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Abstract.

Dengue is currently regarded as a major public health problem worldwide. In a hyperendemic region

during an outbreak, we detected the co-circulation of all Dengue virus (DENV) serotypes including two different
genotypes of DENV-3 and DENV-4, and concurrent infections with up to three serotypes were identified in symptomatic
patients. A total of 49 acute phase plasma samples from patients clinically suspected of dengue were collected during the
4 weeks of May 2013. DENV-1-4 was detected by reverse transcriptase semi-nested polymerase chain reaction in
33 samples (67.3%), of which 26 DNA fragments were sequenced. Twenty samples (76.9% ) were identified with a
single DENV serotype and six (23.1%) with more than one serotype. DENV-3 was the predominant serotype of the
outbreak. On the basis of phylogenetic analyses, DENV-1 isolates belong to genotype V, DENV-2 to American—Asian
genotype, DENV-3 to genotypes I and III, and DENV-4 to genotypes I and II.

Dengue is currently regarded globally as the most important
mosquito-borne viral disease as it is a major public health
problem worldwide.! The disease is caused by four antigeni-
cally and genetically distinct viruses designated dengue virus 1-
4 (DENV-1-4), which are subdivided into distinct genotypes.>”
DENVs are transmitted by mosquito vectors, primarily Aedes
aegypti.* DENV infection is often unapparent but can lead to
a wide range of clinical manifestations from mild disease to
severe dengue cases with bleeding, plasma leakage, and shock.

In dengue-endemic countries, the co-circulation of multiple
DENYV serotypes in the same area has been described with
concurrent infections."® The first reported case of concur-
rent infection with two serotypes (DENV-1 and DENV-4)
occurred in Puerto Rico in 1982.* Since this time, dual infec-
tions have been reported in locals in New Caledonia, Taiwan,
China, Singapore, and India. In 1999, an infection with three
serotypes (DENV-1/DENV-3/DENV-4) was detected in two
patients from Indonesia and one from Mexico.**

In this study, we report, for the first time in Brazil, the co-
circulation and coinfection of DENV-1-4 during a severe out-
break in an endemic area of southeast Brazil. Our data raise
new questions about biological and public health aspects related
to dengue occurrence in Brazil.

The study was performed in Contagem, Minas Gerais, which
borders the city of Belo Horizonte (state capital), and it has
an area of 195,268 km? with approximately 603,442 inhabi-
tants. In 2013, Contagem underwent a dengue epidemic with
the highest number of notified cases that has been ever
recorded (23,436) and three deaths. In May 2013, a total of
49 acute phase plasma samples were collected during 4 weeks
from clinically suspected dengue patients admitted to Geraldo
Pinto Vieira Hospital in Contagem. Until this month, 22,808
(97.3%) cases had been reported. This research was approved
by the Ethical Committee of UFMG. The residential addresses
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of DENV-positive patients are plotted on the map of Contagem
shown in Figure 1.

Viral RNA was extracted from plasma samples using the
QIAmp® Viral RNA Extraction Kit (QIAGEN Inc., Valencia,
CA) and used to synthesize complementary DNA (cDNA)
with random primer (Invitrogen, Carlsbad, CA). The semi-
nested polymerase chain reaction (PCR) assay targeting the
C-prM region of DENV genome used in this study distin-
guishes the four serotypes by the size of the products, as
described by Lanciotti and others, with modifications.” In
the first step, a highly conserved primer pair D1 (forward)
and D2 (reverse) is used to amplify a 511-bp external prod-
uct. A second round PCR reaction is performed using the
external product as template and the D1 primer in combina-
tion with each of the four serotype-specific reverse primers
TS1, TS2, TS3, and TS4 separately. The expected sizes of
the PCR products are 482 bp (D1 and TS1 for DENV-1),
119 bp (D1 and TS2 for DENV-2), 290 bp (D1 and TS3
for DENV-3), and 392 bp (D1 and TS4 for DENV-4). To
obtain larger DNA fragments for sequencing, the cDNA of
some DENV-2 and DENV-3 positive samples were used as
template in an alternative semi-nested PCR with the forward
primer D1.1 (5-CGA GAA ACC GCG TGT CAA C-3')in a
second round reaction, designed to amplify a 490-bp product.®

The DNA fragments obtained from semi-nested PCR were
purified (MinElute PCR Purification Kit; QIAGEN Inc.) and
sequenced in both directions (Applied Biosystems 3730 DNA
sequencer; Life Technologies, Carlsbad, CA). A basic local
alignment search tool (BLAST) search was carried out to con-
firm the identity of the viruses. Nucleotide sequences were
aligned using the software MUSCLE (European Molecular
Biology Laboratory, European Bioinformatics Institute,
Hinxton, Cambridge, United Kingdom). We performed an anal-
ysis based on the maximum likelihood (ML) method. Selection
of the best-fit nucleotide substitution model was performed
using jModelTest (Free Software Foundation, Inc., Boston,
MA).? Phylogenetic tree reconstruction using ML methods was
performed in PhyML v.3.1 (French National Institute of Bio-
informatics, Gif-sur-Yvette, France) with 100 bootstrap repli-
cates with the use of the Akaike information criterion.'
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FIGURE 1.

