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Burden of selected infectious diseases (mortality
and incidence): EU/EEA countries, 2009-2013
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The diameter of the bubble reflects the number of DALY's per 100,000 population per year

DALY, disability-adjusted life year; EEA, European Economic Area; EU, European Union; HAV, hepatitis A virus; HBV, hepatitis B virus; IHID, invasive Haemophilus influenzae disease;
IMD, invasive meningococcal disease; IPD, invasive pneumococcal disease; STEC, Shiga toxin-producing Escherichia coli; TBE, tick-borne encephalitis;

vCJD, variant Creutzfeldt-Jakob disease; VTEC, verocytotoxin-producing Escherichia coli

Cassini A, et al. Euro Surveill 2018;23:17-00454
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Nature Immunology 16, 625-35 PM(C5985949

https://doi.org/10.1038/541590-018-0111-5

Progression of whole-blood transcriptional

signatures from interferon-induced to neutrophil- oo

associated patterns in severe influenza

Jake Dunning'®, Simon Blankley®?, Long T. Hoang©", Mike Cox

Philip L. James?, Chloe I. Bloom?, Damien Chaussabel?®, Jacques Banchereau
MOSAIC Investigators’, Miriam F. Moffatt®, Anne O'Garra
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5985949/

B I 08 FIRE Syndromic Trends

Respirqi’ory Pqi’h o g en Tre n d s comes from laboratories using BioFire’s clinical diagnostic systems for detecting infectious disease
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SyndromicTrends.com is a website displaying trends in the U.S. for various infectious pathogens related
to syndromic diseases such as respiratory and gastrointestinal illnesses. SyndromicTrends.com’s data

pathogens and that have joined BioFire’s data aggregating program, BioFire® Syndromic Trends (Trend).
BioFire® FilmArray® Systems detect the presence of pathogen-specific nucleic acid in patient samples.
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Pathogen interactions in pathogenesis




Imperial College When we sneeze, does the immune system catch a cold? BMJ

London Viral infections may have important effects on the body’s response to bacteria and other viruses

The presence of pathogens is often insufficient alone to
produce illness. Many healthy people carry pathogenic
bacteria (such as Neisseria meningitidis or Streptococcus

pneumoniae) in the upper respiratory tract yet only a few “winfections do not

develop invasive disease. Among the factors that convert . \ ,

carriage to disease is coinfection with common cold viruses. occur in isolation and
This_ interactiqn was recently §tudied in Clilad','vyhere about need to be viewed in

one in three children were carriers of N meningitidis, probably

imported from Mecca by returning pilgrims. An epidemic of the context of the
memngoco.ccal meningitis pccurred the year after the pllgn_m- previous and concurrent
age, and at its peak 141 patients were admitted to one hospital ]

in a single day. Some 4500 cases of meningococcal disease experience of the

occurred in the city of N’Djamena—an attack rate of 0-9%.
Careful attempts were made to isolate respiratory pathogens
from 62 patients with meningococcal meningitis and from 62
matched controls. Positive isolations of Mycoplasma spp, ] P ] M OPENSHAW
adenovirus, respiratory syncytial virus, or parainfluenza Wellcome Trust Senior Research Fellow in

immune system”

viruses were made in 47% of the patients with meningitis and Rggﬂ;ﬁscg:f:s’

11% of the control group, giving a matched odds ratio of 23 St Mary’s Hospital Medical School,

(95% confidence interval 3-1 to 170)." London W2 IPG

BM] voLuME 303 19 OCTOBER 1991 935

Openshaw PJ. BMJ. 1991;19;303(6808):935-6.




Interactions between influenza and bacterial respiratory  Lancet infect bis 2006; 6:
pathogens: implications for pandemic preparedness e

JohnF Brundage

In 1919, Abrahams and colleagues® reviewed their  Expeditionary Forces in Europe documented a sharp rise
extensive experience during the 1918-19 influenza in reports of cerebrospinal meningitis approximately
pandemic. They reported that Streptococcus pyogenes 1 week after sharp increases in reports of influenza and
longus (36%), pneumococcus (29%)’ and B inﬂuenzae pneumonia. The bulletin noted that “it has been a usual
(25%) were recovered relatively frequently from cultures ~ observation that when infections of the upper respiratory

(n=28) of lung tissue of fatal “influenzal pneumonia”  tract prevail, the incidence of meningitis in the community
increases soon after and this rule prevails at present”.

