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What do we do “normally”?



H OW  D I D  W E  RE ACH  
T H I S  PO I N T ?

Sierra Leone November 2014



DECEMBER 2014  – THE  DEC IS ION TO 
SEQUENCE

December 2014 - Identified a need for real-time in-country genetic sequencing capabilities to 
aid with epidemiological tracking as contact tracing was ineffective in many instances.

PROBLEM:

• Limited sequence availability (Gire et al., Sept 14, 99 EBOV genomes)

• Limited access to data for those in the field  (internet etc)

• Data being produced in a timeframe that was of little use to those on the ground– 3-6 
months from samples  taken to sequence availability



DECEMBER 2014  – UT I L I TY  OF  REAL-T IME  
GENOMICS FOR EBOV

Identify and/or confirm epidemiological links – particularly essential during the final stages of 
the epidemic when “atypical” transmission occurs.

Understand virus evolution – had long-term transmission in humans resulted in virus 
adaptation to a new host?

Determine if repeated human-human transmission compromised the efficiency of detection 
by diagnostic primer sets.

“Lets move a sequencer to an Ebola treatment centre –

How hard can it be?”



WHAT SEQUENC ING PLATFORM TO USE?
• Robust and tolerant of extreme/unconventional environments
• Easy to install – capable of working out of the box
• Low maintenance
• Simple and robust workflow - idiot proof
• High quality data
• High throughput – need to develop a reference database of sequences

• A company willing to engage fully with the project and provide innovative solutions to 
practical problems

ThermoFisher Ion Torrent 
PGM and Ion Chef



DEPLOYMENT #3 :  MARCH 2015

Matteneh Ebola Treatment Centre



Over ~8 months
>600 genomes

~1/3 of all 
genomes from 
entire outbreak

Cost ~£450,000





Example appl icat ion of real-t ime viral genomics in 
the Ebola response

Identify cross-border 
transmissions 
through open data 
sharing

Identify links between 
cases, particularly in 
hard to investigate 
cases

Rapidly identify 
sources of flare-
ups: distinguish 
between hidden 
chains, new animal 
introductions, and 
survivors

Demonstration of 
delayed transmission 
from survivors, in one 
case infected >500 
days previously



Lessons learnt 

• Preparation is key

• When data generation is critical - better to over-prepare and ensure 
redundancy in all processes

• Process controls are essential to convince the end user that the data 
you are not producing is NOT “junk”



2015 real-time sequencing
deployment

How do we learn from the experience?



SOPs released: artic.network/ebov



ARTIC Network: Accessible, open, real-time field 
sequencing

• Wellcome collaborative award with Edinburgh, Birmingham + others 

• All protocols, bioinformatic pipelines, reagent lists, phylogenetics schemes, freely 
available online. 

• Protocols are field tested and deployable within hours of arrival at a destination.

DRC 2020 – Ebola



Sequencing workflow key considerations  
• Portability
• Usability 
• Robustness – must avoid any single point of failure
• Maintaining sample integrity and provenance
• Contamination control is critical

DRC 2020 – Ebola



Nanopore sequencing
• Portability
• Usability 
• Robustness

• Error rate – 98.3% accuracy at single reads – however >99.9% consensus 
accuracy

• Advantages:
• No maintenance
• Low cost
• Fast (6-12 hour runs for 96 samples)
• 96-384 samples per flowcell 
• Ability to run for as long as needed
• Flowcells can be re-used



ARTIC Sequencing protocol development
• Josh Quick and Nick Loman (Birmingham)
• Multiplex PCR protocol developed
• Provides a robust and sensitive approach
• Primalscheme – online design tool

• >75% of all COVID sequences generated to 
date have used ARTIC protocols

Independent validation of our protocols

~3ul RNA 
SSIV RT 

Multiplex 
PCR

Pool A
48 Amplicons

Pool B
48 Amplicons

End Prep Barcoding Pooling Adapter 
Ligation

Flowcell 
Loading

Sequencing 
& Assembly

<12 hours

~30Kb

Pool A
Pool B



Maintaining a clean workspace – the “clean “cabinet”
• Contamination control is critical.

• Monitor via inclusion of extraction & RT-PCR controls in each batch that are then put 
through the entire process & sequenced

• PCR cabinets are heavy and expensive

£1500-£5000
32Kg

£47
<5Kg



Minimising power requirements

£12

• USB powered UV lights

• 1% sodium hypochlorite solution (bleach) is a 
cheap and very effective contamination control 
measure

Lithium 
Battery pack

Rechargeable 
lights

12V 
equipment



The Mini-PCR machine
• Light, robust, inexpensive – use multiple machines avoids single point of 

failure

• 16 samples per batch

• Can run off battery packs when required

£700 Use of freezer blocks for lligation
steps



Three “cabinet” directional workflow
• Maintaining directionality critical to preventing contamination
• Each cabinet has dedicated equipment
• Partner with testing lab for provision of nucleic acid extracts
• Sample inactivation prior to arrival (Swabs into DNA/RNA Shield) 



Pre-installed bioinformatics pipelines – lab on SSD

• Pre-configured solid state drive images
• Plug and play basecalling, assembly and bioinformatics



Live monitoring of sequencing runs
• RAMPART allows for real time mapping of data as it is generated
• Immediately identifies issues with library prep
• Provides an estimated required run time
• Useful for monitoring possible contamination



When things go wrong
• Contamination control is critical.

• Monitor via inclusion of extraction & RT-PCR controls in each batch that are put through the 
entire process – this is really essential QC

• Should things go wrong, it is essential to perform a deep clean – UV and bleach, dispose of 
all PPE and reinforce directional workflow

Extraction control

RT-PCR control

Extraction control

RT-PCR control

Evidence of contamination A clean run 



The packed equipment

Never underestimate the value of an effective labelling system

Packing lists are critical



Use of ARTIC workflow for COVID sequencing -
Cambridge COG-UK site 

23rd March
2020 July 2021Week 1 Week 2 Week 3

No equipment
No reagents

Established SARS CoV
seq workflow
Established regular 
shipment to WTSI

Established robust 46 
sample per day workflow
Established robust metadata 
collection, QC and upload

33 genomes 330 genomes 632 genomes

GridION installed >15,000 sequenced 
locally

>5000 shipped to WTSI

COG-UK “Go”



Time to upload

• Generating sequence data 
is just the first step

• Essential data is rapidly 
available for analysis

• Linked metadata critical



Summary
• Most practical issues associated with rapid viral genome sequencing 

have been solved
• Issues remain around data analytics and data sharing
• Data sharing is important but scientists frequently abuse data access
• Viral genomics has a role to play in epidemic response BUT its utility will 

differ from epidemic to epidemic
• Effective linkage to patient data and epidemiological information critical 

for extracting the full utility of viral genomics



https://artic.network/

https://www.cogconsortium.uk/


