengue virus 

translation: role of the 3’ untranslated region and the 
terminal 3’ stem-loop domain. Virology 2004; 329:119-
33.

45. Yu L, Markoff L. The topology of bulges in the long 
stem of the flavivirus 3’ stem-loop is a major determi-
nant of RNA replication competence. J Virol 2005; 79: 
2309-24.

46. Gritsun TS, Gould EA. Direct repeats in the 3’ untrans-
lated regions of mosquito-borne flaviviruses: possible 
implications for virus transmission. J Gen Virol 2006; 
87:3297-305.

47. Alvarez DE, De Lella Ezcurra AL, Fucito S, 
Gamarnik AV. Role of RNA structures present at the 
3’UTR of dengue virus on translation, RNA synthesis, 
and viral replication. Virology 2005; 339:200-12.

48. King CC, Chao DY, Chien LJ, Chang GJ, Lin TH, 
Wu YC, et al. Comparative analysis of full genomic 
sequences among different genotypes of dengue virus 
type 3. Virol J 2008; 5:63.

49. Klungthong C, Zhang C, Mammen MP Jr, Ubol S, 
Holmes EC. The molecular epidemiology of dengue 
virus serotype 4 in Bangkok, Thailand. Virology 2004; 
329:168-79.

Vol. 21, No. 3, septiembre-diciembre de 2010

Mosquito productive infection by genotypes


