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My role in this research
Study inception and design

As the principal investigator for this research, | was involved in the concept and evolution of the studies. This
was a national research consortium, instigated and designed by me and a scientific research group — the study
steering committee described below. The research programme was endorsed by the National Public Health
Emergency Team (NPHET) and a study steering committee was set up to oversee the proper conduction of each
sub-study. This committee consisted of members of the Health Service Executive (HSE), public health
specialists, microbiology, immunology and virology experts, occupational health physicians and infectious
disease physicians from each study site. | led the overall aims of the research collaborative and the individual
design of each sub-study, with the support of this study steering committee, for all sub-studies detailed in this
thesis. This included leading discussions on re-designing the research and incorporating new sub-studies to
reflect new and emerging evidence in the dynamic setting of a pandemic. Along with the site coordinators, |
sought local support for the research from the hospital management at each study site. | designed the research
questionnaires and wrote the study protocols. I researched and organised the online platform, which was used to
consent participants, and where the questionnaire was completed by participants. This included liaising with the
provider to communicate our needs, and providing the link between the hospitals, the HSE and the online
provider to navigate GDPR-related queries. | learned to use this online platform, including its unique coding
system, to compose the questionnaires for individual sub-studies, and to facilitate smooth transition through the
questionnaire with dependent variables. I organised testing of the questionnaire in order to ensure the smooth
running of each study. | made a data analysis plan at the outset to ensure that the questionnaire variables would
easily lend themselves to appropriate statistical analysis. Along with the online provider, | helped to design the
research website and flow. | created all text for the website and coordinated agreement among the research team.
I worked closely with the HSE communications department to aid the design of an appropriate logo for the study
and designed the research materials (consent form, participant information leaflets, posters and pull-up stands)
and organised their translation into the five languages most widely spoken in both hospitals. | worked with a
separate information technology (IT) company (Swiftqueue) to set up a system for participants to book blood
tests. This involved setting up a system whereby a unique identifier code (MRN) would be generated by the
booking; this MRN would be produced in the form of a barcode sticker for the blood sample in order to ensure
anonymous processing of blood tests in the laboratory. | coordinated with the laboratory in each site, Swiftqueue
management, and the head phlebotomists in order to ensure this barcode design was functioning from printing to
barcode reader in the laboratory. This also involved learning about the different types of barcodes that would be

readable on different analytic platforms.



Funding

Along with the research coordinator and key members of the steering committee | put together a proposal for
funding for this research programme. This involved cost assessments for both sites which had to be estimated by
phlebotomy, laboratory and human resources departments for consumable and non-consumable items, and
salaries for a study team of two at each site. Funding was gained through the HSE COVID-19 budget, to the
effect of €665.116. | have been the main person responsible for tracking the expenditure of this research
programme, along with the finance departments at each site. | have given financial feedback at steering group
meetings and have led discussion about movement of finances as the research has evolved. In the research
funding we approved a full-time role of senior project manager, however in the short time available to get the
research programme up and running we were unable to fill this post, and | took on the majority of the
organisational work of this position.

Ethical Approval

I lead the national ethical approval process for the research, including amendments as the evolving nature of the
pandemic led to alterations in sub-studies. This was done through the National Office for Research Ethics
Committee for COVID-19 (NREC). | completed all data protection impact assessments (DPI1As) and data-sharing
agreements necessary for the proper ethical approval and running of the individual studies of the research
programme and liaised with the data protection officer (DPO) at each site and within the HSE to ensure all data
acquisition and processing met GDPR regulations and ethical requirements. With the roll-out of vaccination |
applied for amendments to our ethical approval to ensure the research programme could adapt to inform in the
changing setting of a pandemic.

Human Resources

Along with the CEO and lead site investigator, | prepared job descriptions and interviewed prospective
candidates for the research team roles in St. James’s Hospital, where I was based. The lead site investigator in

University Hospital Galway led this process in Galway.
Committee membership, collaboration, management and leadership

