
Comparative Analysis and Troubleshooting

GenEpi-BioTrain Virtual Training 29 - Genomic epidemiology of mpox

12-10-2026

David Nieuwenhuijse and Bas Oude Munnink



Aim and learning objectives

Aim

Live discussion on the advantages and limitations of NGS for outbreak 
investigations

Discuss the difficulties in doing this in LMIC settings (presentation by 
Hayley)

Troubleshooting: Which challenges were encountered
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Can you think of any advantage 
of NGS for outbreak 
investigations?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Advantages of NGS for outbreak investigations 
Rabies virus example
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 On July 18th 2018, a 33 year old Nepali, was admitted at the Emergency 
Department in the Hamad General Hospital. The patient had arrived in Qatar one month before, and 
reported an animal bite by an unknown animal 3 months ago in Nepal. 

 On February 24th 2019, a second patient, a 25 year old Nepali, was transferred to the Emergency 
Department at the Hamad General Hospital. According to relatives reports, he had been bitten by a raccoon 
around early October 2018 in Nepal.

 In the same period, there was a fox attack at a camel farm in the Alkharsah area in September 2018 
(Qatar). Approximately two weeks after the fox bite, a camel started to develop neurological symptoms, 
and died later on. The fox and the camel both tested positive for RABLV by RT-PCR

 Did the patient acquire the infection in Qatar or in Sudan?



