The 2013 outbreak of DENV in
Guaruja
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Commentary

Sean Nee & Phylodynamics

Evolving virus plagues
John J. Holland

Departmant of Bislogy, University of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92033-0115

Recently, the AIDS pandemic and other
new or emerging viruses have focused
attention on emerging infectious diseases
(1, 2). The factors involved in emergence
are diverse and include global transporta-
tion, urhan crowding and poverty, chang-
ing behavioral patterns, rapid virus evo-
lution, human population growth, etc. Un-
til now, no studies have clearly linked
human population expansion with in-

of Europe and Asia are mainly zoonoses,
Tick-borne encephalitis (TBE) viruses ex-
ist almost exclusively in “forest cycles”
involving ticks and various vertebrate
hosts. Humans play little if any role in
these cycles, and human disease is acci-
dental and dead-end (albeit sometimes
severe). In work described in this issue of
the Proceedings (pages 548-553), Zanotto
et al. (6} have compared the molecular
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FiG. 2. (A) Lineages through time of

66 dengue viruses. The time

at which each lineage division occurs on a constant-rate (Krmsch)

phylogenetic tree is plotted with the time

axis scaled as the number of

nucleotide substitutions from the root of the tree to the tips. (B)
Epidemic transformation of the same data. This transformation of the
¥ axis determines whether the rate of population growth has been
constant through time (straight line), increasing (upward curvature, as
here), or decreasing (downward curvature). (C) Lineages through time
of the most recent 62 nodes of dengue viruses. (D) Epidemic trans-

formation of the same data.
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Population dynamics of flaviviruses revealed by

molecular phylogenies
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DENV-3 samples were from genotype V

- Genotype Il has been the most prevalent in
Brazil. However, genotypes | and V were
associated with dengue outbreaks in Brazil.

- Cryptic circulation of DENV-3 in the region?

- A new introduction from Asia?

- Q: “What s the A. aegypti lineage in Santos?”
R: “Singapore”!
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Figure 1. Maximum credibility tree {and its four serotype subtrees) showing the evolutionary relationships among the capsid;
premembrane junction sequences of 55 strains. Posterior probability support values are shown over the nodes and TMRCAs values below the
nodes. Reference sequences abbreviated by seratype (D1-4), genotype (Am: American, AmAs: American/Asian, As: Asian, Cosm: Cosmopaolitan, Syf
Sylvatic, I, i, W, IV, or V), GenBank accession, 150 code for country, and isolation year.
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DENV-4 Outbreak in Guaruja

1216 serum samples from January to June 2013.

879 samples were tested in our laboratory for dengue: 525
(60% of processed samples) were positive for dengue.

505 (96% of positive samples) were positive for DENV-4 and
20 belong to any of the other three serotypes (10 DENV-1, 8
DENV-2 and 2 DENV-3).

354 DENV-4 (70% of positive) were sequenced1485 bp-long
envelope gene from viral genomic RNA amplified directly.

285 patients (81%) geo-locate based on the addresses
provided, from the cohort of 354 patients.
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Immunochromatography for IgM, 1gG & NS1

505 596 597 604 607 612 614 615 617 618 619 621 622 623 624 626 627 628 630 631 634 636 637 640

— e o v W o w YW W T T W e e \
~1020 pb

prM
-—\_\

441 939 2423 3479

D4-U486 D4-L1786
~1300 pb

~1020 pb
D4-11658 D4-L2679

652 644 645 646 649 650 651 652 654 656 658 659 660 661 667 668 669 670 671 672 673 677 678 679

- e e - e e e e \

~1020 pb




Autochthonous dengue cases reported
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Posterior estimates of incidence
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Widely dispersed “outset” of the DENV 4 Outbreak
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Widely-dispersed “end” of the DENV 4 outbrea
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Time of Infection (days)
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Posterior estimates of effective reproduction numbers (R)
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The basic reproduction number, R, is the number of secondary infections that
results from a single infected human. Basic reproduction numbers estimated for
dengue range between 1.33 and 11.6 (Halstead, 2008). Favier et al. and Massad
et al. analyzed epidemic data from several cities in Brazil and developed values
ranging from 3.8 to 5.1 and from 2.7 to 11.6, respectively.
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BDSKY, R & SP & SIR model
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CVE - Dengue notifications for Guarujd - 2013
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DENV4 - Transmission Network
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Temporal network showing the genetic relationships of intra-host
variants of the DENV-4 E region from different samples
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Distribution of SNPs in the envelope gene of DENV-4. Linear representation of the DENV-4

envelope is showed at the bottom. Codon positions are represented by colors (residue 235)
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Secondary Infection
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R & SP BDSKY
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Detecting wide & fast spatial DENV dispersal
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Mantel correlation
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Efective population size
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Conclusions

Phylodynamics of DENV works! i.e., E gene good maker, stable
rates of change, stable nucleotide composition, no significant
recombination systematic error.

We need to incorporate viral genealogy & patient data to better
understand the evolution of an outbreak.

Real time follow-up of dengue outbreaks can be useful for control:
Guaruja stands as a proof of concept.

“Where there is no overlap there is gap” — Mark Miller, MD.
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