As principal investigator for this national research programme, | took a leading role in the study steering
committee. | ensured feedback at all stages of the study to this committee. | also lead the research teams at each
site and collaborated with senior management (CEO/DCEO) at each site in order to run each study. Due to the
urgency of the initiation of the research in the first six months of the pandemic, the research teams were only in
place a matter of weeks before the commencement of the phlebotomy component of the first sub-study, which
meant that a lot of support was needed in this set-up phase. This was provided by me and by the lead site
investigator at both sites. | was predominantly based in SJH for the duration of the study, but this also involved

trips to Galway to support the study team there. | liaised personally with the laboratories at each study site to
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ensure smooth processing of samples from phlebotomy through laboratory. | dealt with all issues that arose
logistically and technologically during the research and had a very “hands-on” approach to the running of each
study. This included stepping in to phlebotomise where gaps arose unexpectedly in the phlebotomy rota. | dealt
personally with any complaints arising from participants. | dealt with any errors on the part of the research team,
including one accidental data breach. | set up a data-subgroup to help coordinate and support the analysis of the
data. This involved finding statistical and epidemiological support from outside of the steering committee. |
coordinated and led the results management at both sites, setting up virtual clinics for positive results
management and for medical call-backs to any participant requesting to speak with a medical member of the

team. | was also involved in personally making these phone calls to discuss individual results with participants.

I worked with other study teams working in the area of COVID-19 to ensure as much collaboration as possible in
order to maximise outputs. This included members of the DIRECTS (Detecting Innate Protection against SARS-
CoV-2) study team, who requested input on the online component of PRECISE 1 and 2 sub-studies, advice on
recruitment, sharing of recruitment communications etc. | have also worked with a team from the HPSC to
develop a vaccine efficacy study (as part of a WHO protocol used across Europe to maximise strength of results).
I have contributed experience from the PRECISE research programme and have aided cost-assessment based on
the costings of the PRECISE studies to date.

Communications

I lead the study teams and steering group on all communications pertaining to this research. This included both
national and local communications. | worked closely on the HSE communications team on all national
communications, including announcement of the research and dissemination of results. | worked closely with
local communications at each site to ensure the same at local level. This was especially pertinent in the run up to
the first study, in order to maximise recruitment at a time when mass gatherings of staff were not possible due to
COVID-19 restrictions. I communicated closely with senior hospital management to ensure they were the first to

be aware of sub-study results prior to national dissemination.

I have led the research team at each site to issue personal results to all participants. | dealt personally with any
difficult communications with participants, for example those who were upset by an unexpected result, and those
who incorrectly filled out study questionnaires with data that could not subsequently be confidently matched to

laboratory results.

| have coordinated between the steering committee, the data sub-group, the microbiology, virology and
biochemistry laboratories at each site, and members of staff of the national virus reference laboratory (NVRL) to
ensure agreement on the wider dissemination of aggregate results, including the scientific manuscripts contained
in this thesis, and reports to NPHET.

Laboratory Analysis
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I coordinated with key stakeholders in the laboratories at each site to organise the on-site testing of the samples. |
liaised with designated laboratory management and finance departments to organise the purchasing of the assays
on the study account to ensure appropriate reimbursement. | provided a liaison between Swiftqueue and the
laboratory to ensure flow of samples and barcodes from phlebotomy sites to the laboratory. | was not involved in
any of the actual testing of the samples, or validation of the laboratory assays. This was done in its entirety by the

laboratory staff.
Database management and statistical analysis

I designed the database for data collection and storage for each sub-study in this research programme. | organised
the safe storage of the data and performed the pseudo-anonymisation of the data when appropriate. | matched the
blood test results via MRN to the named data of the participants on the blood booking system. I then further
matched them to their questionnaire data using statistical software. Following the second round of blood testing |
also matched participants common to both studies in order to conduct the longitudinal analysis. | conducted basic
analysis on the data, including study participant characteristics, basic seroprevalence by site, role and
demographics. Advanced analysis such as the univariate and multivariable analysis was conducted by members
of the data sub-group, which was coordinated by me. Namely these were Annamaria Ferenczi for the data
presented in chapter 3 and Melissa Brady for the data presented in chapters 4-7. Isidro Carrion Martin and Lisa
Domegan supported Annamaria and Melissa for this data analysis. | sourced advanced statistical knowledge
when required; this was provided by Cathal Walsh, who provided statistical advice regarding all data presented
in Chapters 3-7. Where not performing the analysis myself, | lead all discussions as to what was required of the
analysis, and during analysis the data-subgroup met at least once weekly to discuss the direction of the analysis.

These discussions were organised and led by me.

