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Abstract
Nosocomial transmission of coronaviruses has been well reported in previous outbreaks of
Middle Eastern Respiratory Syndrome; MERS-CoV and Severe Acute Respiratory Syndrome;
SARS-CoV). COVID-19, the disease caused by novel coronavirus SARS-CoV-2, has been
associated with a significant rate of mortality and morbidity. In London and Liverpool, the risk
of nosocomial transmission SARS-CoV-2 has meant that patients who are not unwell but who
are unable to self-isolate at home have taken up valuable hospital side-rooms. This adds to
critical bed-shortages in over-stretched hospitals during the winter bed-pressure season. As
the epidemic evolves, healthcare workers may be inadvertently exposed to SARS-CoV-2
during in healthcare settings as isolation capacity is limited and not all patients will be isolated
prior to testing. Staff illness during these times further compounds the stress on provision of
quality health care.
There is a lack of evidence around the risk of acquisition of SARS-CoV-2 in Health Care
Workers (HCWs) who continue work in hospitals during an epidemic. We have a unique
opportunity during the current outbreak to re-instigate a previous successfully implemented
protocol which examined symptomatic and asymptomatic influenza acquisition in health care
workers at University College London Hospital (UCLH) in 2017/8. We have prepared a study,
called SAFER; SARS-CoV-2 Acquisition in Frontline health Care Workers – Evaluation to
Inform Response (SAFER) that will examine rates of SARS-CoV-2 acquisition in HCWs in
three wards and A/E in UCLH and at Liverpool University Hospitals NHS Foundation Trust, at
Royal Liverpool University Hospital (RLUH), using the previous methodology.
All cadres of staff working on wards will be invited to enrol and will have baseline and monthly
serological testing for 3 months. Weekly nose and throat swabs will be collected using
standard sampling for upper respiratory tract viral infections and tested for SARS-CoV-2. We
will describe the proportion of staff who are symptomatic and asymptomatic for respiratory
tract symptoms whilst at work, and the proportion of both groups who have SARS-CoV-2
infection. At the outset of the study, while testing capacity is limited to diagnostic testing for
hospitalized patients, samples will be tested retrospectively. Once sufficient testing capacity
has been achieved to test participant swabs in real-time, participants will be invited to submit
swabs labelled with their name, date of birth and mobile phone number, and receive results
within 48 hours by text message. The provision of real-time results will assist in the prompt
self-isolation of asymptomatic and minimally symptomatic healthcare workers.
We will additionally conduct qualitative interviews and surveys with health care workers to
establish the challenges of 1. Experience of working during a novel pathogen outbreak, 2.
Staff perceived risk to themselves and family from this novel pathogen. At RLUH, additional
samples of nasal fluid (nasosorption) and saliva will be collected for assessment of
pneumococcal carriage and nasal immune responses.
The information from our study will add significantly to the understanding of staff health and
safety, hospital infection prevention and control, and will improve the evidence-base for the
protection of patients and staff from outbreaks of respiratory pathogens.
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Aims and Objectives
Primary objective
➢ Evaluate the risk of acquiring SARS-CoV-2 in HCWs in A/E, ICU and adult medical
admission wards in both sites (UCLH and RLUH)
Secondary objectives
➢ Evaluate the risk of SARS-CoV-2 in HCWs in a hematology ward at UCLH and
general medical ward at RLUH.

➢ Investigate front-facing healthcare staff’s experience of working during the covid19
outbreak, perceived risk, personal protective behaviours and the barriers to and
enablers of adopting such behaviours (UCLH and RLUH).

➢ Investigate interactions between healthcare worker movements and interactions
within UCLH, identify observable pathways of virus transmission, and structural
vulnerabilities to transmission.
➢ Investigate the co-prevalence of nasal SARS-CoV2 and Strep. Pneumoniae, host
immune responses and the association with development of Covid-19 disease
(RLUH).