Figure 2: Faces of “influenzo-pneumonic septicaemia”

(A) “An early case in which the facial colour is frankly red, and the patient might not appear ill were it not for the drooping of the upper eye-lids and a half-closed
appearance to the eyes.” (B) “Cyanosis in which the colour of the lips and ears arrests attention in contrast to the relative pallor of the face. The patient may yet live for
twelve hours or more.” (C) “The heliotrope cyanosis. The patient is not in physical distress, but the prognosis is almost hopeless.” Reproduced from reference 32.

Brundage JF. Lancet Infec Dis. 2006;6(5):303—12.
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Coinfection with influenza is associated with

worse outcomes in severe Covid-19 Published Online
March 25, 2022
Maaike C Swets MD, Clark D Russell MBChB, Prof Ewen M Harrison PhD, Annemarie B Docherty PhD, Nazir Lone PhD, https://doi.org/10.1016/
Michelle Girvan BSc, Hayl E Hardwick, ISARIC4C Investigators, Prof Leonard G. Vi r PhD, Prof Peter JM
Opcenesheaw Ph;, Gee:t H ;}:oeeyneveldaPhD: Prof Malcolm G ::m?)TeOP:D*, I:rof jtl)(eann:tsh Bailliest’:D*. or e 50140'6736(22)00383'X
Unweighted Weighted
+ Studied co-infection in 212,466 people with OR(95% ) | oRE5% ) :
. . . % vaiue value
COVID-19 in isaricdc.net/; 583 (8.4%) had viral g .
co-infections (influenza: 227; RSV: 220; N mEchua ventition
adenovirus:136) Adenovirus 122 (0-72-1-99) 0-44 0-64(018-1.68)  0-42
I Influenzavirus 1.68 (1.14-2-45) 0-0073 4-14 (2.00-8-49) 0-0001 ||
+ After inverse probability weighting, multivariable Respiratory syncytial 1.05 (0-68-1.59) 0-82 078 (0:15-2-70) 073
regression showed that flu co-infection increased VUL
the odds of receiving IMV (OR 4.14; 95% Cl i hospltat mostality
2.00-8.49) or death (OR 2.35; CI 1.07-5.12). SHRHOIRG et ot Y il
{ Influenzavirus 1.49 (1.04-2-12) 0-027 235 (1.07-5-12) 0-031 ||
Important to test for influenza and to prevent Respiratory syncytial 120 (0-84-172) 031 0-60(0-69-210)  0-47
and treat co-infections appropriately hickei
Model is adjusted for the following confounders: age, sex, number of comorbidities, treatmentwith
Th e Lancet. Mar Ch 25 2022 corticosteroids, days since the start of the pandemic, co-infection, and 4C Mortality Score. OR=odds ratio.
4 ?
https://doi.ore/10.1016/S0140-6736(22)00383-X Table: Multivariable model of the effect of co-infection compared with SARS-CoV-2 monoinfection



https://isaric4c.net/
https://doi.org/10.1016/S0140-6736(22)00383-X

Lockdown caused a major reduction in pneumococcal

° ° ° ° e A: Bacteremic pneumonia [
disease without affecting carriage rates g 1o
g
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https://doi.org/10.1038/541590-018-0231-y

Inflammation induced by influenza virus impairs Jochems SP, et al. Nature Imm unology ive attenuated influenza virus

. . . - 1 +
human innate immune control of pneumococcus .2018;19:1299-1308. Carriage” Carmage
Day2 Day9 Day2 Day9

SimonP.Jochems©'#*, Fernando Marcon?#, BeatrizF. Carniel', Mark Holloway, Elena Mitsi',

Emma Smith’, JennaF.Gritzfeld', Carla Solérzano’, Jestis Reiné’, Sherin Pojar’, Elissavet Nikolaou',
EstherL.German', Angie Hyder-Wright'*, HelenHill'?, CazHales ", WouterA.A.deSteenhuusenPlters 56, M5 . ‘
Debby Bogaert*>¢, Hugh Adler ©", Seher Zaidi', VictoriaConnor'3, S B.Gordon", Rylance ®
Helder 1. Nakaya®2* and Daniela M. Ferreira®'™ -— High CXCL10 levels
. at baseline Interferon
* In human challenge with 6B pneumococcus, early — Low CXCL10 levels signaling -
degranulation of resident neutrophils and s bessine
recruitment of monocytes to the nose was observed wd ¢ 3. i b _
o ;
* Nasal infection with live attenuated influenza virus 8
. . . . . . . s IFN-y signaling
induced inflammation, impaired innate immune :
fungtlon and altered nasal gene transcription to the £ 1SG15 antiviral
carriage of pneumococcus & , ek
» Levels of CXCL10, promoted by viral infection, g ____ ¢ ¥ {gﬁchaﬁa"s?l'ﬁg “
" . . . . -stimulate
positively associated with increased bacterial load GRTFeuRs genes
.. e . . Time e_ifter S. pneumoniae ! ! y . )
* Disinhibition of resident pneumococci leads to inoculation (d) 0 5 10 15 20
bacterial pneumonia during influenza SRR )

