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In 2008, dengue virus serotype 4 (DENV-4) emerged
in northeastern Peru, causing a large outbreak and dis-
placing DENV-3, which had predominated for the previous
6 years. Phylogenetic analysis of 2008 and 2009 isolates
support their inclusion into DENV-4 genotype I, forming a
lineage distinct from strains that had previously circulated
in the region.

nfection by any 1 of 4 distinct dengue virus serotypes

(DENV-1 through DENV-4) can result in disease mani-
festations ranging from asymptomatic or mild to severe
outcomes, including dengue hemorrhagic fever (DHF)
and dengue shock syndrome. Several lines of evidence
point toward secondary infection by a heterologous sero-
type as one of the critical risk factors for DHF (1), under-
scoring the need to monitor circulating DENV serotypes
and genotypes.

In Latin America, >30 countries and regions have re-
ported DENV circulation, totaling >900,000 dengue fever
cases, 26,000 DHF cases, and 300 deaths in 2007 (2). Fol-
lowing the breakdown of a hemisphere-wide Aedes aegypti
mosquito eradication campaign conducted in the mid-20th
century, vector populations expanded and all 4 DENV se-
rotypes reemerged or were reintroduced into the Western
Hemisphere. Outbreaks of DENV-2 and DENV-3 were
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first detected in the 1960s, followed by the introduction of
DENV-1in 1977 and DENV-4 in 1981 (3,4).

Since its introduction into the Americas in 1981,
DENV-4 has circulated continuously in the Caribbean ba-
sin (5) and northern South America with little evidence of
widespread transmission further south into the continent
during the past 25 years (4,6,7). We report the emergence
of DENV-4 strains belonging to genotype II in the tropical
rainforest and coastal regions of northern Peru, replacing
DENV-3 subtype III (8) as the predominant strain in the
region.

The Study

Patients with acute, undifferentiated, febrile illness were
recruited into a clinic-based surveillance study conducted
jointly by the US Naval Medical Research Center Detach-
ment (NMRCD) and the Peruvian and Ecuadorian Institutes
of Health (Figure 1). Study protocols (NMRCD.2000.0006
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Figure 1. Map of study sites in Ecuador, Peru, and Venezuela.
The study in Peru and Ecuador was operated jointly by the US
Naval Medical Research Center Detachment with each country’s
Institutes of Health. Samples from Venezuela were collected in
and around Maracay through the Aragua State Epidemiologic
Surveillance Program from patients with suspected dengue virus
(DENV) infection. Cities denoted by filled circles indicate study
sites where DENV serotype 4 strains were isolated, whereas open
circles denote active study sites where no DENV—4 circulation was
detected during the course of the study.
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[Peru] and NMRCD.2001.0002 [Ecuador]) were approved
by the Naval Medical Research Center Institutional Review
Boards in compliance with all US federal regulations gov-
erning the protection of human subjects.

Patient sera were injected onto African green monkey
Vero cells or Ae. albopictus C6/36 cells and examined for
a range of arboviruses, including all 4 DENV serotypes,
by immunofluorescent assay. From 2000 through 2008,
DENV-3 (1,572 isolates) was the dominant serotype in
circulation in the study sites, followed by DENV-1 (205
isolates) and DENV-2 (87 isolates). From the initiation of
the study in May 2000 until February 2006, DENV-4 circu-
lation was rarely detected in the NMRCD-affiliated study
sites in either country; the exceptions were a small number
of isolates in 2000 in Tumbes, Peru (n = 2) and Guyaquil,
Ecuador (n = 6).

Low-level DENV-4 transmission was again detected
in Ecuador and coastal Peru during 2006 and 2007, in iso-
lates from patients in Tumbes, Trujillo, and Guayaquil,
none of whom had reported recent history of travel outside
their respective areas. DENV-4 continued to circulate in
sites along the northern coast of Peru in 2008 and 2009, in
co-circulation with DENV-1. In February 2008, DENV-4
spread to the cities of Iquitos and Yurimaguas, located in
the Loreto Department in the tropical rainforest region of
northeastern Peru. By October 2008, DENV-4 had nearly
completely displaced DENV-3, which had been the only
serotype detected in the region during the previous 3 years.
Nine (56%) of 16 DENV isolates obtained from febrile pa-
tients in August 2008, 55 (85%) of 65 isolates obtained in
September 2008, and 305 (98%) of 311 isolates obtained
from October 2008 through February 2009 were DENV-4.
After the introduction of DENV-4, the total number of
DENV-3 isolates decreased during peak months of DENV
transmission (October through February) from 176 during
2006-2007 and 420 during 2007-2008 to <10 isolates dur-
ing the same period in 2008-2009. More recently (March
2009), DENV-4 strains have spread south to Lima, the
capital city of Peru, causing a small, localized outbreak on
a military base.