Background
The global outbreak of SARS-CoV-2 which leads to COVID-19 has reportedly resulted in a
3% case fatality rate globally, making it a more severe infection than seasonal or pandemic
2009 influenza(1). Increase in mortality and morbidity is seen in immunocompromised or
immunosuppressed individuals, and extremes of age and therefore hospitals need to be
extremely aware of the risk of nosocomial transmission to patients. In addition to the mortality
and morbidity risk to in-patients, significant financial costs to NHS trusts are associated with
hospital ward closures due to nosocomial respiratory virus outbreaks (2). It is increasingly
being recognised that individuals infected with SARS-CoV-2 can be infectious before they are
symptomatic (3) and often spend time on open wards before being diagnosed and isolated.
During influenza seasons, absenteeism in health care staff is seen due to concerns about
acquisition of influenza and leads to a reduction in staffing levels in hospitals during critical
periods (4). It is likely that this phenomenon will be seen in HCWs when transmission is
widespread or when hospitals start to admit the first few suspect or confirmed patients.
During the 2016/7 influenza season, a high number of in-patients at University College London
Hospitals (UCLH) with confirmed respiratory viruses (influenza A, B, parainfluenza,
metapneumovirus and RSV) led to a critical shortage of side rooms for the isolation of patients.
A previous gynecology ward was converted into a dedicated influenza ward (‘Flu ward’) with
the aim of cohorting patients with influenza A, and other respiratory viruses (non Flu A patients
would be in side rooms in the ward). This ward was staffed with a dedicated team of nurses,
doctors, and health care assistants, who wore face masks continually whilst inside the ward,
and who did not work on other wards during this time. The ward employed restricted entry,
allowing access to (as well as the dedicated ward team) staff from other wards visiting patients
for clinical consultations, and only 2 visitors per patient per day, all of whom wore face masks
during their visit. Entry to the ward was monitored by a security guard. The ward was open
initially for 17 days in January 2017, closed, and reopened to relieve pressures again 2 weeks
later, in February 2017, for 11 days, before being closed and returned to its usual purpose.
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Staff employed in the Flu ward were concerned about their risk of acquisition of seasonal
influenza, and recruitment to work on this ward was challenging. If SARS-CoV-2 requires the
opening of cohort wards, as is predicted by the Chief Medical Officer, it is likely that similar
staffing challenges will be experienced. There are limited published data on the perceptions
of staff, or perceived coercion when working in health care during novel respiratory pathogen
outbreaks.
Perceptions of coercion are reported when individuals experience a situation that they feel is
forced upon them, where they feel excluded from the decision-making process and are not
given the time or consideration to express their stance; and when they feel that someone
else’s actions are imposed upon them without justification (5). This study gives opportunity to
examine whether such perceptions are linked to healthcare professionals’ psychological
wellbeing.
There are also no published data on the rate of symptomatic and asymptomatic infection with
SARS-CoV-2 in HCWs who work in A/E, adult medical wards and on cohort wards.
Understanding the proportion of HCWs infected and not infected, and symptomatic and
asymptomatic, would allow Health Care providers to make informed decisions about staffing.
It would also allow HCWs to make a more informed decision about their risk from volunteering.
Importantly, we have the existing infrastructure and experience to run this study with high
participation rates. The social science conducted around this important area is key and would
allow an entire picture to emerge of health care provision during novel respiratory pathogens.
Streptococcus pneumoniae bacteria are frequently found at the back of the throat without any
associated illness and stimulate an immune response. The study team at LSTM have
previously shown that colonisation of the nose/throat with pneumococcus stimulates the
body’s immune system and can prevent future colonisation with pneumococcus. It is not
known whether this immune response is likely to be protective or permissive to SARS-CoV
infection and the development of Covid-19 disease. This study provides an opportunity to
assess the impact of pneumococcal colonisation on risk of SARS-CoV-2 infection and
associated Covid-19 disease, which will provide novel insight into disease pathogenesis and
inform the public health response on the role of pneumococcal vaccination in Covid-19
disease control.

Method
Study design
The proposed study is an observational cohort design which will be carried out in UCLH and
RLUH. Participants will be front-facing health care workers of every cadre in five areas of the
hospitals; Accident and Emergency, Adult Medical Admissions Unit, the Infectious Diseases
ward (or cohort ward), Intensive care unit and a Haematology ward (at UCLH) or other medical
ward e.g. gastroenterology (at RLUH). If capacity allows and staff are willing, other clinical
areas may be asked to participate.

Participants and enrolment
All individuals who are employees of University College London Hospitals NHS Foundation
Trust or Liverpool University Hospitals NHS Foundation Trust who work in any role in the
designated clinical areas (see Table 1) during the study period will be invited to participate
(nurses, clinicians, nursing assistants, pharmacist, ward clerk). Participation will be voluntary
and there will be no payment. It is expected that staff will appreciate the potential benefits of
the study and be willing to participate. Members of the research team will attend the clinical
areas to invite eligible staff to enroll. Verbal and written information, including an information
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sheet will be provided to eligible staff who will have the opportunity to discuss any details
further with the research team prior to enrolment. Signed informed consent will be gathered
from all participants prior to inclusion. Inclusion criteria will be age at least 18 years and work
in the designated clinical environments for at least 5 hours for at least one day during the study
period. Participants will be free to withdraw from the study at any point, in which case all the
data may be withdrawn. Those who withdraw will be asked if they are willing to allow the data
already collected including samples to be used in the research.
The enrolment questionnaire will collect demographic and comorbidity data as well as baseline
symptoms. Each subsequent sampling will include a very brief symptom questionnaire. All
data will be entered onto redcap hosted on UCL’s protected servers.

Table 1: Designated clinical areas
A/E

Acute
admissions
ward

ID or
ICU
COVID19 Cohort
ward

Royal
Liverpool
University
Hospital

✓

✓

✓

✓

University
college
London
Hospital

✓

✓

✓

✓

Haematology Other medical
ward (e.g.
Gastroenterology)
✓

✓

NB: If capacity allows and staff are willing, other clinical areas may be approached to
participate

Study period
The study period will be from the as soon as possible after ethical approval is granted and will
follow participants for up to 3 months.

