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In the UK, investigation of COVID-19 workplace outbreaks are undertaken by
public health bodies and regulators.....but they do not necessarily collect
consistent information across outbreaks and data quality can vary, limiting
meaningful analysis

COVID-OUT plan — to develop and deploy a methodology to collect a
consistent and comprehensive set of data in a systematic way from
workplaces that are experiencing an outbreak
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n outbreak in a large warechouse/distribution centre

Epi-curve of COVID-19 cases by date

[Surface sampling ]

Company testing
data (de-identified)
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assessment

«  Workforce details

«  Outbreak details

« Detailed site description:
«  Maps, worker activity
levels, access control,
cleaning regime,
temperature humidity,

noise levels, ventilation /

Parficipant data
«  Questionnaires

+ Bloodtests
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Nose and throat swabs
Hand wipes
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Total number of outbreak notifications 89, of which 48 were contacted

Industry Sector

W Food Production

m Manufacturing

M Retail

i Warehouse
Distribution

| Office

W Construction

Other

Site Recruitment Status

M Agreed

m Declined
B Unsuitable
= Pending

m No Action
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Insights

Outbreak in general manufacturing premises in East Midlands, UK (March — April 2021)

Heterogeneous attack rate in different work areas

CO, levels in all areas were low (<700ppm), indicating
adequate ventilation

Attack rate higher in more densely populated areas
Low-level of environmental contamination (Ct values > 32.0) . I

Attack rates by work area for all employees, as reported by the employer
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Outbreak in office environment — August 2021

High degree of public facing activity

Attack rate approx. 50%

Some mobile staff moving around the workplace

Surface contamination in localised areas — additional cleaning

Rapid communication in advanced state of drafting



Insights — social distancing
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Frequently not achieved in manufacturing

Difficult to re-arrange complex production areas
containing large items of fixed equipment

Noise and face coverings combined impair verbal
communication

Control ‘fatigue’ ?
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Insights — ventilation

COVID General Ventilation Initial Assessment Tool .
BREATHE FREELY
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Possibly the biggest challenge in terms of risk control
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Surface sampling ?SEE
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Study recruitment — very challenging

Environmental assessment — very challenging

BUT
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Real world insights add detail and ‘colour’ to epi studies, support the
development and validation of models, support the production of improved
(audience appropriate) risk control guidance and help to triangulate findings

from other parts of PROTECT
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Modelling the physics of aerosol and
droplet dispersion

Simon Coldrick
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= To understand and characterise respiratory droplet dispersal

Example research questions

= What are the important fluid dynamics processes affecting dispersion of droplets?

= How effective are screens in reducing the risk of transmission?

= What affect do ambient temperature and humidity have on droplet distance travelled?
= What are the effects of distancing and ventilation?

Approach

= Develop a detailed CFD model that takes into account the key physics of the transport and
dispersion of droplets emitted when a person is talking or coughing

= Model the behaviour of the different size particles as they evaporate, travel through the air
and are affected by the environment / room ventilation



Dispersion model
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Computational Fluid Dynamics (CFD)

The flows of room air and exhaled
breath are calculated on a mesh
which is fitted to the geometry

The exhaled droplets are
modelled as particles, which
are injected with the
exhalation flow and interact
with the room air

* Diameter distribution

« Saliva model

Droplet count

10*

102

T
BLO count

[ Sample count
BLO distribution

" i b il A
10 102 103
Diameter (pum)



What information can the model provide? 3E

Advantages

Description of relatively complex
geometries

Ventilation and ambient flows

Distributions of particle sizes and
droplet evaporation

Information on
deposition/airborne fractions

Assessment of viral load

Visualisation to help
understanding
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Limitations

Modelling an idealisation, not reality
(similar to an experiment)

Models are limited by the strength of
the input assumptions

Models need to be validated for given
scenarios and there is a lack of data
In this field

Model run times can be long
There are many inputs

Comparative, rather than absolute
results



Model Validation
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20 Cumulative results, centreline
I Standard source
I Modified source

o5 L [l Experiment (mean +SD)

Count
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150 Cumulative results, Andersen

I Standard source
I Modified source
[l Experiment

Particles “sampled” at
sample locations

100

Count

Short-scale aerosol and droplet generation with and without use of masks:

50
an initial analysis of a pilot study at PHE Porton Down (8 out of 10 participants)

Ginny Moore, Simon Parks, Helen Rickard, Allan Bennett

AS2m

AS 1 m left



The effect of temperature and
humidity on dispersion

= Meeting room with mixing ventilation

— Ceiling supply and extract

= No furniture
= Air change rate = 5 h'1, no recirculation

= Average of 3 x cough, no mask

= 5 minutes mixing period per cough
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Application of the model (screens) §SEE
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Animations
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Application of the model (filter)