Over-representation analysis of

« . . ; . . module M5 of the live attenuated
Carriage [of pneumococci] in the absence of live attenuated influenza virus was influenza virus group using gene

associated with only limited inflammation, corroborating the view of S. pneumoniae as a ZZ‘LZZZJS’Z the Reactome Pathway
commensal bacterium”



https://www.nature.com/articles/s41590-018-0231-y#auth-Simon_P_-Jochems
https://www.nature.com/articles/s41590-018-0231-y#auth-Simon_P_-Jochems
https://www.nature.com/articles/s41590-018-0231-y#auth-Fernando-Marcon
https://www.nature.com/articles/s41590-018-0231-y#auth-Beatriz_F_-Carniel
https://www.nature.com/articles/s41590-018-0231-y#auth-Debby-Bogaert
https://www.nature.com/articles/s41590-018-0231-y#auth-Debby-Bogaert
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https://www.nature.com/articles/s41590-018-0231-y#auth-Seher-Zaidi
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What does human challenge with respiratory
viruses tell us about pathogenesis?
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Influenza challenge team*__./
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* Suzanna Paterson
+  Satwik Kar

*  Veda Avadhan

* Agnieszka Jozwik

« Aleks Guvenel

» Zoe Gardener

*  Emma Bergstrom

*  Anakin Ung

*  Mohini Kalyan

*  Peter Openshaw

e Chris Chiu y Medical

Research National Institute for
M RC Council Health Research

Experimental Medicine Initiative to Explore New Therapies (EMINENT)

EMINENT represents a unique collaborative network, funded up to £8M by the MRC matched in-kind by GSK.
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symptoms & viral load: comparing RSV and flu
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Modular analysis of time-course transcriptional
response to Influenza H1N1 in human volunteers

Fatih Bogaards', Cosimo Cristella’, Karen de Haan', Sarah van Leeuwen', Christopher =~ o™ ®*s,

V Chiu?, Zoe Gardener?, Peter Openshaw?, Menno de Jong' 4 %“‘a_,
“ "Medical Microbiology, Medical Integromics, Amsterdam UMC 173% PR‘E':REg
2Faculty of Medicine, National Heart & Lung Institute, Imperial College London @%e,_mmw“"

Whole blood RNA

GO Terms and modules
First 10 days
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per Module

regulation of

transcription by RNA
polymerase I

negative regulation

of execution phase of apoptosis

neutrophil degranulation

translational initiation

proteasomal ubiquitin
independent protein catabolic process
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Cosimo Cristella & Menno de Jong



Imperial College First SARS-CoV-2
London challenge study

Clinical design and recruitment

» Extensive public support &
interest: ~27,000 on-line
registrations

« Seronegative volunteers

«  53% infection rate using
10 TCID50 inoculum dose

Killingley, Mann et al. Nat Med 2022

26,937 individuals
registered their interest on-line

A

6.135 volunteers were called
for telephone pre-screening

3,716 were uncontactable
2,232 failed to meet criteria

- 484 were outside age range

- 593 were no longer interested
- 321 were non-UK resident

- 217 had been vaccinated

- 199 had previous COVID-19
- 308 met other exclusions

110 were not invited for other
reasons

\

187 volunteers were assessed
for eligibility

\

36 inoculated with SARS-CoV-2

148 were excluded at screening
- 45 due to medical history

- 18 were not available for visits
- 14 were no longer interested

- 11 were seropositive

- 10 were uncontactable

- 8 had been in other studies

- 6 were positive for cotinine

- 6 had high QCOVID score

-4 due to drug history

-4 due to blood test abnormalities
- 22 met other exclusions

3 Withdrew

l—>

Y Y

2 were excluded due to post hoc
detection of baseline antibodies

18 developed PCR 16 remained uninfected
confirmed infection

SARS-CoV-2
Screening inoculation
Admission to Discharge from
quarantine unit quarantine unit
Upto-90 -2 Day 0 5 10 14 28