Endpoints
Primary Endpoints:
Prevalence of SARS-CoV-2 RNA in study participants on any ward at various time points
during the outbreak
Incidence of SARS-CoV-2 RNA with symptomatic and asymptomatic diseases in study
participants during the outbreak
Incidence of SARS-CoV-2 determined by seroconversion
Incidence of COVID-19 disease in study participants
Secondary Endpoints:
Prevalence of pneumococcal carriage
Risk of Covid-19 disease in pneumococcal carriers compared to non-carriers
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Comparison of host immune responses in participants with SARS-CoV2 infection who
develop Covid-19 disease with those who do not develop disease and with those who do not
have evidence of SARS-CoV2 infection.
Subgroup analyses
By hospital site, job cadre, comorbidity, job location (ward type), known contact

Sample size
The proportion of HCWs who will acquire symptomatic or asymptomatic SARS-CoV-2 is not
known and sample size calculations are challenging. The R0 is expected to be between 2 and
3 but the number of patients who will be admitted, as well as the effectiveness of staff counter
measures is not known.
At each site, we expect to recruit at least 100 HCWs in A/E, ICU, AMU, ID and either
haematology or gastro/medical wards. Enrolling 100 staff in one site would allow a
precision of +/- 10% with 95% confidence if the prevalence was 50%. If the prevalence
was only at each site if the prevalence of positives was around 10%.
If staff participation is insufficient on the selected wards, or if capacity allows, and if there was
a strong desire to participate in other clinical sites in the hospital may be approached to join
the study, subject to local site approval, and the enrolled number could be increased, pending
additional funding.
If the prevalence and incidence of SARS-CoV-2 reduces, or members of existing cohorts
become less due to staff movement (for example to the Excel or to other hospitals) the study
may need to increase recruitment at each hospital to 500. Furthermore, there is emerging
evidence that BAME staff and occupational groups such as security guards and porters are at
increased risk of severe COVID disease. Whether this is a reflection of increased incidence
of infection or increased severity of disease is unclear. Our study can examine incidence
clearly, by including asymptomatic infection. BAME staff and porter/security guard
occupations are under-represented in our current SAFER cohort. Increasing the sample size
to 500 would allow us to reflect the diversity of hospital staff and examine risk with increased
statistical power.

Participant enrolment and follow up
The study will run for 3 months. Preparations for running the study have started, pending
ethical approval. This study will run in the same way as the previous successful influenza in
HCWs study.
Staff on selected wards who have provided written consent, will complete a brief baseline
questionnaire, providing demographic information and information on baseline health status
which will be submitted to the research study nurse on the day of recruitment. They will also
receive training on sample collection.
Participants will be requested to record any known Covid-19 contact, without personal
identifiers. Participants who are unwell with symptoms compatible with Covid-19 and who
remain at home will be requested to report their illness to the study team. They will be asked
to submit further information on their illness including the number of days they remain away
from work and whether they receive a Covid-19 diagnosis as the result of routine clinical
testing. They will also be asked if they give permission for the study team to access any clinical
records relevant to Covid-19 illness. During their illness, they will be advised to follow national
guidelines and will be assessed and treated by routine clinical services, as required. A swab
will be posted to them with a stamped-addressed envelope for return. This method was used
successfully in the previous study.
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Sample collection
Nose and throat swabs: Participants will be requested to provide one combined selfadministered nasal nose and throat swab twice per week for the duration of the study in
addition to a brief symptom checklist to accompany the sample. Swab samples and
accompanying questionnaires will be collected from a designated collection point by the study
nurse and submitted to the designated laboratory at each site within 48 hours of collection.
The study nurse will additionally go to the ward to prompt participation but not interfering with
patient care. Participants may be reminded to submit samples by telephone messaging.
All samples will be stored at -80C until processed.
Nasosorption samples: At RLUH, participants will be instructed how to collect nasal lining
fluid using nasosorption strips (blotting paper) developed by Hunt Developments Ltd (UK).
These strips will be held inside the naris for up to 2 minutes, removed and placed in the microcentrifuge tube for storage, placed inside a storage container and in a designated cold storage
area until collection by the study team. We are collecting two strips per participant per week.
These samples will be stored at LSTM prior to analysis.
Saliva: At RLUH this involves participants providing a 1ml saliva sample by using a
saliva funnel to direct spit into saliva tubes. These samples will be taken weekly. These
samples will be stored at LSTM prior to analysis.
Oral swabs: At UCLH we may also request saliva at week 12, collected using an oral
swab that is rubbed around the gums (like a toothbrush).
Blood samples: Blood samples for serology will be collected at monthly intervals by the study
nurse, who will arrange collection at a suitable time for the participant, in the hospital.
Participants may be asked to provide an additional 30mls at enrolment and week 12 for
analysis of peripheral blood mononuclear cells (PBMCs). These samples will be stored at
LSTM or the Crick Institute prior to analysis.