The set of research studies described in this thesis were conducted at a moment in time in the COVID-19
pandemic in Ireland. The subsequent emergence of new Variants of Concern (VOCs), most notably the Omicron
variant, have changed the landscape of the pandemic, and The PRECISE research continuum remains in place
with further sub-studies ongoing (with a new principal investigator) to address the real time research questions

that continue to be raised in this changing landscape, as described in Chapter 7, Next Steps.
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Context for the research

This research was conducted during the first three waves of the COVID-19 pandemic in Ireland. The research
programme was designed during the first wave of the pandemic in Spring 2020, and the final sub-study took
place in the latter stages of the third wave in April 2021. Due to the rapidly evolving nature of the pandemic, the
understanding of COVID-19 infection, the mechanisms of transmission, the effectiveness of vaccination, the
impact on immunity and the role of emerging therapeutics advanced significantly in the almost two years since
completion of the research programme described in this thesis. The PRECISE research programme is ongoing, as
described in chapter 7, and continues to inform national and international understanding, however it is important
to contextualise the part of the research described in this thesis in order for the reader to understand its
contribution to national, and indeed international, understanding of the situation at the time. There are four main
changes to the COVID-19 landscape that occurred after the completion of the research described in this thesis;
the first of these was the emergence of the Omicron variant of concern (VOC), which was the most challenging
of any of the VOCs to date and spurred the largest global surge of COVID-19 in early 2022, representing the
biggest change in the nature of transmission of the virus. The second was the advent and impact of vaccination;
the first COVID-19 vaccines were approved during the first part of our research, and while we modified the
second sub-study to take this into account, we did not yet have any real world understanding of the effect of or
durability of response to vaccination on infection presentation or on reduction of transmission, nor was the
duration of protection known — the need for booster vaccine programmes had not yet been determined. The third
factor that changed the landscape of the pandemic was the development of treatment strategies which also post-
date the completion of the research described in this thesis. A fourth change, which evolved as a result of a
combination of factors including the advent of treatment and vaccination, has been the move away from strict
isolation of contacts and testing of all cases, and the move away from government-enforced mass restriction of
population movement. It is important to understand that this research was conducted in a landscape of sequential
strict lockdowns on public movement, 14-day isolation of cases, quarantine of all close contacts, and testing of

all close contacts in an effort to identify each and every case of COVID-19 infection.
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Abstract

Background

Hospital healthcare workers (HCW) are at increased risk of contracting COVID-19 infection. We aimed to
determine the seroprevalence of SARS-CoV-2 antibodies in HCW in Ireland in two locations with diverging
community and HCW incidence at two points in time during the COVID-19 pandemic, and to determine HCW
risk factors for seropositivity. We also aimed to compare commercially available assays for the detection of
SARS-CoV-2 antibodies, and to measure serological response to COVID-19 vaccination. Two tertiary referral
hospitals in Irish cities with diverging community incidence and seroprevalence were identified; COVID-19 had
been diagnosed in 10.2% of staff of St. James’s Hospital, Dublin (SJTH) and 1.8% of staff of University Hospital
Galway (UHG) respectively by the time of the first study (October 2020 — PRECISE 1). PRECISE 1 took place
prior to the roll-out of COVID-19 vaccination. The second study (PRECISE 2) took place in April 2021, four

months after the start of vaccination at both sites.

Methods

Two cross-sectional studies were performed in October 2020 and April 2021 respectively. All staff of both
hospitals (N=9038) were invited to participate in an online questionnaire and blood sampling for SARS-CoV-2
antibody testing in October 2020 and April 2021. In October 2020, all samples were tested on two serological
assays (Abbott Architect 1gG assay and Roche Elecsys panantibody assay, both detected antibodies to the anti-
nucleocapsid (anti-N) protein) and a subset of samples were also tested on the Wantai ELISA total antibody
assay, targeting antibodies to the anti-spike (anti-S) protein. In April 2021, all samples were tested via the Roche
Elecsys assay for both anti-N and anti-S antibodies. Frequencies and percentages for positive SARS-CoV-2
antibody were calculated and adjusted relative risks (aRR) for participant characteristics were calculated using

multivariable regression analysis. The performance of each assay was compared.

