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Surveillance at the molecular level:              

the good, the bad and the evil
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Technology to support infectious disease 

surveillance
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European Mobile Lab, MSF EVD Treatment 

Centre, Gueckedou, Guinea, March 2014
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Real Time Sequence Data: contact tracing, 

mutation rate and understanding sexual 

transmission 
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European Mobile Laboratory: real time 

genetic sequencing 



6November 2016Quick et al Nature 2016

Ebola surveillance and contact tracing 

across prefectures, Guinea, 2014 - 2016
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Monrovia

Freetown

Conakry

Ebola surveillance and contact tracing 

across international borders, 

West Africa, 2014 - 2016

file:///C:/Users/miles.carroll/EBOV_bezier_1min_square.mp4


8November 2016

Ebola surveillance: prediction of  

outbreak origins and rate of evolution
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Surveillance at the molecular level:  the 

good 

Powerful supplement to surveillance when laboratory 

findings  linked to epidemiology and outbreak 

understanding and control
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Polio Eradication: cases reported through 

surveillance, 23 May – 22 November 2016
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Specialised Reference Laboratory

Regional Reference Laboratory

National/ Sub-national Laboratory

Polio eradication strategy 3:

surveillance of acute flaccid paralysis 
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Polio epidemiologists supporting 

surveillance

Specially trained polio surveillance officers: in 
central government and provinces/districts

– each with driver with vehicle 

– per diem for staff and driver for 10 field days per month

– fuel, local maintenance of vehicle

– real-time communication (cell or satellite phone, laptop) 
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Acute flaccid paralysis (AFP) 

surveillance system: targets

AFP reporting (AFP reporting rate)

– > 1 report < 15 years of age per 100 000 

Specimen collection (stool collection rate)

– > 80% samples collected within 14 days of onset 
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Polio Surveillance: 

Non-polio AFP Rate
Oct 2014 – Sep 2015

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization 
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.  Dotted lines on maps represent 
approximate border lines for which there may not yet be full agreement. 
© WHO 2016. All rights reserved
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Polio Surveillance:

Stool Collection Percentage

< 60%

60% - 79.99%

> 80%

No AFP Surveillance/data

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization 
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.  Dotted lines on maps represent 
approximate border lines for which there may not yet be full agreement. 
© WHO 2016. All rights reserved
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Application: molecular 

surveillance/epidemiology

viruses linked to common ancestors, West and Central Africa, 2004
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Genetic Clusters of Poliovirus 1

2008 2009 2010
2008

2009

2010

Progress in polio eradication, West 

Africa, 2008-2010
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Afghanistan & Pakistan P1 isolates

by genetic cluster 2010

A3-A1A

PEND

A3-D2

B4-A1



November 2016 19

WPV1 by genetic cluster and quarter, 

Pakistan 2009 and 2010

A3-

A1A
A3-A2 A3-D2 B4-

A1

Pendin

g

WPV1 

Clusters

2010

2009

Case
Environ

m.

1st Quarter 2st Quarter 3rd Quarter 4th Quarter

The August 26 Muzaffarghar case

is most closely related to a Sept 2009 

Multan case virus (99%), and even closer 

to

August 2010 Multan environmental WPV1 

isolates (99.2%), which are in turn closely 

related to mid-2009 transmission in the

same area.

The August 18 Ghotki case 

is most closely

related to the Jan 2010 

Karachi Gadap env. virus 

(99.3%) and to a Sept 2009 

Muzaffarghar case (99.2%) 
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Locations sampled in Mumbai, India

Photos courtesy Jagadish Deshpande, Entero Virus Research Centre, Mumbai
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Environmental polio surveillance, 

open sewage, Mumbai, India
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Polio virus Detected In Sewage in Mumbai, 

India  2005-2009

Data as of 07 Dec 2009

•WPV introductions from UP and Bihar with limited circulation in Mumbai

•VDPVs detected for the first time in 2009



22November 2016

Sewage Plant

Risk

AREA

”BLIND”