Chest CT
1

'

, Follow-up
1

Daily respiratory and blood sampling




Imperial College

London First SARS-CoV-2 challenge study

Throat - o 1
Viral & clinical headlines S E
- Short incubation (40h, variable) i i3
» Rapid onset VL in throat a5 1
« Peak VL higher in nose " :

Highly abundant Viral Shedding pay Postmocuiaton 1234587 8 010111213141516171812 28-
Nose Day Post-inoculation
¢ M I Id Sym pto m S : x::: :gzg 25 :u’:lz:u';e(gizz’;ln’t{) 41 « Remdesivir-treated
» No remdesivir
« Remdesivir had little benefit g L9
. 23
* Frequent smell disturbance ek o
* Full recovery in all cases £8 ]
ok .
Nature Medicine 28:1031-1041 (2022) https://www.nature.com/articles/s41591-022-01780-9 Dy Fost-inacujatian
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Imperial College Mucosal Mediators

London
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different levels in different individuals
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Nasosorption samples (morning sample) COVID-19 Human Challenge: Infected vs Uninfected

Days since challenge: -1
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What have we learnt about treating COVID
and does that help in treating flu®?



Effective mucosal antiviral response Mild COVID
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. _: 05 activated T cells, B upper respratocy ract
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e ; infection . < ¢
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See also https://www.bmj.com/content/370/bmj.m3379 April 07, 2022



https://www.bmj.com/content/370/bmj.m3379
https://doi.org/10.1016/S2213-2600(22)00053-4

Ca

0.7339
0.1842
0.0351
0.7860

0.1351

medicine mw/doimgm_mgilLS!;E https://www.nature.com/articles/s41591-021-01488-2.pdf
GREN Bosp e https://doi.org/10.1038/541591-021-01488-2

PEN
'Convalescent plasma for hospitalized patients et B ——— - R

. . Supplier 2 53/180 (29.4 19/88 (21.6) e 1.36 (0.86,2.16)
with COVID-19: an open-label, randomized Siler3 aros 53335 W;.giggi 1'32383?‘3'23E

& upplier X % 9
E contro"ed trlal Favors conval:i:;::nr: ;a:::: standard

Philippe Bégin ©'287%, Jeannie Callum ©345687% Erin Jamula’, Richard Cook?, Nancy M. Heddle®7?,

* Open-label, randomized trial of convalescent plasma for adults with
COVID-19 receiving oxygen within 12 d of respiratory symptoms

» Allocated 940 patients 2:1 to 500 ml convalescent plasma
» Trial terminated after meeting stopping criteria for futility

* Intubation/death occurred in 199/614 (32.4%) patients in the
convalescent plasma arm and 86/307 (28.0%) control patients

* Patients given plasma had more serious adverse events
(33.4% versus 26.4%; RR=1.27, 95% CIl 1.02-1.57, P=0.034).

* Increases in neutralization or antibody-dependent cellular cytotoxicity
reduced the potential harmful effect of plasma, whereas 1gG against the
full TM spike protein increased it (OR =1.53, 95% CI 1.14-2.05).

Transfusion of convalescent plasma with unfavorable antibody
profiles could be associated with worse clinical outcomes compared
to standard care
Randomized trial of plasma in COVID-19 showed no benefit, and
potentially increased harm associated with IgG against full
transmembrane spike protein
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https://www.nature.com/articles/s41591-021-01488-2?utm_source=twitter&utm_medium=social&utm_content=organic&utm_campaign=NGMT_USG_JC01_GL_NRJournals#auth-Philippe-B_gin
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https://www.nature.com/articles/s41591-021-01488-2.pdf
https://doi.org/10.1038/s41591-021-01488-2

Imperial College Remdesivir transiently reduces nasal VL following human SARS-CoV-2 challenge.

London From: Safety, tolerability and viral kinetics during SARS-CoV-2 human challenge in young adults
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https://www.nature.com/articles/s41591-022-01780-9

Wang et al Lancet 2020; 395: 1569-78 Published Online April 29, 2020 https://doi.org/10.1016/