Results

In October 2020 5,788 HCW participated (64% response rate). Seroprevalence of antibodies to SARS-CoV-2
was 15% and 4.1% in SJH and UHG, respectively. Thirty-nine percent of infections were previously
undiagnosed. On multivariable analysis, the adjusted relative risk (aRR) for seropositivity was higher for
healthcare assistants (aRR: 2.0, 95%Cl:1.4-3.0), nurses (aRR: 1.6, 95%CI: 1.1-2.2), daily exposure to patients
with COVID-19 (aRR: 1.6, 95%Cl: 1.2-2.1), age 18-29 years (aRR: 1.4, 95%Cl: 1.1-1.9), living with other HCW
(aRR: 1.3, 95%CI: 1.1-1.5), Asian background (aRR: 1.3, 95%CI: 1.0-1.6), and male sex (aRR: 1.2, 95%CIl 1.0-
1.4). In HCW with prior PCR-confirmed COVID-19 infection (N=367), the Roche assay detected 95% of these
infections, and had sustained positivity up to 33 weeks after infection. Only 41% of these participants tested
positive on the Abbott assay. The decline in Abbott positivity starting at week 21/day 150 after confirmed

infection.
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In April 2021 5085 HCW participated (56% response rate). Seroprevalence of antibodies to SARS-CoV-2
indicative of past infection rose to 21% and 13% in SJH and UHG respectively. Twenty-six percent of infections
had been previously undiagnosed (decreased from 39% in October 2020). Risk of seropositivity was higher for
the following characteristics: working in SJH (aRR 1.5, 95% CI 1.3-1.8, p<.001), being a healthcare assistant
(aRR 1.8, 95% CI 1.3-2.3, p<.001), being of African or other black background (aRR 1.7, 95% CI 1.3-2.2,
p<.001), lower level of education (aRR 1.4 for secondary level education, 95% CI 1.1-1.8, p=0.002), being a
nurse (aRR 1.4, 95% CI 1.0-1.8, p=0.022), daily contact with COVID-19 patients (aRR 1.4, 95% CI 1.1-1.7,
p=0.002), daily contact with patients without suspected or confirmed COVID-19 (aRR 1.3, 95% CI 1.1-1.5,
p=0.013), being 18-29 years of age (aRR 1.3, 95% CI 1.1-1.6, p=0.002), being male (aRR 1.2, 95% CI 1.0-1.4,
p=0.016), and living with other HCW (aRR 1.2, 95% CI 1.0-1.4, p=0.007). One hundred percent of fully
vaccinated participants had detectable anti-spike antibodies in response to vaccination. Twenty-three of these had

had breakthrough COVID-19 infection, representing 0.6% of all fully vaccinated participants.
Conclusion

The HCW seroprevalence was six times higher than community seroprevalence following the first wave of the
pandemic in Ireland and rose further with subsequent waves. Risk was higher in the hospital situated in a higher
density area with higher community incidence during the three waves of the pandemic that occurred during this
research. Risk was higher for those with close patient contact. The proportion of undiagnosed infections
decreased from October 2020 to April 2021 but remained high; this calls for ongoing robust infection control
guidance and easy access to testing for HCW. Screening of asymptomatic HCW can help to decrease
transmission, inform vaccine efficacy surveillance, and enhance infection prevention and control (IPC) measures,
however the role of such screening remains to be clearly defined. The Roche assay performed better than the
Abbott assay at detecting past infection and is more appropriate for future population-based studies looking at
seroprevalence post natural infection. With emerging evidence of reduction in transmission from vaccinated
individuals, the authors strongly endorse rapid vaccination of all HCW. The production of antibodies post-
vaccination in all participants fully vaccinated is extremely reassuring; further studies are needed to correlate this
serological response with functional immunity. The proportion of breakthrough infections in fully vaccinated
participants was in keeping with the published literature; formal vaccine efficiency studies are needed to further
characterise breakthrough infections and estimate protection from infection, particularly with the ongoing
emergence of variants of concern. The results of this research and the lessons learned from planning and
executing the research can inform future pandemic planning as it pertains to hospital practices and risk factors for
infection in HCW. This research platform has evolved with the evolution of the pandemic, with further sub-
studies providing ongoing contribution to advancing our understanding of the changing epidemiology of
COVID-19, and of infection and re-infection as relates to vaccination and serological status among the HCW

cohort.
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Lay Abstract

COVID-19 infection is a viral illness caused by a new coronavirus SARS-CoV-2, that has spread to become a
global pandemic. Healthcare workers are more at risk of becoming infected by SARS-CoV-2 than most other
workers; they can pick up the infection from patients or other healthcare workers who don't know they have the
infection. They can pass this infection on to other staff or to patients and they remain working even in extreme
situations such as lock down. When a person becomes infected with a new virus, their immune system becomes
activated. In many cases specific antibodies against the new virus are produced. These antibodies can be detected
in the blood, usually a week or two after the illness started. By doing a blood test for these antibodies it is

possible to say that the person has been infected at some stage with the SARS-CoV-2 virus.