Laboratory procedures
Table 2 Details of laboratory procedures to be performed on each sample type.
Sample type

Key analyte

Additional analytes that may
be measured

Serum

SARS-CoV-2 antibody
testing i.e. IgG, IgM, IgA

Quantification biomarkers of
host immune response e.g.
pro- and anti-inflammatory
cytokines, by multiplex or
ELISA

Oral swabs

SARS-CoV-2 antibody
testing i.e. IgG, IgM, IgA

To investigate if there are
mucosal antibodies against
the virus
Molecular testing for SARSCoV-2 by qPCR
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Nose and throat swab

Molecular testing for SARSCoV-2 by qPCR

Molecular testing for other
pathogens including Strep.
pneumoniae

Nasosorption

Molecular testing for Strep.
pneumoniae

Transcriptomic analysis of
host immune responses

Quantification of mucosal
biomarkers e.g. pro- and
anti-inflammatory cytokines,
by multiplex or ELISA

Transcriptomic analysis of
host immune responses

Molecular testing for Strep.
pneumoniae

Assessment of host immune
responses

Saliva

SARS-CoV-2 antibody
testing i.e. IgG, IgM
Peripheral blood
mononuclear cells

T cell subset analysis by flow Characterisation of innate
cytometry and antigen
immune cells using flow
stimulation assays
cytometry

Samples will be collected up to the maximum volume described in the protocol. The study team may
decide on how these samples are processed and in which collection tubes. The samples collection,
processing and analysis will be consistent with the wider aim of this research.

Behavioural study (UCLH and RLUH)
Aims
Phase 1: To explore healthcare workers’:
1. Experience of working during an outbreak of novel pathogen,
2. Perceived risk to staff and their friends/relatives,
3. Enactment of protective behaviours (e.g. hand washing, use of PPE, distancing),
4) Factors influencing these behaviours (i.e. barrier sand enablers).
Phase 2: To explore healthcare workers’ perspectives about the acceptability and feasibility
of intervention strategies designed to support social distancing in communal areas at work.
PHASE 1
Design
We will combine in-depth data collection using qualitative interviews in a sub-sample of
participants, with wider quantitative data collection via electronic surveys with the full
participant sample.
Sample size
All individuals, who work in any role in the designated clinical areas (see Table 1) and who
are enrolled in the broader SAFER study will be eligible to participate in the behavioural study
(i.e. clinicians, nurses, nursing assistants, pharmacists etc).
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All SAFER study participants will be invited to complete the electronic survey.
Semi-structured interviews will be conducted in a purposive sub-sample of participants. In line
with sample size guidance for qualitative research (6) (- , we will aim to recruit at least 10
participants from three of the five wards involved in SAFER (n=30 total). Two of these wards
will be higher covid19 exposure (i.e. infectious diseases, ICU, AMU or A&E) and one lower
covid19 exposure (i.e. haematology). To ensure representativeness, within each ward, we will
purposively sample participants across a range of professional roles (e.g. 3 clinicians, 3
nurses, 3 nursing assistants, 1 pharmacist). We will analyse interviews as we progress with
data collection, monitoring thematic data saturation as we go. If saturation is not reached after
the initial 30 interviews, we will conduct further interviews as required until saturation is
deemed achieved.