Whole genome sequencing

0.03

KX148192_Rabies_virus_Israel

KX148191_Rabies_virus_Israel

KX148174_Rabies_virus_Saudi-Arabia

KX148173_Rabies_virus_Saudi-Arabia

KX148177_Rabies_virus_Israel

JX987748_Rabies_virus_Iran

KX148172_Rabies_virus_Saudi-Arabia

JX088732_Rabies_virus_South-Africa

KX148169_Rabies_virus_Oman

KX148180_Rabies_virus_Israel

KX148178_Rabies_virus_Israel

KX148175_Rabies_virus_Saudi-Arabia

KX148170_Rabies_virus_Oman

KX148179_Rabies_virus_Israel

Fox_Brain

KX148185_Rabies_virus_Iran

KX148186_Rabies_virus_Iran

KX148184_Rabies_virus_Israel

KX148168_Rabies_virus_Saudi-Arabia

LT909533_Rabies_virus

Camel_Brain

KX148171_Rabies_virus_United-Arab-Emirates

KX148181_Rabies_virus_Israel

MF143191_Rabies_virus_China

KX148182_Rabies_virus_Israel

KX148176_Rabies_virus_Saudi-Arabia

KX148183_Rabies_virus_Israel

99

100

100

96

98

56

100

94

96
100

92

99

99

87

97

88

71

84

100

100

100

100

100

100

100

59

54

98

100

99

100

93

100

100

100

100

100

86

98

71

56

100

100

100

100

92

0.03

JX987737_Rabies_virus_Nepal

MF143191_Rabies_virus_China

AB569299_Rabies_virus_Sri_Lanka

JX987740_Rabies_virus_Nepal

Patient_1_August_2018

KX148245_Rabies_virus_Nepal

JX944597_Rabies_virus_Nepal

KX148108_Rabies_virus_Nepal

JX944569_Rabies_virus_Nepal

KF154999_Rabies_virus_Sri_Lanka

AB635373_Rabies_virus_Sri_Lanka

KX148246_Rabies_virus_India

JX944595_Rabies_virus_Nepal100

86

99

100

100

100

100

84

100

100

100

77

0.03

KF831559_Rabies_virus_Nepal

KM979363_Rabies_virus_Nepal

JX987736_Rabies_virus_Afghanistan

DQ521214_Rabies_virus_Nepal

LT909541_Rabies_virus

EU086198_Rabies_virus_Nepal

JX987739_Rabies_virus_Afghanistan

EU086197_Rabies_virus_Nepal

JX944574_Rabies_virus_Nepal
KF154996_Rabies_virus_India

JX944596_Rabies_virus_Nepal

JX987735_Rabies_virus_Afghanistan

JX944601_Rabies_virus_Nepal

JX944573_Rabies_virus_Nepal

JX987743_Rabies_virus_Nepal

HQ913571_Rabies_virus_Nepal

JX944599_Rabies_virus_Nepal

Patient_2_April_2019_Midbrain

EU086196_Rabies_virus_Nepal

JX088732_Rabies_virus_South-Africa

KM979359_Rabies_virus_Nepal

KX148228_Rabies_virus_Nepal

JX944567_Rabies_virus_Nepal

KM979362_Rabies_virus_Nepal

JX987742_Rabies_virus_Nepal

KM979365_Rabies_virus_Nepal

JX987741_Rabies_virus_Nepal

KM979364_Rabies_virus_Nepal

KX148226_Rabies_virus_Afganistan

JX944602_Rabies_virus_Nepal

HE802675_Rabies_virus_Pakistan

JX944600_Rabies_virus_Nepal

JX944568_Rabies_virus_Nepal

LT909539_Rabies_virus

MG458320_Rabies_virus_Nepal

KM979366_Rabies_virus_Nepal

Patient_2_April_2019_Hypocampus

KM979361_Rabies_virus_Nepal

KX148226_Rabies_virus_Afghanistan

Patient_2_April_2019_Cerebellum

KX148227_Rabies_virus_Afghanistan

JX944572_Rabies_virus_Nepal

AY854598_Rabies_virus_Nepal

AY138578_Rabies_virus_Nepal

KX148225_Rabies_virus_Afghanistan

KM979360_Rabies_virus_Nepal

JX987738_Rabies_virus_Nepal

JX944566_Rabies_virus_Nepal

HE802676_Rabies_virus_Pakistan

JX944571_Rabies_virus_Nepal

JX944598_Rabies_virus_Nepal

AB699220_Rabies_virus_Bangladesh

JX944570_Rabies_virus_Nepal

MG011654_Rabies_virus_Bangladesh

JX944565_Rabies_virus_Nepal

KF831534_Rabies_virus_Nepal

MF143191_Rabies_virus_China

KX148225_Rabies_virus_Afganistan

AY854597_Rabies_virus_Nepal

100

49

88

100

96

5

98

4

80

100

59

86

93

100

40

100

100

99

92

99

99

100

84

76

3

100

72

45

100

98

83

5 100

56

60

67

100

20

100

99

13

100

92

63

65

92

88

62

98

5

99

7

100

100

10

96

10

52

95

100

99

99

31

99

99

94

8

Oude Munnink et al, IJID, 2020



Usutu virus

• In the Netherlands, USUV was first 
detected in 2016, when it was identified 
as the likely cause of an outbreak in 
birds.

• Here we showed that several lineages of 
USUV are already co-circulating

• Molecular clock analysis evaluated their 
most recent common ancestor to 10 to 4 
years before first detection of USUV in 
the Netherlands
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Oude Munnink et al, Scientific Reports, 2020



Measles virus

• Despite progress towards measles elimination in Burundi, 
the country has seen a resurge in cases since 2019.

• Unclear if all measles cases involved in recent outbreaks 
were linked or caused by multiple independent events 
including introductions from other countries.

• Using WGS we demonstrated that measles viruses 
genotype B3 were already circulating in Burundi since the 
beginning of 2023 well before the outbreak in 2024 was 
noted. 

• There are recurrent measles outbreaks in Burundi ignited 
from different sources, showing that measles in Burundi 
is sustained by multiple introductions and emphasizing 
the importance of ongoing molecular surveillance for 
elimination efforts.
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Nzoyikorera et al, Plos One, 2026
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Can you think of any limitations 
in the use of NGS for outbreak 
investigations?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Limitations of NGS for outbreak investigations

• Costs

• Turnaround time

• Dependence on sample quality

• Bioinformatic challenges

More generalising this leads to:

• Inequal access to pathogen genomics

• Data sharing disparities

• Surveillance bias

9



Results of these limitations in surveillance bias

• Phylogenetic analyses may incorrectly suggest that a pathogen 
variant originated in a particular country simply because that 
location has more extensive genomic surveillance, rather than 
because it was the true source of emergence. 