To characterize the DENV-4 isolates, a 1,485-bp se-
quence covering the entire mature envelope (E) gene was
amplified and sequenced from a representative set of vi-
ruses from Guayaquil (n = 6), Tumbes (n = 6), Piura (n =
2), Trujillo (n = 1), Iquitos (n = 9), Yurimaguas (n = 7),
and Lima (n = 2), all collected during 2000 through 2009.
Isolates collected in Peru since 2006 shared >99.5% nucle-
otide identity but exhibited <97% identity with DENV-4
strains collected in Ecuador and coastal Peru in 2000. At
the amino acid level, the 2006-2009 isolates were nearly
invariant, with <I amino acid difference.

For further characterization, the DENV-4 strains
from Ecuador and Peru were compared with DENV-4 se-
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quences from Latin America (9,10) and Southeast Asia
(11) available from the GenBank database. In addition,
to provide a wider array of recent isolates from the Ca-
ribbean region, DENV-4 isolated from febrile patients in
Aragua State, Venezuela (n = 15) collected during 2000
through 2007 were sequenced. Based on phylogenetic
analyses, all DENV-4 isolates belong to genotype II (data
not shown), although the 2006-2009 isolates segregated
into a markedly different clade than the strains from 2000
(Figure 2). The 2000 isolates clustered more closely with
a previous 1994 Ecuador isolate (9), related to the initial
1981 Caribbean introduction DENV-4 strains (designated
as subtype A). The 2006-2009 isolates were most closely
related to recent DENV-4 isolates from Venezuela, with as
low as 0.8% nucleotide divergence, and formed a lineage
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Figure 2. Phylogenetic analysis of the envelope gene of dengue
virus serotype 4 (DENV-4) strains from Ecuador, Peru, and
Venezuela. Similar topologies were observed from neighbor-joining
(depicted), maximum likelihood, and maximum parsimony analyses,
implemented in PAUP* v.4.0b10 (12). The general time reversible
model of evolution was used for neighbor-joining and maximum-
likelihood analyses. DENV-4 genotype | strains (not shown)
were included as an outgroup. Bootstrap values (based on 1,000
replicates) >65 are shown at major nodes. Isolates first reported
in this study are shown in boldface and with sample identification
code. Some sequenced isolates from Peru and Venezuela that
share high nucleotide identity (>99.7%) with depicted strains were
omitted to reduce redundancy and improve clarity of the figure.
Sequences were deposited in the GenBank database under the
accession nos. GQ139572-GQ139577 (Ecuador), GQ139547—
GQ139571 (Peru), and GQ139578-GQ139591 (Venezuela). Scale
bar indicates number of nucleotide substitutions per site.
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distinct from previously published DENV-4 Caribbean
basin strains (9,10), with strong bootstrap support (Figure
2). This lineage is distinguished from previously reported
DENV-4 genotype II strains by 3 conserved amino acid
variations in the E protein: S64L, A235T, and S403A.

Conclusions

We report DENV-4 expanding rapidly through north-
ern Peru, particularly in the Loreto Department in the tropi-
cal rainforest region, spreading through a population im-
munologically naive to this serotype. In the past 2 decades,
populations in northern Peru have been exposed to the
other 3 DENV serotypes, thus increasing the possibility for
severe disease, including DHF. In Iquitos, DHF was first
reported during a DENV-3 epidemic in 2004 (M. Sihuincha
and C. Rocha, pers. comm.). DHF had not been observed
after the introduction of DENV-2 despite large numbers of
infected residents (13), presumably due to cross-protection
afforded by prior infection with DENV-1 (14). For the cur-
rently circulating lineage of DENV-4, the levels of either
cross-protection or antibody-dependent enhancement of in-
fection resulting from prior heterologous infection remain
to be determined.

The mechanisms responsible for DENV-3 displace-
ment in Loreto are unclear. Following several years of
DENV-3 circulation in the region, serotype-specific anti-
body prevalence is high (=45% of the population, based
on virus neutralization assays [T.J. Kochel, unpub. data]).
However, it is unlikely that herd immunity is sufficient to
explain the dramatic decrease in DENV-3 transmission. The
presence of broadly cross-protective antibodies during the
acute and early convalescent phases following DENV-4 in-
fection, when combined with the large number of DENV-3
immune persons, could suppress transmission of DENV-3
strains (15). Another possibility is serotype competition
within the vector species. Analysis of virus strains from Ae.
aegypti mosquitoes collected during the transitional period
could help elucidate whether such intertypic competition
is occurring.

Genetically, the 2006-2009 isolates analyzed in this
study do not appear to be related to viruses collected from
Ecuador and northern Peru during 2000, which were simi-
lar to the initial Latin American introduction strains (Fig-
ure 2). Instead the 2006-2009 isolates were most closely
related to viruses from Venezuela collected during 2000
through 2007, forming a lineage distinct from the DENV-4
genotype I B4 lineage (10). Genetic conservation among
isolates from Peru and similarity with isolates from Ven-
ezuela support an introduction event into northern Peru
and Ecuador from the northern region of South America
before 2006, and a subsequent introduction from coastal
Peru into Loreto, although more data from other regions
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of South America and the Caribbean basin would be nec-
essary to more clearly delineate the geographic spread of
this virus strain.