Recruitment and procedure:
We will take separate consent to participate in the behavioural interviews and surveys, so that
participants can consent to still take part in the wider SAFER study but not the interviews and
surveys. Participation will be voluntary and there will be no payment. It is expected that staff
will appreciate the potential benefits of the study and be willing to participate..
To explore change in perceptions and behaviours over time, as the outbreak evolves and
guidance, recommendations and policies change), participants will be asked to complete up
to three times in total. This will be approximately once per month, around the time of the
monthly serological testing (i.e. 4 weeks, 8 weeks, and 12 weeks into the study).
An invitation email will be sent to all participants containing a link to the electronic survey. The
first page of the survey will contain a summary information sheet with a link to a more detailed,
full information sheet (please see appendix 1). The second page will include a consent form
(appendix 2). Participants must tick all boxes on the consent form prior to proceeding to the
main survey. Once the initial invitation email has been sent out, we will send up to two follow
up reminders (one and two weeks later).
At the end of the survey, participants will be asked to tick a box indicating that they would be
willing to participate in a follow up interview. Members of the research team will then directly
contact these interested individuals via email, sending them a copy of the information sheet
and consent form for the interview study (Appendices 3 and 4). Consent to take part in the
interviews will be taken by either: a) participants returning a signed consent form via email; or
b) audio-recording verbal consent at the start of the interview. A convenient time and date will
be arranged for the interviews, which will be conducted by a trained researcher via telephone
or videoconference and audio recorded. Interviews are expected to last between 30 and 45
minutes. Recordings will be transcribed verbatim and fully anonymised so that no individual
can be identified from the data.
Participants will be free to skip over any questions that they do not wish to answer and/or
withdraw from both the survey and interview study at any point, in which case all the data may
be withdrawn. Those who withdraw will be asked if they are willing to allow the data already
collected including samples to be used in the research.
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Materials
A copy of the survey is available in appendix 5. The survey is structured in seven sections: 1)
participant demographics; 2) covid19 exposure and perceived risk; 3) use of PPE (including
barriers to PPE use) and other protective measures; 4) social distancing; 5) views on risk
reduction measures; 6) well-being; and 7) perceived coercion. There is a mixture of response
options, including dichotomous (yes/no), 6-point and 7-point Likert Type scales. There will be
no forced response options, and participants are free to skip over any questions they would
like. We will not collect any personal identifiable data (i.e. name, email address). Instead, at
the start of the interview we will ask participants to list their unique study ID code assigned to
them as part of the broader SAFER study.
The semi-structured interview guide is structured in similar sections to the survey. The first
half includes initial demographic questions and questions to explore participants’ experience
of working during the novel pathogen outbreak and perceived risk. The second half includes
items to explore what protective measures and behaviours participants have been engaging
in to reduce risk, and the barriers and enablers to these behaviours. An indicative topic guide
is available in appendix 6. Please note, given the semi-structured nature of the topic guide,
we anticipate some flexibility in the final set of questions asked of each participants. Some
questions may be skipped (i.e. if not relevant), and we will allow for some minor rephrasing of
questions and use of unstructured follow on prompts in order to further unpack and respond
to participants’ initial responses.
Questions in both the survey and interview guide exploring barriers and enablers to protective
behaviours will be structured around the domains of two established behavioural science
frameworks: Capability- Opportunity- Motivation- Behaviour (COM-B) and the Theoretical
Domains Frameworks (7, 8) - The domains of these frameworks represent the broad range of
individual (e.g. knowledge, perceived consequences, intentions), social-cultural (e.g. social
norms, pressure, support) and environmental (e.g. available resources and infrastructure)
influences on behaviour. Both frameworks have been widely applied in interview and survey
studies to explore influences on healthcare professional behaviours (9, 10).
The Perceived Coercion Measure for Healthcare Workers is a new measurement scale for
perceived coercion (Stoltenberg, Ranieri and Kamboj, in the process of being piloted). The
scale is a combination of an adapted McArthur Perceived Coercion Scale (11) and new
measurement scale for perceived pressure developed to fit the experiences of pressures
reported by healthcare workers in relation to working with Covid-19 patients. These items have
been developed through individual consultations with a number of nurses and doctors working
with Covid-19 patients.
Both the interview guide and survey will be piloted to explore clarity, feasibility, and time taken
to complete. We will drop or amend items as appropriate following piloting.
Analysis
Survey responses will be summarized using descriptive statistics and compared across
participant roles and wards. Interview transcripts will be analysed using a combined deductive
framework and inductive thematic analysis approach (9).
PHASE 2
Design
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We will conduct a stakeholder consultation workshop to design intervention strategies to
address identified barriers and enablers to social distancing in communal areas at work. These
findings will lead to the development of a behavioural intervention that will target social
distancing in communal areas at work.
Study Setting
This study will take place in the UK. The workshop will be held remotely over a video
conference call to align with current Covid-19 safe working practices. All representatives from
each of the groups will be based at one hospital trust who participated in earlier stages of the
SAFER research programme.
Participants
In order to represent the views of those who will either implement the proposed strategies or
will be subject to/receive the proposed strategies, we will use purposive sampling and
snowball sampling strategies to recruit the following representatives from different groups to
attend our stakeholder workshop/s:
• Clinical staff (staff in clinical roles such as healthcare assistants, nurses, and doctors)
• Non-clinical staff (such as those in administrative roles, porters, housekeeping etc)
• Senior management
• Staff will be invited from various departments and levels of experience
We will aim to have at least 2 representatives from each group (2 clinical, 2 non-clinical, 2
senior management from across different departments and with varying levels of experience)
where feasible, and a maximum of 20 attendees in the workshop. The participants will provide
advice, opinion and expertise on the theoretical face validity and evidence-base of the
proposed interventions.
Participant Identification, Consent and Recruitment
The recruitment of stakeholder consultation workshop panel members will be supported from
colleagues based in the communications department at the hospital taking part in this
workshop. The communications team will be involved in the strategic roll out of any
intervention strategies felt to be acceptable and feasible based on discussions in this
workshop and are well positioned to support reach of a variety of staff across the hospital trust.
Fully informed written consent will be sought from all attendees of the stakeholder consultation
workshops prior to the workshop commencing (in order to gain their consent to: audio record
the meeting and to have people anonymously complete Affordability; Practicability;
Effectiveness and cost-effectiveness; Acceptability; Side-effects/safety; Equity (APEASE)
rating scales for the proposed interventions using a web-based survey platform). Participants
will be asked to either:
a) complete a consent form and return this through email, post or at a designated drop
off point in the hospital prior to the workshop commencing; or
b) provide consent over email.
For email consent, HCPs will be asked to provide consent by reading through the information
sheet and consent form then sending the following statement to the research team via email
prior to taking part in the workshop: “I have read and understood the study information
sheet (date and version number) and agree to take part in this study”
Participants will have the opportunity to ask questions prior to taking part in the workshop,
during consent taking, during the workshop and following the workshop. Participants will also
be informed that their participation in, or withdrawal from, the workshops will not affect their
legal rights or employment. Participants will be asked if they would like to receive a copy of
their transcript and will be given the opportunity to review the transcript, clarifying or removing
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any information they wish to do so. Once all of the data has been transcribed and anonymised,
the data will be used in the research and withdrawal will not be possible.
Methods, Data Collection and Data Analysis
Findings from previous research in the SAFER programme (survey and interview data) and
potential interventions to support social distancing in communal areas will be presented to
participants in the workshop. These interventions will be designed and developed based on
the previous SAFER study findings and through application of behavioural science
frameworks including the Behaviour Change Wheel methods (11). Examples of potential
interventions could include:
• Assigning key team members to become social distancing champions and support
colleagues to maintain distance when in communal spaces
• Develop a web-based portal for staff to reactively report which communal spaces are
full and empty
• Provide feedback to staff of areas where social distancing is being carried out well and
areas where distancing could be improved
During the workshop, stakeholders will be presented with findings from the survey and
interview studies previously conducted in SAFER as well as descriptions of candidate
interventions/packages of interventions. Stakeholders will be asked to consider and discuss
as a group the acceptability and feasibility of each of the proposed intervention strategies.
After the workshop, participants will be emailed a link to a web-based survey where they will
be asked to formally rate each intervention strategy against the APEASE criteria (Michie et al
2104): Affordability; Practicability; Effectiveness and cost-effectiveness; Acceptability; Sideeffects/safety; Equity. Completion of the survey will be anonymous.
The findings from this workshop will support the development of a final package of
interventions and materials to be piloted in the hospital trust. Ethical approval for studies
relating to the piloting of these materials will be sought separately.
A new PIS, ICF, invitation letter, and a copy of the APEASE rating scale are included in
appendix 12.