Spatial distribution of Dengue virus positive infections. QUANTUM GIS version 2.0.1 software was used, and the database of

Contagem was provided by Prefeitura Municipal de Contagem. For addresses outside this city, Google Earth was used.

From 49 tested samples, 33 (67.3%) were positive for
DENYV RNA by reverse transcriptase semi-nested PCR, of
which 26 DNA fragments were sequenced. Twenty samples
(76.9%) were identified with a single DENV serotype: eight
(40%) as DENV-3, five (25%) as DENV-4, four (20%) as
DENV-2, and three (15%) as DENV-1. Six samples were
identified with more than one serotype resulting in an over-
all rate of concurrent infections of 23.1% with the follow-
ing distribution: four (15.4%) with two DENV serotypes
(50% with DENV-2 and DENV-3, 25% with DENV-3 and
DENV+4, and 25% with DENV-2 and DENV-4); and two cases
(7.7%) with three DENV serotypes (DENV-2, DENV-3,
and DENV-4). DENV-3 was detected in 13 (50%) samples,
including those with single or concurrent infections, and was
the predominant serotype of the outbreak. These sequences
have been deposited in GenBank.

Considering a number of 22 identified patients (Table 1)
with equal gender rate, only three samples were from adoles-
cents, while the others were from adults. The onset of symp-
toms of all patients was between epidemiological weeks 19
and 22 of 2013. Samples from 21 patients were subjected to
serological tests, of which 12 were IgM positive. The two
patients with DENV-1 detection had the lowest platelet counts.
All patients with a clinical diagnosis in the notification form

were considered to have dengue without warning signs, even
the patients with coinfections.

The positive dengue cases were concentrated in the Eldorado
and Industrial health districts of Contagem (Figure 1), which
are the most populous and urbanized areas. Patients from
other cities were also admitted in the hospital because they
were working in Contagem.

On the basis of phylogenetic analyses, the DENV-1 isolates
belong to genotype V (Figure 2A). The DENV-2 sequences
grouped with the American—-Asian genotype (Figure 2B), the
DENV-3 samples to genotypes I and III (Figure 2C), and the
DENV-4 samples to genotype I and II (Figure 2D). All these
DENYV genotypes are circulating in Brazil.

In areas where multiple DENV serotypes are transmitted
concurrently, clinical cases caused by more than one serotype
of DENV may be more common than previously thought.
The high attack rates that occur during epidemics also pro-
vide opportunities for mosquitoes to become infected with
two or more DENV serotypes.®

To our knowledge this is the first report that clearly dem-
onstrates the presence of the four DENV serotypes and more
than one genotype for DENV-3 and DENV-4, in addition to
the occurrence of concurrent infections with two or three
serotypes during a short period in a hyperendemic region.
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TABLE 1
Clinical and epidemiological data from DENYV positive patients
Patient ID DENV serotype DENYV genotype Age (years)/sex Onset of symptoms EW/2013 Blood collection for IgM IgM Platelet count/mm?

