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Anatomy of the coronavirus
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Lipid membrane

Why should we be worried?

Disease MERS SARS
2012, 2015 2002-

Outbreaks 5018 5004

Epidemiology

Confirmed 5494 8096

cases

Deaths 858 774

Case

fatality 37% 9.2%

rate

COVID-19

2019-
2020

7,930,989

433,783

5.5%
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University Hospital of South Manchester

Angela Simpson, Timothy Felton, Helen Francis, Lesley Lowe, Chantelle
Hayes, Rhys Tudge, Gael Tavernier, Lisa Willmore, Joanne Mitchell,
Hannah Durrington, Laurence Pearmain, Katrina Moore, Susannah
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\ Monocytes and Neutrophils
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IL-B, IL-8, IL-10, IFN-y, 5 ml serum per T cells
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CXCL10, CCL2 l ‘
TEMPUS tubes N
Whole blood T
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MENSESNEN  Global alterations to innate and adaptive immune cells
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T cells

Basophils L

B cells /
NK cells Eosinophils

Monocytes

Healthy Neutrophils

Mild COVID-19

visualised by UMAP in fresh whole blood samples

17-parameter Flow cytometry

Markers associated with distinct immune
populations and activation

Moderate COVID-19 Severe COVID-19

CD16'°% Granulocytes




WENBIENENY  Restoration of balance of T cells and neutrophils is

The University of Manchester associated with good outcome
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Monocytes play a critical role in respiratory infections

The University of Manchester

Bone marrow

Pool of haematopoietic
stem cells

Infection and cytokine
storms: monocytes
mobilized from bone

marrow

O

CCR2* monocytes

Monocytes recruited from
circulation: some
differentiate

Contribute to excess inflammation,

Manchester , _ _
Academic Health tissue damage and fibrosis
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Enhanced expression of cell cycle marker Ki67 in

The University of Manchester COVID-19 monocytes upon admission
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Reduced expression of cyclo-oxygenase 2 (COX2) in
The University of Manchester COVID-19 monocytes

NSAIDs Viruses
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e the COVID-19 disease course?
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Manchester
Academic Health
Science Centre



MANCHESTER What happens to cytokine storm

1824

The University of Manchester throughout the COVID-19 disease course?
Systemic cytokines drop soon after ITU admission
IL-6 IP-10 MCP-1
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Infection fatality ratio by age group

Age Median 959% CrI (lower) 959% CrlI (upper)
<lyear,1-4 0.00045% 7.8e-05% 0.002%
5-14 0.0013% 0.00071% 0.0023%
15-24 0.0043% 0.0029% 0.0062%
25-44 0.029% 0.025% 0.034%
45-64 0.44% 0.4% 0.49%
65-74 2.9% 2.6% 3.2%

/5+ 17% 14% 22%

Birrel P, et al. (2020). COVID-19:nowcast and forecast. https://www.mrc-bsu.cam.ac.uk/now-casting/
(Accessed: 14/07/2020)



Age
Sex
Male
Female
BMI
Co-morbidity
Diabetes
IHD
HTN
COPD
Asthma
Malignancy

Patient details:

All patients (49)
61 (51-71)

31 (63.3%)
18 (36.7%)
27.5 (24.9 - 30)"

8/49 (16.3%)
5/49 (10.2%)
14/49 (28.6%)
9/49 (18.4%)
5/49 (10.2%)
3/49 (6.1%)

Mild (18)
61.5 (45— 72.5)

11 (61.1%)
7 (38.9%)
271 (23.6-30)’

3/18 (16.7%)
2/18 (11.1%)
5/18 (27.8%)
4/18 (22.2%)
2/18 (11.1%)
0/18 (0%)

Moderate (21)
59 (51 -68)

13 (62%)
8 (38%)
28.3 (25.7-30 )

2/21 (9.5%)
1/21 (4.8%)
7/21 (33.3%)
4/21 (19.1%)
3/21 (14.3%)
1/21 (4.8%)

Severe (10)
66 (52 —72.5)

7 (70%)
3 (30%)
26.5 (24.9-30.4 )

3/10 (30%)
2/10 (20%)
2/10 (20%)
1/10 (10%)
0/10 (0%)
2/10, (20%)



So what? Our results have clinical implications:

Disease severity is driven by the innate immune system

Patients who go on to have severe COVID-19 can be identified on admission: High Ki-67, Low
COX-2, Low T cells, High neutrophils

The cytokine storm abates prior to ITU
Use of non-steroidal anti-inflammatory drugs (NSAIDs) would compound the already low
COX-2

Recommended therapeutics:
To stop recruitment of immune cells: complement anaphylatoxin C5a or IL-8 (CXCL8)

To stop bone marrow release: Inhibit CXCR2
To stop neutrophil survival: , neutrophil elastase inhibitors and inhibition of G-CSF, IL-23

To reduce neutrophil effects: Target toxic products such as S100A1/A2, HMGB1 and free
radicals, formation of NETS
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The One Manchester approach
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Tameside and Glossop

Marc Feldmann, Ling-Pei Ho, Oxford.

Doreen Cantrell Dundee.

Immunologists:

Elizabeth Mann, Madhvi Menon, Joanne Konkel, John Grainger, Sean
Knight, Christopher Jagger, Tovah Shaw, Siddharth Krishnan, Halima Ali
Shuwa, Nicholas A. Scott, Alistair Chenery, Mehwish Younas, Kathryn
Gray, Saba Khan, Emma Connelly, Miriam Franklin, Silvia Liu, Christine
Chew, Flora A. McClure, Barbora Salcman, Oliver Brand, David Morgan,
Ruth Stephens, Verena Kaestele, Thomas Williams, Graham Lord, Tracy
Hussell

Salford Royal NHS Foundation Trust, Greater Manchester :

Sean Knight, Nawar Bakerly, Rob Oliver, Seamus Grundy, Alexander G.
Mathioudakis, Rohan Ahmed, Emma Hardy, Christina Parkinson, Seema
Sharma, Evelyn Charsley, Clare Moizer, Paul Dark.

Pennine Acute NHS Foundation Trust, Greater Manchester:
Andrew Ustianowski, Laura Durrans, Karen Connolly, Jacinta Guerin, Jade
Harris, Gabriella Lindergard, Joanne Shaw, Simon Dawson

University Hospital of South Manchester

Angela Simpson, Timothy Felton, Helen Francis, Lesley Lowe, Chantelle
Hayes, Rhys Tudge, Gael Tavernier, Lisa Willmore, Joanne Mitchell,
Hannah Durrington, Laurence Pearmain, Katrina Moore, Susannah
Glasgow, Jane Shaw, Jasmine Egan, Grace Padden, Roanna Warren, Stuart
Moss, Miriam Avery, Anu John, Pamela Hackney, Katharine Birchall, Lara
Smith, Richard Clark, Ananya Saha, Nicola Godfrey, Simon Stephan, Louis
Wareing, Bethany Jolly, Elizabeth Shepley

Bioinformaticians:
Magnus.Rattray, Mike Phuychareon, Mudassar Igbal, Syed Murtuza Baker