Interaction Study (UCLH only)
Aims




To establish networks of interaction between staff and patients within the hospital,
based on proximity and clinical engagement;
To identify virus transmission pathways between staff and patients, and vice versa;
To establish the clinical scenarios, spatial locations, staffing patterns, and broader
conditions under which there is a higher risk of virus transmission.

Participants
The study will analyse observations of three groups within University College London
Hospitals NHS Foundation Trust (henceforth UCLH) through routinely collected data. The
groups involved will be anonymous, non-consented patients, anonymous, non-consented
staff, and consenting staff. Observations of all anonymous individuals will relate to only their
locations interactions with others within the UCLH environment. Consenting staff will be
recruited to that study from the cohort enrolled in the broader SAFER study, and will provide
pseudonymous identifiers that allow their identification on UCLH databases.
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Recruitment of Pseudonymised Participants
Participation in the pseudonymised component of the study will be voluntary and there will be
no payment. It is expected that staff will appreciate the potential benefits of the study and be
willing to participate. Participants are able to consent to take part in the wider SAFER study
but not the interaction analysis.
An invitation email will be sent to all participants enrolled on the SAFER study at UCLH
containing a link to an electronic enrolment survey. The survey will contain a summary
information sheet with a. link to a more detailed full information sheet and consent form (see
appendices 7 and 8). Participants must tick all boxes on the consent form prior to proceeding
to complete an enrolment survey. The enrolment survey will ask solely for pseudonymous
identifiers (e.g. UCLH staff ID) that enable participant identification on the UCLH electronic
health records and staffing databases.
Once the initial invitation email has been sent out, we will send up to two follow up reminders
(one and two weeks later).
Data Sources
The study will access existing data relating to patient-staff interactions and staff working
patterns that is routinely recorded by UCLH, and for a subset of participating staff, match these
data with testing and behavioural data. These data will come from three established databases
at UCLH. Patient-staff interactions will be obtained from EPIC, the hospital’s electronic health
record system, which records all patient procedures and movements within the hospital. Staff
working patterns will be extracted from staff rota records (with associated departmental and
ward assignments) and card access logs. The supplementary card access logs will provide a
more granular indication of staff movement around non-clinical spaces (e.g. rest areas,
meeting rooms). Specifically, the following records will be obtained from each of these
datasets:
EPIC / EHR
Staff identifier – anonymised or pseudonymised (for participating staff)
Type of interaction
Date/Time of interaction
Location of interaction
Patient COVID19 status - positive, negative, suspected positive
Staff rotas
Staff identifier – anonymised or pseudonymised (for participating staff)
Ward and Department
Start date/time
End date/time
Break times or frequencies
Card logs
Staff identifier – anonymised or pseudonymised (for participating staff)
Location of access point
Date/Time
COVID test statuses
Staff identifier – anonymised or pseudonymised (for participating staff)
Staff COVID19 status - positive, negative, suspected positive
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The period of analysis will run from 1st January 2020 to 21st October 2021. The longer period
of study outside of the wider SAFER study window will allow establishing of trends under
‘normal’ conditions.
In addition, building layout data accompanying the EPIC dataset will be obtained and merged
with card access log data. Access to these data has been provisionally agreed by the Data
Access Committee at UCLH.
Data Validation
Observational data will also be collected on the movement / activity of 18 HCWs within UCLH.
This will be used to validate the analysis of routinely collected data (that already has ethical
approval under the SAFER protocol), and to quantify the uncertainty of metrics derived from
the routinely collected data.
A short protocol detailing the data validation process, plus a PIS and ICF are included in
appendix 11.
Privacy Preservation
Maintenance of privacy is a vital concern of this study and is addressed differently depending
on the participation of staff. This will be achieved in coordination with the UCLH Data
Management team.
SAFER participants will be asked to provide information that allows them to be identified on
the EPIC and staffing databases. This pseudonymous identifier will be stored with other data
collected from the SAFER study, and passed to UCLH data management staff to link across
UCLH datasets. No UCLH staff will be able to observe other data submitted to the SAFER
study by the participant.
All other staff within the EPIC and staffing datasets will be assigned persistent anonymous
identifiers by UCLH data management staff, which will enable extraction of interactions with
anonymous patients and participating staff (see Data Analysis Plan).
All patients within the EPIC database will be anonymised by UCLH data management staff,
and only their interactions with anonymous or pseudonymous staff observed.
Given the sensitivity of the data, additional steps will be put in place to mitigate risks. A Data
Protection Impact Assessment will be conducted to ensure all risks are identified and
measures put in place for mitigation. All staff working with the data will be required to obtain
honorary UCLH staff status, and thus pass the required access protocols. No data will be
transferred out of UCLH and all analyses will take place within on the UCLH network and
firewall.
Data Analysis Plan
Through integration of these datasets along shared identifiers, interactions between staff and
patients will be extracted in the following ways:




Interactions between participating staff (by pseudonymised identifier) and patients (by
anonymised identifier), including the type, locations and times of interaction.
Interactions between non-participating staff (by anonymised identifier) and patients (by
anonymised identifier), including the type, locations and times of interaction.
Interactions between participating and non-participating staff, both through shared
interaction with patients and through interaction within shared spaces (e.g. same ward,
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non-clinical areas). Interaction measures will include period and frequency of
interaction.
Interactions between participating staff, both through shared interaction with patients
and through interaction within shared spaces (e.g. same ward, non-clinical areas).
Interaction measures will include period and frequency of interaction. Additional
analyses will expose variation in interactions based on staff role and other collected
metadata.

Through these interaction events, a temporally varying network of interactions will be
constructed. These data will be analysed over the period of the data coverage, enabling
analysis of changes in frequency and nature of interactions during the rise in cases.
By combining test status data (from staff and patients) the interaction network will aim to
enable the identification of transmission pathways (including n-th order interactions). Possible
transmission routes will be validated using sequencing data obtained from participating staff.
The characteristics of transmission (e.g. nature of interaction, by location, time, patient
interaction, etc.) will be established.

Ethics
Ethical approval for the study will be sought from the NHS Health Research Authority
Potential harms or risks to participants:
The collection of weekly nose and throat samples and monthly blood samples is considered
to be minimally arduous for participants. Potential harms:
Venepuncture: taking blood samples may cause some discomfort and occasionally
result in a bruise.
Throat swab: participants may gag a little when the sample is taken
Nasosorption: (similar to a paper swab) this can tickle but is not painful
Oral swab: this can tickle but is not painful
As the study analysis is retrospective, there is no anticipated impact on staff ability or
willingness to provide clinical care during or after the study.
Behavioural interview,survey study and stakeholder workshops: We do not anticipate
any risks associated with taking part in the interview, survey study or stakeholder workshops.
Participants are free to skip over any questions they do not wish to answer, and to withdraw.
In the unlikely event of a participant becoming upset during an interview, the researcher will
immediately switch off the recorder, offer to pause or stop the interview all together.
Interaction study: Given the data management measures put in place (mentioned above),
we do not anticipate any risk to participants involved in this part of the study.
Potential harms or risks to researchers:
Risk to researchers: possible risk to researchers include:
1) Needle stick injury during venepuncture
2) Infection from contact with carriage positive participants or inoculum
3) Biological and chemical hazards within the laboratory
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The research team competencies in each role are assessed and delegated by the Chief or
Principal Investigator. Procedures undertaken are consistent with UCL/LSTM and NHS SOPs
and GCP guidelines. Appropriate risk and COSH assessments are in place for all laboratory
procedures. All laboratory work will be conducted in line with health and safety regulations for
research with human tissues / infectious agents. Protective equipment and items such as
gloves, aprons, sharps and clinical waste bags are available.