Acknowledgments

We thank Rebeca Carrion for invaluable coordination of
field sites in Iquitos, Roxana Caceda and Juan Sulcra for excellent
technical assistance in the laboratory, and Tatiana Saldarriaga and
Victor Ocafia for sample collection in Tumbes and Piura, respec-
tively. We also thank the Peruvian and Ecuadorian Ministries of
Health for their support of these surveillance activities and Al-
berto Laguna-Torres for critical reading of the manuscript.

This study was supported by the United States Department of
Defense Global Emerging Infections Systems Research Program,
Work Unit No. 847705.82000.25GB.B0016. The sponsor had no
role in this study other than providing funding.

Dr Forshey is a staff scientist with the US Naval Medical
Research Center Detachment. He is based in Iquitos, Peru, where
his research interests are focused on the epidemiology of vector-
borne diseases and mechanisms of virus emergence.

References

1. Gubler DJ. Dengue/dengue haemorrhagic fever: history and current
status. Novartis Found Symp. 2006;277:3-16; discussion 16-22,
71-3,251-3.

2. Pan American Health Organization (PAHO). Number of reported
cases of dengue and dengue hemorrhagic fever (DHF), region of the
Americas (by country and subregion) [cited 2008 Dec 20]. Avail-
able from http://www.paho.org/english/AD/DPC/CD/dengue-cases-
2007.htm

3. Guzman MG, Kouri G. Dengue and dengue hemorrhagic fever in the
Americas: lessons and challenges. J Clin Virol. 2003;27:1-13. DOIL:
10.1016/S1386-6532(03)00010-6

4. Pinheiro F, Nelson M. Re-emergence of dengue and emergence
of dengue haemorrhagic fever in the Americas. Dengue Bulletin.
1997;21:1-6.

5. Bennett SN, Holmes EC, Chirivella M, Rodriguez DM, Beltran
M, Vorndam V, et al. Selection-driven evolution of emergent den-
gue virus. Mol Biol Evol. 2003;20:1650-8. DOI: 10.1093/molbev/
msgl82

6. Nogueira RM, de Araujo JM, Schatzmayr HG. Dengue viruses in
Brazil, 1986-2006. Rev Panam Salud Publica. 2007;22:358-63.
DOL: 10.1590/S1020-49892007001000009

7. Wilson ME, Chen LH. Dengue in the Americas. Dengue Bulletin.
2002;26:44-61.

8. Kochel T, Aguilar P, Felices V, Comach G, Cruz C, Alava A, et al.
Molecular epidemiology of dengue virus type 3 in northern South
America: 2000-2005. Infect Genet Evol. 2008;8:682-8. DOI:
10.1016/j.meegid.2008.06.008

9. Foster JE, Bennett SN, Vaughan H, Vorndam V, McMillan WO, Car-
rington CV. Molecular evolution and phylogeny of dengue type 4
virus in the Caribbean. Virology. 2003;306:126—34. DOI: 10.1016/
S0042-6822(02)00033-8

10. Dussart P, Lavergne A, Lagathu G, Lacoste V, Martial J, Morvan J, et
al. Reemergence of dengue virus type 4, French Antilles and French
Guiana, 2004-2005. Emerg Infect Dis. 2006;12:1748-51.

1817



DISPATCHES

11.

12.

13.

Klungthong C, Zhang C, Mammen MP Jr, Ubol S, Holmes EC.
The molecular epidemiology of dengue virus serotype 4 in Bang-
kok, Thailand. Virology. 2004;329:168-79. DOI: 10.1016/j.
virol.2004.08.003

Swofford DL. PAUP*: phylogenetic analysis using parsimony (*and
other methods). Version 4. Sunderland (MA): Sinauer Associates;
1998.

Watts DM, Porter KR, Putvatana P, Vasquez B, Calampa C,
Hayes CG, et al. Failure of secondary infection with American
genotype dengue 2 to cause dengue haemorrhagic fever. Lancet.
1999;354:1431-4. DOI: 10.1016/S0140-6736(99)04015-5

Search

past issues

EID

onhline

www.cdc.gov/eid

14.

Kochel TJ, Watts DM, Halstead SB, Hayes CG, Espinoza A, Felices
V, et al. Effect of dengue-1 antibodies on American dengue-2 viral
infection and dengue haemorrhagic fever. Lancet. 2002;360:310-2.
DOI: 10.1016/S0140-6736(02)09522-3

Adams B, Holmes EC, Zhang C, Mammen MP Jr, Nimmannitya S,
Kalayanarooj S, et al. Cross-protective immunity can account for the
alternating epidemic pattern of dengue virus serotypes circulating
in Bangkok. Proc Natl Acad Sci U S A. 2006;103:14234-9. DOI:
10.1073/pnas.0602768103

Address for correspondence: TadeuszJ. Kochel, 3230 Lima P1, Washington,
DC, 205213230, USA; email: tad.kochel@med.navy.mil

D
G

e 99°

(e

Disease emergence and control.

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 15, No. 11, November 2009