MONITORING

Environmental polio surveillance, sewage

network, Cairo, Egypt
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Vaccine derived polio:  first recorded 

outbreak, Hispaniola, 2001

http://www.google.co.uk/url?sa=i&rct=j&q=polio%20hispaniola&source=images&cd=&cad=rja&docid=7D0ma8dcCzcHPM&tbnid=OBclyCqbhVuzHM:&ved=0CAUQjRw&url=http%3A%2F%2Fbiosurveillance.typepad.com%2Fhaiti_operational_biosurv%2F2011%2F01%2Facute-flaccid-paralysis-port-de-paix-and-port-au-prince.html&ei=_fWaUaKBFKPO0QX4uICICg&bvm=bv.46751780,d.d2k&psig=AFQjCNH_mGEg1TrhLPRh3nCc8Oxa7z6jSg&ust=1369196392883497
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Circulating vaccine derived polio virus 

(cVDPV): definition

cVDPV is a virus with >1% difference from parent OPV strains by 
full VP1 sequence homology found by AFP surveillance

– consistent with an extensive period of virus excretion or 
transmission

– generally in a areas with low OPV coverage rates
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Circulating vaccine derived polio virus 

(cVDPV) outbreaks, 2008 - 2011

http://www.google.co.uk/url?sa=i&rct=j&q=polio%20hispaniola&source=images&cd=&docid=7D0ma8dcCzcHPM&tbnid=OBclyCqbhVuzHM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.cdc.gov%2Fmmwr%2Fpreview%2Fmmwrhtml%2Fmm6025a3.htm&ei=3vaaUd6fJMSk0AWCxoCoCA&bvm=bv.46751780,d.d2k&psig=AFQjCNH_mGEg1TrhLPRh3nCc8Oxa7z6jSg&ust=1369196392883497
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Global Circulating Vaccine-derived 

Poliovirus. Reported  Cases, 2000 - 2016

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Onset of most 

recent case

Laos 8 3 11-Jan-16

Madagascar 1 10 22-Aug-15

Ukraine 2 07-Jul-15

Mozambique 2 02-Jun-11

Myanmar 1 4 06-Dec-07

Indonesia 46 26-Oct-05

China 2 11-Nov-04

Philippines 3 26-Jul-01

DOR/Haiti 12 9 12-Jul-01

Total type 1 12 12 0 0 2 46 1 4 0 0 0 2 0 0 1 20 3

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Onset of most 

recent case

Nigeria 3 22 71 68 155 27 34 8 4 30 1 (12) 28-Aug-162

Guinea 1 7 14-Dec-15

Myanmar 2 05-Oct-15

Pakistan 16 48 22 2 09-Feb-15

South Sudan 2 12-Sep-14

Cameroon 4 12-Aug-13

Niger 2 2 1 1 1 11-Jul-13

Chad 1 12 4 12-May-13

Afghanistan 5 1 9 3 13-Mar-13

Somalia 1 6 1 9 1 1 09-Jan-13

Kenya 3 29-Aug-12

DRCongo 13 5 18 11 17 04-Apr-12

China 2 06-Feb-12

Yemen 9 05-Oct-11

India 15 2 18-Jan-10

Ethiopia 3 1 16-Feb-09

Madagascar 1 4 3 13-Jul-05

Total type 2 0 1 4 0 0 3 2 0 85 184 55 65 68 65 55 12 0

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Onset of most 

recent case

Yemen 3 1 12-Jul-13

Ethiopia 1 5 17-May-10

Cambodia 1 1 15-Jan-06

Total type 3 0 0 0 0 0 1 1 0 0 1 5 0 3 1 0 0 0

cVDPV type 13

cVDPV type 23

cVDPV type 33
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Polio Eradication: cases reported through 

surveillance, 23 May – 22 November 2016
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WHO global influenza surveillance 

network

Essential non-commercial vaccine development                        

laboratories (e.g. FDA, NIBSC)
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1997, H5N1, Hong Kong:

culling of live chickens and ducks
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Confirmed Human and Poultry 

H5N1 Infections since 2003
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Risk assessment: H5N1 virus groups 

(clades) infecting humans since 2003  
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Surveillance at the molecular level:       

the good 

Powerful supplement to surveillance when laboratory 

findings  linked to epidemiology and outbreak 

understanding and control

Adds scientific and epidemiological understanding to risk 

assessment and emerging infectious diseases
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Cholera, Haiti, 2010
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Cholera Haiti, 2010

Source:  WHO
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Conditions leading to cholera 

transmission, Haiti, 2010
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Spread of Vibrio cholerae 01 – Central and 