Sample storage and Data management
The study site will ensure that samples are appropriately labelled in accordance with
procedures to comply with the General Data Protection Regulation (2018). Biological samples
collected from participants as part of this trial will be labelled with the participant’s study code,
transported, stored, accessed and processed in accordance with national legislation relating
to the use and storage of human tissue for research purposes and such activities shall at least
meet the requirements as set out in the 2004 Human Tissue Act and the 2006 Human Tissue
(Scotland) Act. Samples will be initially stored at the local host institution (LSTM for Liverpool
and UCLH for London) before being transported to the appropriate study site for analysis.
All documents will be stored safely under strict confidentiality and with restricted access. The
participant will be referred to by a unique study participant number/code on study-specific
documents (including surveys and interview transcripts), other than the signed consent forms
and the participant contact sheet Surveys completed as part of the stakeholder workshop will
be fully anonymized. Participant details and screening log located on a password protected
shared network drive. Only the PI and study co-ordinators will have access to data linking the
participant’s study code with participant identifiable data. Personally identifiable data will not
leave the study site.
As testing capacity increases to become sufficient for real-time results provision, participants
will be requested to label their nose and throat swabs with their full name, date of birth and
mobile telephone number. These details are necessary to enable quick turnaround of results,
and appropriate self-isolation for staff testing positive for SARS-CoV-2 PCR, such that onward
transmission of the infection in the workplace is prevented. The participant identifiable details
will be used only for the purpose of booking samples into the laboratory, and delivering results
by text message, and will not be stored on the REDCap database. Participants will be asked
to consent to this change by electronic means. Those who do not consent to real-time results
delivery will be permitted to continue with anonymized sample submission, and periodic
results delivery.
Participant data including the case report form, carriage and safety reports, survey responses,
and interview transcripts will be anonymised prior to archiving or use outside of the direct
research team. Data will be recorded and stored on a redcap database or Qualtrics survey
software, hosted on UCL servers. Paper consent forms will be scanned and stored on a secure
electronic database, with original copies being archived in a secure unit on site. Interview and
stakeholder workshop audio recordings will be transcribed by a GDPR compliant, UCL
approved transcription company (eg. www.waywithwords.net). Recordings will be deleted
once transcribed, anonymised and checked for accuracy. Data and samples will be stored for
up to 10 years in keeping with other COVID 19 studies.
Direct access to anonymised data will be granted to authorised representatives from the
Sponsor, host institutions and collaborators in line with participant consent.
UCLH as sponsor will be responsible for archiving data including the essential documents,
case report forms and trial database for a minimum of five years. Destruction of essential
documents will require authorisation from the Sponsor.
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Recording and reporting of Serious Adverse Events (SAE) and Adverse Events (AE)
No serious adverse events (SAE) are anticipated to be attributed to this observational
study. In the event of a SAE or an unexpected adverse event (AE) potentially attributed to the
study, the site principal investigator will ensure this is investigated, recorded and reported to
the sponsor within 24 hours of becoming aware of the event and use medical judgement in
assigning the SAEs seriousness and causality. SAE will be reported using the HRA form
(https://www.hra.nhs.uk/approvals-amendments/managing-your-approval/safety-reporting/)
to the main NRES within 15 days of the Principal Investigator (CI) becoming aware of the
event where in the opinion of the CI the event was:
 Related – that is, it resulted from administration of any of the research procedures, and
 Unexpected – that is, the type of event is not listed in the protocol as an expected
occurrence.
If possibly related the research will be stopped temporarily for investigation and any further
work referred back to the REC for consideration (within 7 days). Of note, as Covid-19 disease
is a study endpoint, Covid-19 disease and related morbidity will not be reported as an SAE
unless it is considered to be potentially attributed to the study in some way.

Potential applications/benefit from this study
Cohorting of patients with severe respiratory illness on open wards is necessary when
individual side rooms are not available and hospital capacity is overstretched. Willingness to
work on these wards is anecdotally low because of concern amongst staff around acquisition
of influenza from patients. Low morale amongst staff, and staff shortages have a significant
impact on care provided to patients with novel respiratory viruses, and other medical
conditions. In this study we aim to establish the risk to health care workers of acquiring SARSCoV-2 whilst working on a COVID-19 cohort ward or a general medical ward during the
epidemic season. The data will allow us to assess the risk to vulnerable groups including
patients in haematology wards. Understanding which protective behaviours staff engage in
when working in the context of a novel pathogen outbreak, and the barriers and enablers to
these behaviours, can help inform the development of behaviour change interventions.Overall
the data will help strengthen infection control, pandemic response and preparedness, and
importantly, give us detailed information on how to protect the most vulnerable from acquiring
an infection from those working to care for them. The accompanying pneumococcal and nasal
immunological analysis will provide novel insight into disease pathogenesis and inform the
public health response on the role of pneumococcal vaccination in Covid-19 disease control.

Dissemination of results
At completion of the study, findings will be disseminated to all participants, to the hospital
management and relevant groups (for example, infection control), and to all hospital staff at
arranged open meetings. Individual staff members will be provided with their results at regular
intervals, and when capacity allows, staff will be invited to switch to receiving their results in
real-time. Staff who are interested in discussing their composite personal results will be able
to access these via the study nurse or PI at the end of the study. No individual staff member
who tests positive for SARS-CoV-2 will be identifiable at any time, unless that individual staff
member chooses to participate in real-time results reporting, in which case the study team will
follow-up to ensure that they have taken appropriate steps to self-isolate in line with
occupational health guidance.

Future Studies
At the end of the study period, we will ask participants if they are interested in being
contacted about future follow up studies to further investigate COVID-19 in healthcare
workers.
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