Particles/CO,

particle-tracks-1

Particle Diameter
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Dose (virus m s)

Without filter

With filter
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Conclusions HSE

= A CFD model of exhalations has been developed:

— It performed relatively well against the available experimental
data

— It has helped provide insight into the physics of exhaled
droplet dispersion

— It has been used to model a number of scenarios and provide
Input into other models and decision making

= Development of expertise
= Collaboration
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Occupational Risk of COVID-19 Transmission

Sarah Beale
Institute of Epidemiology and Health Care, University College London

Sarah Rhodes
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Research Questions and

Design
Study 1
Weekly symptom, testing, and vaccination reporting ‘
« How do occupations differ in their risk of SN | social/behaviourl  ortactdiaries
) ) onthly social/behavioural surveys, inc. contact diaries
SARS-CoV-2 infection beyond the effects Consent and Survey g

(~50,000 individuals) Linkage to COVID-19 surveillance records

of socio-demographic and health-related
factors and non-workplace activities?

Ll Sl Baseline Sera Follow-Up Sera
Cohort (~7,000 (Sept/Oct 20) (May/June 21)
individuals) Swabbing during illness
Study 2
« How do work-related contact patterns Home Antibody

. . . ) Testing Sub-Cohort
differ by occupatlons and over time* WEEROLORIGIVEIEINN Antibody test monthly /bimonthly (since Sep 21)




Infection Risk by
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Occupational Group

Healthcare Sales & Customer Service
Overall ———— Overall ——
Wave 1 0r 2 1 |Waweto0r2 ——
Wave 3 — Wave 3 ; — ;
Teaching, Education & Childcare Administrative & Secretarial
Overall ﬁ:i Overall 'tﬁ
Wave 1 or 2 E Wave 1 or 2 h
Wave 3 _:‘n Wave 3 *
Indoor Trades, Process & Plant Managers, Directors & Senior Officials
Overall E Overall I:i:<
Wave 101 2 _:4‘ Wave 10r 2 »’:ﬁ
Wave 3 - — Wave 3 ; = ]
Social Care & Community Protective Services Outdoor Trades
Overall E Overall i
Wave 1 or 2 E Wave 1 or 2 h
Wave 3 q ' Wave 3 l
Leisure & Personal Service Transport & Mobile Machine
Overall T — Overall = = Yy
Wave 1 or 2 ﬁ Wave 1 0or 2 : ‘
Wave 3 ;’_—- Wave 3 ;#:ﬂ

0.6 1 1.4 1.8 2.2 2.6 0.6
Risk Ratio (95% CI)

-

1.4 1.8

Adjusted . Adjusted . Unadjusted

2.2 2.6

Attributable fractions (exposed): 42% for healthcare professionals, 29% teaching/education/childcare,
29% social care and community protective services, 25% indoor trades/process/plant, 20% leisure and

personal service;
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Infection Risk: Specific

Occupations

Hurses Teachers {Primary) Carers
Overall E Overall Overall Overall
Wave 10r 2 E‘ Wave 10r 2 Wave 1 or 2 Wave 10r 2
Wave 3 C-j Wave 3 Wave 3 Wave 3
Doctors Teachers (Secondary) Salespeople, Cashiers & Shopkeepers
Overall E‘ Overall overall Overall ;':I:‘
Wave 1 or 2 E Wave 1o0r 2 Wave 10r 2 Wave 1 or 2 h
Wave 3 i:.: Wave 3 wave 3 Wave 3 »ﬂ:"
Warehouse & Process/Plant Occupations Teaching {Higher) Social Work & Welfare
Overall Overall \:b‘ Overall tﬁ‘ Overall
Wave 1 0r 2 Wave 10r 2 »’iﬁ‘ VWave 10r 2 h Wave 10r 2
Wave 3 Wave 3 \ﬂ:‘ Wave 3 'ﬂ: Wave 3
Food Preparation & Hospitality Teaching Support Occupations Cleaners Transport (Other
Overall Overall El Overall ’:ﬁ‘ Overall tb
Wave 10r 2 Wave 10r 2 E‘ Wave 10r 2 ’:ﬁ‘ Wave 1 or 2 ’:ﬁ‘
Wave 3 Wave 3 h Wave 3 ;‘:@ Wave 3 ;‘:@

02 06 1 14 18 22 26 3.0 34 38 0z 06 1 14 18 22 26 3.0 34 38 02 06 1 14 18 22 26 30 34 38 02 06 1 14 18 22 26 3.0 34 38
Risk Ratio (85% Cl)

