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• Evolution is generally not predictable


• Evolution encodes a source of information about the history and 
epidemiology of the pathogen in its genome


• The greatest utility of pathogen genomics is situational awareness 


An initial assessment of an outbreak when information is sparse


Help inform response to prevent outbreaks from becoming pandemics


• A pandemic is a collection of outbreaks and epidemics

What can pathogen genomics tell us?




What can pathogen genomics tell us

about a new outbreak?

• What is the agent?


• What are related viruses - what can we assume based on these?


• How long has it been spreading?


• How fast is it spreading now?


• What is the source?



What can pathogen genomics 

tell us about a new outbreak?

Grubaugh et al (2019) Nat Micro | https://doi.org/10.1038/s41564-018-0296-2 
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Ebola virus (EBOV) epidemic

2014-2016 (2021?)
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Outbreak Alert: March 10, 2014
Samples taken: March 19th

Paper published: April 16th

3 sequences published: April 18th

Baize et al (2014) N Engl J Med

Ebolavirus epidemic 2014-2016: 28,646 recorded cases 11,323 recorded deaths
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Kenema Government 

Hospital/

Broad Institute/

Viral Hemorrhagic Fever 

Consortium


99 virus genomes

released on Genbank


sequenced in USA

3 sequences 

April 18th

Baize et al. NEJM
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2022 Ebola virus outbreaks in DRC

Sequencing and analysis by INRB, 
Kinshasa


• Case sampled: 21st April 2022

• Analysis posted 24th April:


https://virological.org/t/795

• Interpretation - a new spillover 

event from non-human animals


• Case sampled: 15th August, 
2022


• Analysis posted 22nd August:

https://virological.org/t/795


• Interpretation: 
Genetically linked to the 
2018-2020 Nord Kivu/Ituri EVD 
outbreak 
Does not represent a new 
spillover event


https://virological.org/t/795
https://virological.org/t/795


What can pathogen genomics 

tell us about a new outbreak?

• How long has it been spreading?


• How fast is it spreading now?



SARS-CoV-2 pandemic 

2019 – ?



https://virological.org/t/335

23rd January 2020 


23 full-length genomes 
are available 
on GISAID or Genbank

SARS-CoV-2 pandemic, 2019 – 



https://virological.org/t/335

Assumed rate  
subst/site/year


subst/site/year

Estimated date of MRCA 95% interval

1x10-3 29-Nov-2019 08-Nov-2019 – 16-Dec-2019

0.5x10-3 30-Oct-2019 18-Sep-2019 – 04-Dec-2019

Virus Estimated rate x10-3 subst/site/year Reference

SARS-CoV 0.80 – 2.38 Zhao et al. 2004 [2]

MERS-CoV 0.63 [0.14 – 1·1] Cotten et al. 2013 [3]

1.12 [0.88 – 1.37] Cotten et al. 2014 [4]

0.96 [0.83 − 1.09] Dudas et al. 2018 [5]

HCoV-OC43 0.43 [0.27 – 0.60] Vijgen et al. 2005 [6]



https://virological.org/t/335

25th January 2020 


27 full-length genomes 
are available 
on GISAID or Genbank

Median 95% HPD

1.1x10-3 4.0x10-6 - 5.5x10-3

Median 95% HPD

02 Dec 2019 01 Oct 2019 - 22 Dec 2019

Rate of evolution

Date of most recent common ancestor



https://virological.org/t/420

Data Estimated rate 95% interval
12-Feb, 75 genomes 0.92x10-3 0.33x10-3 – 1.46x10-3

24-Feb, 86 genomes 0.80x10-3 0.14x10-3 – 1.31x10-3

04-March, 116 genomes 1.04x10-3 0.71x10-3 – 1.40x10-3

Data Estimated MRCA 95% interval
12-Feb, 75 genomes 29-Nov-2019 28-Oct-2019 – 20-Dec-2019
24-Feb, 86 genomes 17-Nov-2019 27-Aug-2019 – 19-Dec-2019
04-March, 116 genomes 03-Dec-2019 16-Nov-2019 – 17-Dec-2019

Data Doubling time (days) 95% interval
12-Feb, 75 genomes 6.2 4.1 – 12.3
24-Feb, 86 genomes 7.2 4.7 – 16.3
04-March, 116 genomes 6.8 5.0 – 10.3

Rate of evolution

Date of most recent common ancestor

Epidemic growth rate



2
0

2
0

-
0

1

2
0

2
0

-
0

3

2
0

2
0

-
0

5

2
0

2
0

-
0

7

2
0

2
0

-
0

9

2
0

2
0

-
1

1

2
0

2
1

-
0

1

2
0

2
1

-
0

3

2
0

2
1

-
0

5

2
0

2
1

-
0

7

2
0

2
1

-
0

9

Date

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

N
u
m

b
e
r 

o
f 
s
e
q

u
e
n
c
e
s
, 
1
0

6

First genome

n=1

IFV-A database

n=455K

HIV databse
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figure by Áine O’Toole



Pekar et al., Science 377, 960–966 (2022) 

11 December 2019 
95% interval: 25 November to 12 December

Date of most recent common ancestor

747 genomes 
Sampled from December 2019  
to February 2020



What can pathogen genomics 

tell us about a new outbreak?

• What is the agent?


• What can we assume based on related viruses?


• How long has it been spreading?


• How fast is it spreading now?


• What is the source?



outbreak or zoonosis?

sampled case
inferred case
primary case
unobserved case

human to human transmission

reservoir transmission



outbreak or zoonosis?

sampled case
inferred case
primary case
unobserved case

human to human transmission

reservoir transmission

• Reservoirs are diverse (by definition)


• Are human clusters diverse?