Remdesivir in adults with severe COVID-19: a randomised,

double-blind, placebo-controlled, multicentre trial

YemingWang*, Dingyu Zhang*, Guanhua Du¥, Ronghui Du*, Jianping Zhao*, Yang Jin*, Shouzhi Fu*, Ling Gao*, Zhenshun Cheng*, Qiaofa Lu®,
YiHu*, Guangweiluo®, KeWang, Yang Lu, Huadong Li, Shuzhen Wang, Shunan Ruan, Chengging Yang, Chunlin Mei, YiWang, Dan Ding, FengWu,
XinTang, Xianzhi Ye, Yingchun Ye, Bing Liu, Jie Yang, Wen Yin, AiliWang, Guohui Fan, FeiZhou, Zhibo Liu, Xiaoying Gu, Jiuyang Xu, Lianhan Shang,
Yi Zhang, Lianjun Cao, Tingting Guo, Yan Wan, Hong Qin, Yushen Jiang, Thomas Jaki, Frederick G Hayden, Peter W Horby, Bin Cao, ChenWang
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Figure 2: Time to clinical improvement in the intention-to-treat population
Adjusted hazard ratio for randomisation stratification was 1-25 (95% Cl
0-88-178). *Including deaths before day 28 as right censored at day 28,

the number of patients without clinical improvementwas still included in the

number at risk.
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Figure 3:Viral load by quantitative PCR on the upper respiratory tract
specimens (A) and lower respiratory tract specimens (B)

Data are mean (SE). Results less than the lower limit of quantification of the PCR
assay and greater than the limit of qualitative detection are imputed with half of
actual value; results of patients with viral-negative RNA are imputed with 0 log,,
copies per mL.
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No statistically significant
benefits but did not attain the
predetermined sample size
because the outbreak of
COVID-19 was brought under
control in China.

“Earlier treatment and
higher-dose regimens alone or in
combination with other antivirals
or SARS-CoV-2 neutralising
antibodies in those with severe
COVID-19 are needed to better
understand its potential
effectiveness.”
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Dexamethasone in Hospitalized Patients
with Covid-19 — Preliminary Report

The RECOVERY Collaborative Group*

RECOVERY: Adaptive randomised trial

Over 11,500 COVID-19 patients, 175 NHS UK
hospitals

8 June 2020: recruitment to dexamethasone

halted. 2,104 patients given dexamethasone 6 mg (= 40mg
of Prednisolone) once per day either by mouth or i.v. for ten
days; cf. 4,321 patients on usual care

Among the patients who received usual care,
28-day mortality:

* 41% in those on ventilators

* 25%in those on 02

* 13% in those with normal O2 levels

Dexamethasone:

No Oxygen Received (N=1535)

Mortality (%)

504
Rate ratio, 1.19 (95% Cl, 0.91-1.55)
40-|
30
204 Dexamethasone
10+ Usual care
o T T T )
0 7 14 21 28

Days since Randomization

Oxygen Only (N=3883)

50+
Rate ratio, 0.82 (95% Cl, 0.72-0.94)
40
£
= Usual care
£
S 204
= Dexamethasone
10
T T T 1
0 7 14 21 28

Days since Randomization

Invasive Mechanical Ventilation (N=1007)

509
Rate ratio, 0.64 (95% Cl, 0.51-0.81)

404 Usual care
g 304
>
&
£ Dexamethasone
S 201
=

104

o T T T J
0 7 14 21 28

Days since Randomization

Respiratory Support
at Randomizati

D I

Invasive mechanical
ventilation

Oxygen only

No oxygen received

All Patients

Usual Care

no. of events/total no. (%)

95/324 (29.3)

298/1279 (23.3)
89/501 (17.8)
482/2104 (22.9)

Chi-square trend across three categories: 11.5

Rate Ratio (95% Cl)

283/683 (414) —@——
682/2604 (26.2) ——
145/1034 (14.0) I
111074321 (25.7) L
T T T |
0.50 075 100 150  2.00
Dexamethasone Usual Care
Better Better

0.64 (0.51-0.81)

0.82 (0.72-0.94)

1.19 (0.91-1.55)

0.83 (0.75-0.93)
P<0.001

Figure 3. Effect of Dexamethasone on 28-Day Mortality, According to Respiratory Support at Randomization.
Shown are subgroup-specific rate ratios for all the patients and for those who were receiving no oxygen, receiving
oxygen only, or undergoing invasive mechanical ventilation at the time of randomization. Rate ratios are plotted as
squares, with the size of each square proportional to the amount of statistical information that was available; the
horizontal lines represent 95% confidence intervals.