Adjusted . Adjusted . Unadjusted

Attributable fractions (exposed): 54% carers, 48% primary school teachers, 47% nurses, 42% doctors,
39% secondary school teachers, 38% receptionists, 37% warehouse/process/plant occupations, 29%
teaching support occupations



Work Outside the Home
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Cutdoar Trades

Indoor Trades, Process & Plant | | Transport & Mohile Machine

| | Teaching, Education & Childcare
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014
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Contact at Work

* Long-term workspace sharing (4+ hours) the norm
except for transport and outdoor trades

Teaching, Education & Childcare 1

Sales & Customer Service 1

* Close contact less common than workspace sharing
(range 14-26% predicted probability)

Healthcare 4

Social Care & Community Protective Services 1

* Wearing face covering varied by occupation and time

Leisure & Personal Service 1

. 0 Healthcare 1
s Transport & Mobile Machine 1
. B+ Sales & Customer Service 1

Administrative & Secretarial 1

Occupation

i

Other Professional & Associate 1 . )
Leisure & Personal Service 1

c
) ‘ ) -2 Social Care & Community Protective Services 1
Managers, Directors & Senior Officials 4 ©
% Administrative & Secretarial
Q . . .
Indoor Trades, Process & Plant CO) Managers, Directors & Senior Officials 1

Indoor Trades, Process & Plant 1
Transport & Mobile Machine 1 Teaching, Education & Childcare 1
Other Professional & Associate 1

Outdoor Trades 1

<
©

Qutdoor Trades 1

o
o

~ ~ - — 0.2 0.4 0.6
Predicted Probability Predicted Probability

o
o

Maximum number of people in workspace Wearing face covering during close contact
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Key Points and Next Steps

* Persistent differences in infection risk across
occupational groups

« High-risk groups from Study 1 tended to demonstrate
multiple contact-related risks in Study 2

« Potential to inform interventions, i.e. face coverings,
social distancing, vaccination

« Limitations — generalisability, sample size esp. for
some groups, challenges with adjustment, broad time
Intervals

* Next steps — linking contact-related factors with
infection risk, understanding worker vulnerability by
occupation




Effect of occupation using
the ONS COVID-19
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Infection Survey

* Longitudinal survey including
approx. 300 000 adults of
working age

* Regular testing at survey visit

* Minimises bias due differential
testing by occupation

* Time to first CIS positive test

» Use of first available occupation
information (classified using 4
digit SOC)

* Repeated using time tranches
and including multiple infections
per person

* Adjustment for a series of
confounders



Results from ONS infection
survey (April 2020 to Oct
2021)

Cox regression based on first
available occupation code,
using time to first infection

N=286 990

17 048 events

“This work was produced using statistical data
from ONS. The use of the ONS statistical data in
this work does not imply the endorsement of the
ONS in relation to the interpretation or analysis
of the statistical data. This work uses research
datasets which may not exactly reproduce
National Statistics aggregates.”
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Hazard ratios for 13 categories of essential workers compared to non-essential worker

Health care professionals —
Health associate professionals —
Support staff —

Social care —

Education —

Food retail and distribution —
Food production —

Taxi and cab drivers and chauffeurs —
Bus and coach drivers —

Van drivers —

Other transport workers —

Police and protective services —
Sanitary workers —
Missing/incomplete —

Not working/Student —

$_

5 1

I
1.5 2 2.5

® age and sex ® age and sex and regiop
® age, sex, region, ethnicity and IMD
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Key points

e Similarities with Virus Watch
* Increased risk for social care, education, and food distribution

 Similarities with ONS Mortality (Nafilyan 2021%*)

* Education and protective services showed increase risk in CIS

* Adjustment for potential confounders makes very little difference
 Whereas it does for mortality

 Relative effects varied over time (as background rate and restrictions
changed)

* https://www.medrxiv.org/content/10.1101/2021.05.12.21257123v1
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Related work in Theme 3 f,f. PROTECT
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The University of Manchester

Directed Acyclic Graphs (DAGSs) for the
Review of relative risks for Covid-19 related study of effects of occupation on risk of

to working within occupational sectors COVID-19-related outcomes
where workplace attendance is essential

Mortality (linked/excess/proportionate)

Use of Job Exposure Matrix Longitudinal linkage collaboration
Time varying effects Biobank
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Thank you to our collaborators in the Virus Watch and PROTECT Theme 3
teams

This work was supported by funding from the PROTECT COVID-19 National Core Study on
transmission and environment, managed by the Health and Safety Executive on behalf of HM
Government.

Virus Watch is also supported by funding from the Medical Research Council and the National Institute
for Health Research
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