• Areas with limited sequencing capacity may be underrepresented, 
obscuring transmission pathways and delaying detection of novel 
variants.
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Percentage of WGS generated and shared on GISAID 
compared to the total number of COVID-19 cases per 
continent as of 5 July 2021.
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Oude Munnink et al, Nature Medicine, 2021
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01/04/2020 3,169 sequences on GISAID

• 425 UK sequences

• 190 Dutch sequences

01/05/2020 15,959 sequences on GISAID

• 5,686 UK sequences

• 586 Dutch sequences

01/07/2020 57,965 sequences on GISAID

• 27,558 UK sequences

• 1,603 Dutch sequences

SARS-CoV-2

Nextstrain visualisation



SARS-CoV-2

• “UK” variant

• “South Africa” variant

• Travel bans/restrictions

• These countries perform the 
most dense sequencing in 
their continent

13
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Is a travel ban the right thing to 
do?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Modelling study shows a delay 
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• “Compared to no travel ban a 
14-day delay in reaching 
10,000 Omicron cases was 
achieved”

• “However, given that the 
importation of Omicron pre-
dated the initiation of travel 
restrictions, we found that 
measures to reduce the Re of 
the virus played a more 
important role in influencing its 
initial spread.”



Mpox
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Country Cases since 2025 Sequences on GISAID

DRC 25.825 2.800

Uganda 7.160 655

Sierra Leone 5.442 356

Madagascar 3.436 11

Guinea 2.310 18

Burundi 1.797 111

Liberia 1.618 8

Kenya 1.229 2

Ghana 1.000 55

• Data generation and sharing is improving



How to solve these inequaties?
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Presentation by dr. Hayley Cassidy
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Challenges encountered in your situation
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What challenges do you 
encounter in setting up WGS?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Interactive discussion on TEAMS
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Reusing this content
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You are free: 
 to share – to copy, distribute and transmit the work 
 to remix – to adapt the work 

Under the following conditions; you must attribute the work in the manner specified by the 
author or licensor but not:

• in any way that suggests that they endorse you or your use of the work
• in any way that suggests you are author of the work.

This work is licensed under the Creative Commons (http://creativecommons.org)
Attribution 4.0 Generic license

The authors of this slide/page encourage educators, trainers, and professionals to include this 
slide within their documents and presentations for rightful attribution of their works and thus 
also allow it to be easily shared. (ECV1-29/9/11) 

Terms of usage (Learning Portal)

http://creativecommons.org/
https://learning.ecdc.europa.eu/mod/page/view.php?id=39796

	Default Section
	Slide 1: Comparative Analysis and Troubleshooting
	Slide 2: Aim and learning objectives
	Slide 3
	Slide 4: Advantages of NGS for outbreak investigations  Rabies virus example
	Slide 5: Whole genome sequencing
	Slide 6: Usutu virus
	Slide 7: Measles virus
	Slide 8
	Slide 9: Limitations of NGS for outbreak investigations
	Slide 10: Results of these limitations in surveillance bias
	Slide 11: Percentage of WGS generated and shared on GISAID compared to the total number of COVID-19 cases per continent as of 5 July 2021.
	Slide 12: SARS-CoV-2
	Slide 13: SARS-CoV-2
	Slide 14
	Slide 15: Modelling study shows a delay 
	Slide 16: Mpox
	Slide 17: How to solve these inequaties?
	Slide 18: Presentation by dr. Hayley Cassidy
	Slide 19: Challenges encountered in your situation
	Slide 20
	Slide 21: Interactive discussion on TEAMS
	Slide 22: Reusing this content