MG2/2013 1 \'% 16/M May 11, 2013 19 May 17, 2013 R 54,000
MG13/2013 1 \% 37/F May 14, 2013 20 May 20, 2013 R 89,000
MG16/2013 1 \'% NA NA NA NA NA NA
34C 2 A/A 40/F May 22, 2013 21 May 27, 2013 NR 210,000
28C 2 A/A 24/F May 11, 2013 19 May 16, 2013 R 153,000
27C 2 A/A NA NA NA NA NA NA
29C 2 A/A 45/F May 12, 2013 20 May 17, 2013 R 140,000
14C 3 I 47/M May 13, 2013 20 May 17, 2013 R 159,000
MG10/2013 3 I 52/M May 20, 2013 21 May 26, 2013 NR 249,000
MG11/2013 3 111 40/F May 27, 2013 22 May 27, 2013 R 226,000
MG18/2013 3 111 53/M May 10, 2013 19 May 16, 2013 R NA
MG19/2013 3 11T NA NA NA NA NA NA
MG23/2013 3 111 20/F May 10, 2013 19 May 16, 2013 NR NA
MG50/2013 3 III NA NA NA NA NA NA
33BH 3 III 39/M May 13, 2013 20 May 18, 2013 R 197,000
MG49/2013 4 II 50/M May 26, 2013 22 May 27, 2013 NR 186,000
7C 4 11 44/F May 23, 2013 21 May 31, 2013 R 190,000
21BH 4 I 52/F May 11, 2013 19 May 16, 2013 NR NA
MG22/2013 4 I 21/M May 10, 2013 19 May 16, 2013 NR NA
31C 4 I 26/F May 10, 2013 19 May 16, 2013 R 292,000
MG38/2013 2,3 A/A, 1 43/F May 11, 2013 19 May 17, 2013 R 144,000
MG36/2013 2,3 A/A, 1 38/M May 17, 2013 20 May 23, 2013 NR 223,000
40BH 2,4 A/A, T 17/M May 24, 2013 21 June 3, 2013 NR 161,000
MG25/2013 34 II1, 11 15/M May 10, 2013 19 May 15, 2013 NR NA
MG39/2013 2,3,4 A/A, LTI 23/M May 12, 2013 20 NA TND 178,000
MG41/2013 2,3,4 A/A LT 66/F May 11, 2013 19 May 17, 2013 R 209,000

A/A = American/Asian; DENV = dengue virus; EW = epidemiological week of onset of symptoms; ID = identification; NA = not available; NR = not reactive; R = reactive; TND = test not

done.

In Brazil, a coinfection with DENV-1 and DENV-2 was
reported in 2001, DENV-2 and DENV-3 in 2005, and
DENV-3 and DENV-4 among 674 patients with acute undif-
ferentiated fever from the Tropical Medicine Reference
Center of Manaus, Amazonas, between 2005 and 2010. Hence,
coinfection with distinct DENV serotypes during outbreaks
may be expected."!

It has been postulated that concurrent infections by multi-
ple DENYV serotypes may influence the clinical course of the
disease. This is considered as a single major factor for the
emergence of severe dengue, but larger studies are needed to
prove this association.'

In a hyperendemic scenario, besides coinfections, the num-
ber of secondary infections also increases. Secondary infec-
tions with a different DENV serotype are major risk factors
for severe diseases because of antibody-dependent enhance-
ment mechanism.”

The co-circulation of genetically distinct DENV, even at the
genotype level, detected in Contagem in 2013 and the occur-
rence of concurrent infections could impact recombination
events and lead to the emergence of more virulent isolates."?
The introduction of a new DENV serotype and a distinct
genotype into a new area highlights the potential for epi-
demics. Indeed the presence of a serotype against which the
population is not immunized indicates a risk for a sharp
increase in the number of DENV infections, including severe
cases."* DENV-3 genotype I, detected in six patients in this
study, has the potential to cause a more severe disease and
has a neurotrophic potential in mice model, nonetheless these
patients were selected based on classical dengue symptoms.'?

The study revealed the co-circulation of DENV-1-4 in a
hyperendemic region, and DENV-3 was dominant during
this 4-week survey. Concurrent infections occurred at a rate
of 23.1% in dengue cases in which the patients recovered

without complications. Six different genotypes were found
co-circulating during the outbreak. DENV-3 genotypes I
and III and DENV-4 genotypes I and II were detected along
with genotypes V and American—-Asian for DENV-1 and
DENV-2, respectively.

These results highlight the genetic variability of circulating
DENYV strains and contribute to better comprehend the den-
gue epidemiology. Furthermore, these data strengthen the
need for improvements on vector surveillance and control
and represent a challenge for efficient multivalent vaccine
development as well.
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FiGUure 2. Phylogenetic trees of dengue virus (DENV) 1, 2, 3, and 4 based on the partial sequence of the C-prM DENV gene. Phylogenetic
tree construction using maximum likelihood (ML) methods was performed in PhyML. Bootstrap supporting values greater than 50 are shown at
the nodes. Roman numerals denote the different genotypes of DENV-1-4. The phylogenetic trees were based on the partial nucleotide sequence
of the C-prM gene. The best-fit model was based on Akaike information criterion. Phylogenetic trees: (A) DENV-1: TIM1 with gamma correc-
tion (TIM1 + G). (B) DENV-2: TIM1 with estimated invariable site (TIM3 + I). (C) DENV-3: TIM1 with estimated invariable site (TIM2 + I).
(D) DENV-4: TPM2 + G with TIM1 with gamma correction (TIM3 + I). Samples from Contagem are indicated by an arrow.
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