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Climate change increases viral spillover risk

In 2070, human population centres in equatorial Africa, south China, India and southeast Asia will
overlap with projected hotspots of cross-species viral transmission in wildlife.
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Anthropogenic environmental changes

Anthropogenic environmental changes disrupt ecosystems and climatic patterns, reduce

biodiversity, increase the frequency of extreme weather events and create additional
pressures on healthcare and food systems.

Changes in natural ecosystems and land use increase the risk of vector-borne diseases and
affect human health.
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Anthropogenic environmental changes impact lifecycles
and geographic distribution of Brazil’s deadliest animals

Mosquito lifecycles are strongly influenced by rainfall, temperature, and relative humidity.

Aedes (Stg.) aegypti
Linnaeus, 1762

—=*— Proboscis

Naturally infected with the
following viruses:

dengue 1-4, Zika,
chikungunya, and yellow fever
(outside Americas)

Antenna
Foreleg

Thorax

Family: Culicidae
Subfamily: Culicinae
Tribe: Aedini

Genus: Aedes

Subgenus: Stegomyia
Geographic distribution:
urban mosquito, found in
subtropical and tropical
regions

Ecology: found in urban
areas, including inside
buildings and houses (mean
dispersal 28 to 199m; lifespan
two weeks)

Abdomen

La— Midleg
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Haemagogus (Con.) leucocelanus
Dyar & Shannon, 1924  §

Naturally infected with the
following viruses:

yellow fever, llheus,
Maguari, Una, Mayaro and
Wyeomyia

Family: Culicidae

Subfamily: Culicinae

Tribe: Aedini

Genus: Haemagogus
Subgenus: Conopostegus
Geographic distribution:
Argentina, Brazil and Paraguay

Ecology: found in forests but /'/

can take blood from hosts at g

ground level, with diurnal and ' /

acrodendrophilic habits f \
(dispersal up to 11.5km?) 1 i

W
Segura & Castro, IEC-MS/SVS, Belém, 2007
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Zika virus In natural conditions
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Zika virus pandemic: early stages

The Americas, 2015-16 s e Sl G =
Zika is spreading throughout the > N R — & : 7
continent. The WHO declares a ] I By N3¢

Public Health Emergency of ! Jse i 7 =N

International Concern on February : \ : 5~ Y 57 4 Yap Island, 2007

1,2016 C | T o &_E";v ) First large outbreak of Zika, ~8,000
dac | = % : ' (73%) infected.

French Polynesia, 2013-14
Large Zika outbreak infects 66% of >, < 2
population (~183,000). First . W
evidence of Guillain-Barré R N . % O/
syndrome and retrospective TiA) NS / - K L i {
evidence of microcephaly. g : o \ . = é> 4
- (Uganda, 1947-48 i 1o “m o
Nigeria, 1953 Zika virus first is isolated from a A ; o,
First viral isolation of Zika from a rhesus monkey, followed by isolation =
human host. from A. Africanus mosquito. -
. Malaysia, 1969
?izzi:;l ,ﬁ.‘fg?bsem in the state of Erst isolation of Zika virus in Asia]
Bahia, and quickly spreads (Aedes aegypti mosquito)

throughout the country. Significant
rises in microcephaly incidence are

Earliest ewdence of Zika clrculatlon
observed. o I =

Alltypes [0 i © Human
virologic . . . . O Q O |/ Mosquito

Lessleretal. Science2016
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Expansion of Aedes spp. associated with
arbovirus epidemics in the Americas

Zika virus lineages Aedes aegypti expansion Aedes aegypti distribution
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Fariaetal. Science 2016; Brady and Hay, Annu Rev Entomol, 2019; Kraemeret al. eLife 2014

Zika virus



Emergence of Zika virus in the
Americas: early findings

No. of Zika

ZIKV weekly
notified cases (x1000)

Zika first confirmed cases in early May 2015 Brazil (1)
First Zika genome sequence in January 2016 (2)
WHO PHEIC by 1st Feb 2016 (3)

Epidemic spread
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Association ZIKV and microcephaly (13 April 2016) (4)
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Factors determining scale and spread of an
emerging infection in naive populations

Incidence time series
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Serial interval distribution
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Serial interval

Likelihood: It ~Poiss(Rti]t_sws} J
=1

Prior:

Analytical Bayesian method

R ~G (a,b)

Time from illness onset in the primary case
to iliness onset in the secondary case

Human mobility
Large-scale connectivity
of human populations

Estimates of R,
Transmissibility: R

Loy average number of
5 10 secondary cases infected
51 by each case “at time t”
0 T T T T T T 1

0 14 28 42 (R < 1 stops an epidemic)