* reduced deaths by one-third in ventilated patients (0.65, Cl 0.48 to 0.88; p=0.0003)
* reduced deaths by on fifth in other patients on oxygen (0.80 [0.67 to 0.96]; p=0.0021)

UK policy was immediately changed



Lancet 2021; 397: 1637-45
Tocilizumab in patients admitted to hospital with COVID-19

(RECOVERY): a randomised, controlled, open-label, platform
trial

RECOVERY Collaborative Group*
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Interpretation In hospitalised COVID-19 patients with hypoxia and systemic inflammation, tocilizumab
improved survival and other clinical outcomes. These benefits were seen regardless of the amount of

respiratory support and were additional to the benefits of systemic corticosteroids
O,

https://www.thelancet.com/journals/lancet/article/Pl1IS0140-6736(21)00676-0/fulltext
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Baricitinib in patients admitted to hospital with
COVID-19 (RECOVERY): a randomised, controlled,

open-label, platform trial and updated meta-analysis
Peter W Horby and Prof Martin J Landray for the RECOVERY Collaborative Group

Janus kinase (JAK) 1/2 inhibitors may be used for COVID-19,
but trials have varied.

Tested its use in hospitalised COVID-19, baricitinib 4 mg daily
by mouth for 10 days or until discharge

Findings: Between 2.02.2021 and 29.12.2021, 8156 patients

were randomly allocated (95% receiving corticosteroids, 23%
initially receiving tocilizumab).

12% of those given baricitinib died vs. 14% those allocated to
usual care (p=0-026).
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Implementation of corticosteroids in treatment of COVID-19 +§ (!)

inthe ISARIC WHO Clinical Characterisation Protocol UK:
prospective, cohort study

Fiina Nirhi, S Ramani Moonesinghe, Susan D Shenkin, Thomas M Drake, Rachel H Mulholland, Cara Donegan, Jake Dunning, Cameron | Fairfield,
Michelle Girvan, Hayley E Hardwick, Antonia Ho, Gary Leeming, Jonathan S Nguyen-Van-Tam, Riinu Pius, Clark D Russell, Catherine A Shaw,

Rebecca G Spencer, Lance Turtle, Peter | M Openshaw, ) Kenneth Baillie, Ewen M Harrison, Malcolm G Semple*, Annemarie B Docherty, *
on behalf of the ISARIC4C investigators}

» Dexamethasone was the first intervention proven to reduce
mortality in patients with COVID-19 being treated in hospital.

* Evaluated the adoption of corticosteroids in the treatment of
COVID-19 in the UK after the RECOVERY trial publication on
June 16, 2020

* Prospective, observational, cohort study in 237 UK acute care
hospitals between March 16, 2020, and April 14, 2021, in
patients aged 18 years or older with proven or high likelihood of
COVID-19 who received supplementary oxygen.

* Those 50 years or older were significantly less likely to receive
corticosteroids than those younger than 50 years (OR 0-79).

* Rates of steroid administration increased from 27:5% in the
week before June 16, 2020, to 75-80% in January, 2021.

* Implementation practice change for UK for patients was
successful, but not universal.

Lancet Digit Health 2022; 4

https://www.thelancet.com/pdfs/journals/landig/PI1S2589-7500(22)00018-8.pdf
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Figure 3: Fitted lines of the linear regression model for corticosteroid administration to patients who
required oxygen, admitted to hospital between March 16, 2020, and April 18, 2021

Points represent weekly percentage of patients receiving any corticosteroid (dexamethasone, hydrocortisone,
prednisolone, or methylprednisolone). The red vertical line represents the publication of the RECOVERY trial results
and initial guidelines for steroid administration on June 16, 2020. Shaded areas around the fitted lines represent
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Sequential events during SARS-CoV-2 infection

The immunopathogenesis of COVID-19 can be depicted as an early viral phase followed by an inflammatory phase, which may be restricted or spread outside the
respiratory tract. Immune control occurs at various stages (blue arrows), while inflammation is important in disease pathogenesis (red arrows). Local and systemic
immunoglobulin (Ig) operates at multiple levels, direct and indirect; VN-Abs are detectable from day ~10 for at least 3 months.
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ADCC, antibody-dependent cellular cytotoxicity; CXCL, C-X-C chemokine ligand; GM-CSF, granulocyte-macrophage colony-stimulating factor;
IL-6, interleukin-6; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TNF, tumor necrosis factor; VN-Abs, virus-neutralizing antibodies.

‘Using correlates to accelerate vaccinology’ Openshaw, PJM.
Science 2022
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Imperial College ESWI Webinar: Immunisation & Treatment,
London 30" Nov 2023

What did we learn during COVID that also applies to influenza?

X: P_Openshaw
p.openshaw@imperial.ac.uk