South America, January 1991 – November 1994

Source: WHO
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Whole-genome neighbour-joining tree, Vibrio 
cholerae, Haiti, 2010 and Nepal 

Haiti, 2010 Nepal, 2009
Source: CDC/WER and Hendeikson/MBio
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UN Peace Keeping Forces, 

Annapur Camp, Haiti
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Conditions leading to cholera 

transmission, Haiti, 2010
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Cholera in Haiti, announcement of results of 

molecular testing,14 November 2010
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Demonstrations against UN Peacekeeping Forces,  

Haiti, 15 November 2010
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Anthrax bioterrorism USA, 2001
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Anthrax molecular analysis,               

2001-2007
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Public accusation of possible perpetrator 

and suicide
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Re-examination of the evidence
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Surveillance at the molecular level: 

lack of concern of consequence
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Powerful supplement to surveillance when laboratory 

findings  linked to epidemiology and outbreak 

understanding and control

Adds scientific and epidemiological understanding to risk 

assessment and emerging infectious diseases

When used inappropriately, molecular linkages can cause 

harm

Surveillance at the molecular level:

the bad 
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The Birmingham outbreak of smallpox, 

August 1978: the last human cases
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Smallpox virus: officially remains 

in 2 WHO Collaborating Centres

ATLANTA

KOLTSOVO

(SIBERIA)
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Certification of smallpox eradication,           

1980
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Smallpox virus: officially remains 

in 2 WHO Collaborating Centres

ATLANTA

KOLTSOVO

(SIBERIA)
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Reports of virus outside WHO repositories 

2000: real or perceived threat?

Updated WHO guidance

Industry scaled up smallpox vaccine 
production 

Industrialized countries stockpiled 
smallpox vaccine/vaccinia immune 
globulin

Intensified research on new, safer 
vaccines, anti-virals and diagnostics in 
USA and Russia
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Is there a continued risk to smallpox 

eradication?

4.5 Dr G. McFadden presented Chapter 3, on variola genomics, 

which is summarized in Annex 1. The chapter concluded that 

"publicly available genomic information has been used by 

many international scientists to design highly sensitive virus 

diagnostics. The newly-gained understanding of the 

relationship between variola virus and other orthopoxviruses 

also provides important clues to understanding the value and 

limitations of animal models for human smallpox. Remarkable 

expansion in the technologies of DNA synthesis, sequencing, 

and cloning has created today’s situation, where it is now 

technically possible to synthesize the entire variola virus 

genome from scratch, using only publicly available sequence 

information, and to reconstitute infectious virus using 

currently available techniques of molecular biology. As a result 

of this ability, future biodefence strategies need to incorporate 

new thinking regarding how best to control the application of 

these synthetic biology technologies."



55November 2016

Synthesis of poliovirus in the absence of 
natural template. 

(A) Short complementary segments of 
synthetic DNA (oligonucleotides) are 
annealed, and enzymatically extended and 
ligated (connected). A full-length 
complementary DNA (cDNA) is assembled 
stepwise to represent the entire genetic 
information of the poliovirus RNA genome in 
the form of DNA. The cDNA is then 
transcribed into infectious viral RNA by a T7 
RNA transcriptase. This RNA is used to seed 
a HeLa cell-free extract that will replicate, just 
like in intact cells, to form progeny virions 

(B,C) Evidence for de novo synthesized virus 
is provided by plaque assays. Poliovirus 
plaques derived from synthetic virus (sPV1) 
and wild-type virus, respectively, are formed 
on monolayers of HeLa cells

De novo synthesis of poliovirus,  

Stony Brook University
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De novo synthesis of poliovirus:

a risk to eradication/a risk to the future?
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Powerful supplement to surveillance when laboratory 

findings  linked to epidemiology and outbreak 

understanding and control

Adds scientific and epidemiological understanding to risk 

assessment and emerging infectious diseases

When used inappropriately, molecular linkages can cause 

harm

Molecular understanding in the wrong hands has the 

potential to cause evil  

Surveillance at the molecular level:

the bad 
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Powerful supplement to surveillance when laboratory 

findings  linked to epidemiology and outbreak 

understanding and control

Adds scientific and epidemiological understanding to  risk 

assessment and emerging infectious diseases

When used inappropriately, molecular linkages can cause 

harm

Molecular understanding in the wrong hands has the 

potential to cause evil  

Surveillance at the molecular level:

the bad 