Predict the potential impact of the outbreak

Assess the feasibility of control measures

Track potential changes in transmissibility over time
Evaluate the effectiveness of control measures

Adaptedfrom Anne Cori 2022
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Countering the Zika epidemic in Latin America

Zika epidemic simulations
Zika epidemic in Brazil was expected to be largely over in No intervention

3 years, with seasonal oscillations in incidence caused by
transmissibility and variation in mosquito populations.
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Arbovirus genomic surveillance in Brazil

From mobile to fixed genomic sequencing and research laboratories
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Time series of RT—qPCR+ cases correlated with
suspected cases and Aedes aegypti suitability

Monthly climatic suitability
for Aedes aegypti

January

No. ZIKV suspected and

RT-PCR+ cases NE-Brazil

RT-PCR+Zika cases (ZIBRA mobile
lab) and weekly MoH notified cases

I RT-qPCR+ cases (ZiIBRA)
Motified cases (MoH)

===+ Climatic suitablity per region
—* First reported case in Brazil
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2-17June 2016
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Amplicon-based sequencing and
protocol optimisationin real-time

Steps 1 and 2: Design/order primers

Step 3A(i-ii): RNA extraction ~ Step 3B: DNA extraction

Step 3A(iii-iv): cDNA synthesis

Steps 4—9: Multiplex PCR

Y Steps 10 and 11: Quantification and QC
3 1

3 Step 12: Library preparation

> and sequencing

<

& |

g; Steps 13-16: Analysis pipeline

< l

Steps 17 and 18: Quality control

Faria et al. Nature 2017 (with MS/SVS and PAHO); Quick et al. Nature Protocols 2017; Kraemeretal. eLife 2014
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Establishment and cryptic transmission of Zika
virus in Brazil and the Americas

Quantifying periods of transmission, investigating geographical spread and reintroductions between
populations, and evaluation of possibly relevant mutations associated with phenotypic changes.
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Zika virus and microcephaly in continental Africa:
what lineage and where from?

Introduction of Zika virus Asian lineage from Brazil, possibly
causing 76 suspected microcephaly cases in Luanda

Geographical

region or location:

—— South America

—— Central America

— Caribbean

—— North America

—— Angola
Oceania

— Other

2 years

Caribbean, Florida, and South America
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Factors affecting the likelihood of introduction
of Zika virus Asian lineage to Angola

Median monthly air passengers to Angola (January-October 2016)
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Median estimated cases of Zika virus infection
per person per week (January-October 2016)

Geographical
region or location

— South America
—— Central America
—— Caribbean
—— North America
—— Cape Verde

Number of
genomic
sequences
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Hill, Vasconcelosetal. LancetInf Dis 2018 (Angolan MoH)
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A single mutation in the prM protein of Zika virus
contributes to fetal microcephaly

Supporting in vivo experiments with a mutant virus with the specific mutations of concern to
confirm or reject the specific properties of the candidate variants.

A 0.0175 N
« Single mutation (prM-S139N) contributes to foetal microcephaly QE
. . . . 2 0.0125;
* prM-S139N mutation arose in 2013 in French Polynesia before S 000 §
the virus jumped to Brazil (American lineage). g o ]
Q 1 S
. . . O @)
* Invitro, prM-S139N makes ZIKV more infectious for mouse and S <
human neural progenitor cells and promoted apoptosis. R e s | (e ;ji
= )
Neurovirulence phenotypes of the contemporary ZIKV strains and = — (s " §
heir ancestral Asian strain: N130S Vi =
t Vreow [rroea] s 5
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Yuan etal. Science 2017
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Yellow fever virus: virion,
genome and clinical symptoms

* RNA virus transmitted primarily by hematophagous arthropods.
 Member of the Flaviviridae family (flavus = yellow).

* Genus Flavivirus, as dengue, Zika and West Nile viruses.

* Primary amplifying hosts: non-human primates.

 Humans are accidental hosts and present range clinical forms

* Vaccine-preventable (very effective 17D, live-attenuated, long-life

protection, available since 1938), yet >82,000 deaths annually worldwide.
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M protein 50 nm diameter
E dimer . (= ! l
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A®N323 NS4A +NS4B

Vileen s
N
\ NS3 NS5

=
\g?l;/rote ase Polymerase

Genomic RNA |
ss+RNA (11 kb)

The yellow fever iceberg:

1.
2.
3. Severe form: 10 to 20%

4. Fatal: 5t0 10%

Pariset& Mazet, 1819 (Wellcome Collections)
https://viralzone.expasy.org Vasconcelos P, Rev Soc Bras Med Trop, 2003; Gaythorpe et al eLife, 2021
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Brief history of YFV in Brazil

Historical YFV periods:

Dark Age
Golden Age

Disillusion Age Us Amy
Reed Commission ;
Vaccine Age -
(A B
C. Finlay: : sl
YFV transmission
by Ae. a ti | . -
4 2P Original Asibi
17D YFV vaccine 1940-1960s
DDT “miracle treatment”
Largest outbreak in decades in
Panama Canal Brazil: sylvatic or urban?
___________________ | I i
I T T T T T
1850 1875 1900 1925 1950 1975 2000
____________________ | | I I I I I
PE (1685) ‘
60deaths ______ Sporadic urban outbreaks 1L >1500 sylvatic cases " SE-Brazil
— (1849-1928) N, SE- & NE-Brazil S (1934-2003) Brazil 2204 H cases
| 757 deaths*
Yellow fi titutes in th th of the the epidemiological rules which belong to : z *
cou:tl’(;'w(}ler‘;:l)co:s}:r:b‘:r:lnmuechm::)oreodifﬁs yellow fever, to the point of suggesting a Diseovery of e jdngie X oyle gﬁ%PAiozgféa
cult of solution than was believed; the dis- MOrbid entity not yet catalogued, were it not : y S e
semination of the virus extends over a large for the mf.“sual dlssemn}atzon of .St.‘go"’ym The Newer EpldeIOIOgY of é\""ﬁ
area, both within and outside the cities, in Calopi (Abes (Slenoneinl ealaps)) I thine Yellow Fever® vl
spar;ely populated points, and, at tix’n o re%lons together w(;th l:be clinical obsl,ler:anon; B\~
ar ; S, ) » and autopsies made by persons well traine: FRED L SOPER, M.D., Dr.P.H. V\—"
failing to obey in a most disconcerting manner in the subject of yellow fever. International Health Division, The Rocksfeler Founaation, New York, N. Y.~
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Spatial structure of YFV genetic diversity

Yellow fever virus (YFV) can be classified in four genotypes, two can be
found in Africa, and two can be found in the Americas.

 Similar timing of arrival of Aedes aegypti and YFV in the Americas during
period of Atlantic Slave Trade and first contact between the two continents

« South American genotypes arrival has been dated around 1697

« Ae. aegypti arrival to Americas dated before 1618

430-550
years ago

140-230
years ago

(1413, 1883)

100|

1697

West Africa

rrrrrrrr

South America |

: X South America Il

New World Asia Africa

11111
77777

» East Africa

uuuuuuuuuuu
uuuuuuuuuuu

Powel et al. Bioscence 2018 Bryant et al. PLoS Pathogens, 2007
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Time-series of yellow fever human cases in
Brazil from 1950-2019

Aedes aegypti
Aedes albopictus
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No. human YFV confirmed
cases in Brazil per year
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Non-human
primate

Non-human
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N

Mosquito

Human ,__/

Jungle
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Adapted from MS-SVS 2019
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Factors hypothesised to explain
recent explosive YFV outbreak

Age group (years)

P Bos NN W oW A A U on National YFV
A W PT RPY P T ITTLT Y o
o _ %, B L & 8 8,8 2,2 8,2 8,49 82 vaccination by

« Low vaccination coverage in areas that were & §  agegroup:
previously not at risk, particularly the larger states in Q2 _% 90-100%
SE-Brazil (S&o Paulo, Rio de Janeiro and Minas B z 80-90%

. %, ¥ 70-80%
Gerais states). 60-70%

«  Waning of YFV immunity in reservoir hosts (non- 5 % .
human primates?) in the Amazon region, where the (%)'% 30-40%
virus is endemic. %2 o

- - @o i ’

* Anthropogenic environmental changes favoured 0-10%

mosquito populations (including urbanization, land
use and climate change).

* Increased mobility due to illegal trade of reservoir
populations (non-human primates?) and vector
expansion via air and fluvial travel.

* High altitude migration of windborne mosquitoes
carrying YFV for hundreds of kilometres (observed for

Anopheles spp.)

Shearer et al. LancetInfec Dis2017
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Using epidemiological data to shed light on the
mode of YFV transmission

Strong cross
correlation
between human
and NP cases:
human cases
lagged by 4
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Faria et al. Science 2018 (with PAHO)
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Sharing pathogen sequence data, analyses and
Interpretation in real-time at outbreak epicenter (l)

Largest outbreak for decades in Brazil (>2204 human cases, 757 deaths)

Pathogen GSD helped to answer key epi question: sylvatic transmission or urban transmission?
Preliminary data, interpretation and protocols shared 6 days upon arrival at the epicentre of outbreak
Maximum impact on public health, no negative impact on peer review publication

https://virological.org/t/real-time-genomic-surveillance-of-the-yellow-fever-virus-outbreak-in-brazil-2017/182 (5 May 2017)
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