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Historical perspectives are typically obtained through serological studies 
that do not take into account evolutionary history of the pathogen

Zika virus surveillance

Lessler et al. Science Aug 2016

Brief history of the Zika 
virus epidemic
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Figure 1
Epidemic peak in mid 

July 2015
Incidence of ZIKV per 

100,000 people

Local transmission in Brazil: 07 May 2015 
WHO Public Health Emergency of International Concern: 01 Feb 2016 
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Figure 1WHO/CDC confirm association between ZIKV infection and microcephaly: 13 Apr 2016
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Temporal association between ZIKV 
notified cases and microcephaly
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Zika virus surveillance

Aedes aegypti 
suitability:

Kraemer et al. eLife 2014 Faria et al. Science March 2016

Emergence of ZIKV as a function of local 
transmission regime, genotype



Emergence of ZIKV as a function of local 
transmission regime, genotype
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Projected ZIKV infections after first epidemic wave (millions)

Perkins et al. Nature Microb Jul 2016

“93.4 (81.6–117.1) million people in 
total, including 1.65 (1.45–2.06) 

million childbearing women”
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Zika epidemiology and evolution

Estimated % population infected with ZIKV
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37 million ZIKV infections in Brazil 
during the first epidemic wave

Ian Goodfellow in Sierra Leone 2015 Josh Quick in Guinea 2015

ZiBRA project in Brazil 2016

Zika virus surveillance

Real-time genomic surveillance during the 
Ebola and Zika epidemics 

Previous MinION work on Ebola virus: Quick J, Loman N, et al. Nature 2016
Current MinION ZiBRA protocol: Quick J et al. Nature Protocols 2017

Cu
rr

en
t (

pA
)

Current le vels

0 1 0 2 0
Time (s)   

A cis

trans1 80  mV

60

70

80

90

1 00

Cu
rr

en
t (

pA
)

Current le vels

0 1 0 2 0
Time (s)   

A cis

trans1 80  mV

60

70

80

90

1 00

Portable sequencing 



MinION portable genome sequencing in 
an outbreak context 

Design/order primers

RNA extraction

cDNA synthesis

Multiplex PCR

Quantification and QC

Library prep and sequencing

Analysis pipeline

Quality control

Web-based primer design tool:
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Testing of candidate primers: Subsequent reference genomes in 
the file are used to help choose primer pairs that maximize the 
likelihood of successful amplification of known virus diversity.  
A semi-global alignment score between each candidate primer and 
all supplied references is calculated to ensure that the most ‘uni-
versal’ candidate primers are picked for the scheme. Mismatches 
at the 3` end are severely penalized, as they have a disproportion-
ate effect on the likelihood of successful extension48,49. The align-
ment scores are summed, and the single best-scoring pair for each 
region is selected. If no candidates are returned by Primer3 for a 
region, most likely because all primers had insufficient annealing  

temperature, an error message prompting you to adjust the ampli-
con length or the overlap parameter will appear.

Output of primer pairs: Output files include a table of primer 
sequences to be ordered, a BED file of primer locations that can 
be used subsequently for primer trimming and a diagram of the 
primer scheme.

Choice of amplicon length. The choice of amplicon length when 
designing primer pools for sequencing is important. There is an 
inverse relationship between amplicon length and the number of 
primer pairs. It is believed that increasing the number of primer 
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Figure 2 | Overview of multiplex primer design using Primal Scheme online primer design tool. (a) Submission box for online primer design tool. (b) Primer 
table of results. (c) Schematic showing expected amplicon products for each pool in genomic context for the ZikaAsian and ChikAsianECSA schemes.
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Portable sequencing 

@ http://zibraproject.github.io/


Quick et al. Nature Protocols, 2017
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Origins of ZIKV-Am in NE Brazil, from where 
it spread to southeast Brazil and beyond

Faria et al, Nature, May 2017

ZIKV genome epidemiology

Aedes suitability
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Cryptic circulation in several American regions 
for a near-complete season of transmission

*Lourenço et al, eLife, Sep 2017

Syndromic surveillance is often biased.  
e.g. FSA (Bahia): 1 notified ZIKV case per 270 infections*

Faria et al, Nature, May 2017

ZIKV genome epidemiology

Co-circulation of arthropod-borne viruses makes epidemiological 
reconstructions from case reports alone challenging
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ZIKV genome epidemiology
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Spread of Chikungunya virus

‣ Insufficient vaccination coverage (A) in risk areas:                 
e.g. large urban centres in the southeast Brazil

‣ Waning of herd immunity in reservoir populations:           
e.g. 14-yr cycles in the Amazon

‣ Ecological changes that favour mosquito populations:     
e.g. urbanisation, land use and climate change

‣ Increased mobility of viral lineages due to:                          
a) reservoir populations (e.g. illegal trade)                          
b) Humans/vectors, (e.g. air and fluvial travel) (B)
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Natural history and the (re)-emergence 
of yellow fever virus in Brazil 

Real-time surveillance of YFV

FM Shearer, LID, 2017
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1. Are strains associated with 
particular transmission routes?

2. How fast is it transmitting and in 
what direction is it spreading?

3. When did a epidemic start and 
where did it come from?

4. Are hosts A, B and C 
epidemiologically linked? 

5. Can we predict future virus 
transmission?

Applied phylodynamic questions that can be 
addressed with genomic surveillance*

*non-exhaustive list

Real-time surveillance of YFV

https://www.cdc.gov/yellowfever/transmission
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1. Are strains associated with 
particular transmission routes?

2. How fast is it transmitting and in 
what direction is it spreading?

3. When did a epidemic start and 
where did it come from?

4. Are hosts A, B and C 
epidemiologically linked? 

5. Can we predict future virus 
transmission?

Real-time surveillance of YFV
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Genomic epidemiology of the YFV 
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Real-time surveillance of YFV

Epidemiology of the YFV outbreak 
in Minas Gerais, Brazil

Team visit to FUNED 25 April to 2nd May 2017 
Protocols available in Virological/GitHub by 2nd May 2017

Real-time surveillance of YFV

Faria et al., BioRxiv, 2018

YFV moving towards coastal areas 
with little vaccination coverage

Real-time surveillance of YFV



Conclusions
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Aedes aegypti 
suitability:

Brazil

Genomic 
observatories

Oxford (PI)

ArboSPREAD, a network for real-time 
genomic surveillance of arboviruses 

•Epidemiological data 
•Pathogen samples:
- Syndromic individuals
- Sentinel population
- Domestic animals
- Wildlife
- Environment 

Reconstruction spread 
with high-resolution 
digital mobility data

LACEN-Natal, Brazil (2016)

Outbreak
isolate

Control 
isolate

Comparative analysis and visualisation of relationships

Real-time phylodynamic reconstruction of outbreaks 

Hypothesis testing of covariates associated
with virus movement across spatial scales

Genome from human
Genome from reservoir/vector
Clade and trait (geography
& host) statistical probabilities

0.07

High quality 
consensus sequences

DNA sequencing

Mapping to
reference
genome

De novo 
assembly of 
sequences

Reservoir
species
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AAAAAA AACAAA

AACAAG

AACAAG

Faria et al. (2017) Nature 546 406-410  
Messina et al. (2016) eLife 5:e15272 

Gardy et al. (2018) Nature Rev Genet 19:9-20

Real-time high-resolution
genomic-informed mapping

•Syndromic surveillance
•Blood-bank surveillance
•Surveillance across suitability & mobility corridors 

Conclusions

Towards a real-time genomic-informed surveillance of 
arthropod-borne viruses across suitable corridors
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