MERS-CoV epidemic 

2012 – ?



Cotten et al (2013) The Lancet 382: 1993-2002 DOI: 10.1016/S0140-6736(13)61887-5

MERS-CoV human cases 2012-2013



human

Figure 1—figure supplement 3. Maximum clade credibility (MCC) tree with ancestral state reconstruction according to a discrete trait model. MCC

tree is presented the same as Figure 1 and Figure 1—figure supplement 4, with colours indicating the most probable state reconstruction at internal

nodes. Unlike the structured coalescent summary shown in Figure 1 where camels are reconstructed as the main host where MERS-CoV persists, the

discrete trait approach identifies both camels and humans as major hosts with humans being the source of MERS-CoV infection in camels.

DOI: https://doi.org/10.7554/eLife.31257.006

Dudas et al. eLife 2018;7:e31257. DOI: https://doi.org/10.7554/eLife.31257 6 of 23

Research article Epidemiology and Global Health Genomics and Evolutionary Biology

Figure 1—figure supplement 3. Maximum clade credibility (MCC) tree with ancestral state reconstruction according to a discrete trait model. MCC

tree is presented the same as Figure 1 and Figure 1—figure supplement 4, with colours indicating the most probable state reconstruction at internal

nodes. Unlike the structured coalescent summary shown in Figure 1 where camels are reconstructed as the main host where MERS-CoV persists, the

discrete trait approach identifies both camels and humans as major hosts with humans being the source of MERS-CoV infection in camels.

DOI: https://doi.org/10.7554/eLife.31257.006

Dudas et al. eLife 2018;7:e31257. DOI: https://doi.org/10.7554/eLife.31257 6 of 23

Research article Epidemiology and Global Health Genomics and Evolutionary Biology

Dudas et al  (2014) eLife 7:e31257. DOI: 10.7554/eLife.31257 

• Circulating in humans since 
2010?


• Unlikely - would be global


• high mortality - 8%



Dudas et al  (2014) eLife 7:e31257. DOI: 10.7554/eLife.31257 Camel

2010 2011 2012 2013 2014 2015 



Dudas et al  (2014) eLife 7:e31257. DOI: 10.7554/eLife.31257 camel human



What can pathogen genomics 

tell us about a new outbreak?

• Evolution throws up surprises



Sequencing revealed 
the genome was one 
nucleotide different 
to a sample isolated 
in Nov 2014


probably linked to 
persistence in a 
survivor

Diallo et al (2016) Clin Infect Dis 63: 1353-1356 doi: 10.1093/cid/ciw601

Ebolavirus 2014 epidemic – Last case in Guinea, 2016



Outbreak Feb 2021

Samples from 22nd Feb - 26th Feb


Analysis posted 12th March:

https://virological.org/t/651

https://virological.org/t/643

https://virological.org/t/642 

https://virological.org/t/651
https://virological.org/t/643
https://virological.org/t/642


Evolution throws up surprises



monkeypox virus (MPXV)

1970 – ?



Evolution throws up surprises

Grubaugh et al (2019) Nat Micro | https://doi.org/10.1038/s41564-018-0296-2 


• What is the agent?


• What can we assume based  
on related viruses?

monkeypox virus (MPXV) = Orthopoxvirus

variola virus (VARV) evolutionary rate:

0.4 – 1.8 changes per year 

(in a 200K genome)



Evolution throws up surprises

Monkeypox virus (MPXV)


• First genome sequenced from 2022 outbreak 


• 20th May from Portugal


• Closest to genomes from 2018 from UK, Nigeria, Israel and Singapore


• 2–7 expected at Orthopoxvirus evolutionary rate

https://virological.org/t/799 
Isidro et al (2022) Nature Medicine 28: 1569–1572

https://virological.org/t/799


Evolution throws up surprises

Monkeypox virus (MPXV)


• 47 differences: 2–7 expected at Orthopoxvirus evolutionary rate


• Assumption that most cases are zoonotic in origin (rodent reservoir?)


• Evidence of rapid adaptation to human as a host?



Evolution throws up surprises

Monkeypox virus (MPXV)


• 47 differences: 2–7 expected at Orthopoxvirus evolutionary rate


• Assumption that most cases are zoonotic in origin (rodent reservoir?)


• Evidence of rapid adaptation to human as a host?

Probably not - 42/47 mutations likely the result of human  
anti-virus protein APOBEC3 
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figure by Áine O’Toole 
https://virological.org/t/847

MPXV Clade IIb



https://virological.org/t/885

Start of sustained human to 
human transmission?



What does pathogen surveillance need?

• Genome sequences from a random sample of cases (or all cases).


• Data-linkage – dates of sampling, dates of onset, exposure to cases, 
exposure to animals, travel history. 


• Speed – any interpretation will be about what was happening at the time the 
samples were collected. Can the information still be acted upon?


• Expertise – every virus behaves differently, many evolutionary processes at 
work. Interpretation of the data is always challenging.



What does pathogen surveillance need?

• Pathogen genomics rapidly becoming globally accessible as a technology


• Expertise – investment in pathogen bioinformatics, genomic epidemiology 
analysis and interpretation



University of Edinburgh, current and former: 
Corey Ansley, Rachel Colquhoun, Gytis Dudas, Kate Duggan, Verity Hill, Ben 
Jackson, Danny Maloney, JT McCrone, Ifeanyi Omah, Áine O’Toole, Emily 
Scher, Xiaoyu Yu


ARTIC Network: http://artic.network/ 


COVID-19 Genomics UK Consortium: https://www.cogconsortium.uk

http://artic.network/
https://www.cogconsortium.uk