The aim of this study, called the PRECISE Study (Prevalence of COVID-19 in Irish Healthcare Workers), was to
see how many healthcare workers in Irish hospitals have likely been infected with the SARS-CoV-2 virus, and to
see changes in the prevalence of antibodies at two points in time during the pandemic. We aimed to compare the
amount of infections (called the seropositivity) in two different areas of Ireland, one where there were more
COVID-19 infections (Dublin) and one where there were less (Galway). There are many different tests for
antibodies — called assays. We used two different types of assay for this test so we could also try to understand
which one was better at picking up past infections. In April 2021 we also tested for a type of antibody that is
produced after vaccination, so we were able to tell if staff had had an antibody response after their COVID-19
vaccination. This hopefully is a good indicator that the vaccine has made the person immune to severe COVID-
19 disease, though we do not yet know yet how long that immunity will last for, and whether repeated
vaccination will be necessary. The study was carried out in St. James’s Hospital (SJH) in Dublin, and University
Hospital Galway (UHG). All staff of both hospitals (>9000 people) were invited to participate by doing a short

online questionnaire and giving a blood sample. This was done in October 2020 and again in April 2021.

Over 5000 staff members participated in October 2020 and in April 2021. The overall seroprevalence (the
proportion of staff that had SARS-CoV-2 antibodies) was 15% in SJH and 4.1% in UHG in October and rose to
21% in SJH and 13% in UHG by April 2021. The difference between the two hospitals was expected, as in the
community there was much higher level of transmission in Dublin than in Galway, and this is one of the factors
that puts healthcare workers at risk. The difference between October 2020 and April 2021 was also expected, and
it reflects the magnitude of the 3 wave of the pandemic in both places. Other than location, there were several
factors that meant HCW were more likely to have a positive antibody test such as male sex, Black or Asian
ethnicity, and having jobs that involved close contact with patients, such as healthcare assistants, nurses and
doctors. We also found that living with other HCW added to this risk, which confirms what we know about many
of the infections happening in the household and not just in the hospital workplace. In Dublin, HCW are more
likely to be living together in smaller spaces, and this may have contributed to the higher seroprevalence in the
Dublin hospital. We found that in October almost 40% of people who had antibodies to COVID-19 had never
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been diagnosed with COVID-19 infection. By April this had come down to 26%, but this is still high. Most staff
had been fully vaccinated by April; all staff who had been fully vaccinated had antibodies produced as a reaction

to the vaccine.

The study has helped in making decisions about how to control the spread of the infection in hospitals, who is
most at risk and how to make the hospital a safer working environment. It has also helped to understand which
tests are best to use when doing studies of this nature in the future, and to understand antibody response after
COVID-19 vaccination. The fact that many infections had not been diagnosed means that it is important to keep
following all of the guidelines for infection control and prevention, and we need to have easy access to testing for
HCW. The antibody response to vaccination was excellent. Vaccine efficiency studies are ongoing worldwide,
including in Ireland, and will help us understand better the link between vaccination, immunity and transmission.
This research and other studies that have continued on from it will also help us to be better prepared for future

pandemics.
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Research Aims

The purpose of the research was to determine the prevalence of anti- SARS-CoV-2 antibodies in HCW in two

hospitals with diverging community and healthcare rates of infection to improve understanding of HCW risk

factors (demographic, living arrangements and work-related risks) for SARS-CoV-2 infection and to inform risk

reduction activities and help health services to prepare for further waves of the pandemic. This research was

planned in Spring/Summer 2020 following the first wave of SARS-CoV-2 and the research questions | wanted to

answer at that time were:

What is the seroprevalence of SARS-CoV-2 antibodies in HCW in Ireland following the first wave of
infection?

What are the main risk factors for SARS-CoV-2 acquisition in HCW in Ireland?

How does this differ in locations of higher versus lower community incidence of COVID-19 infection?
What proportion of COVID-19 infections in healthcare workers have been asymptomatic and/or
undiagnosed?

Have the seroprevalence, risk factors, and proportion of undiagnosed infections changed over the course
of the pandemic as access to testing and recognition of symptoms has changed?

What is the best commercially available SARS-CoV-2 antibody assay for future population
seroprevalence studies such as this?

How have antibody levels declined over time?

What serological response have HCW had to COVID-19 vaccination?

What proportion of HCW have had a proven COVID-19 infection post-dating receipt of vaccination?

Specific Objectives:

To measure the prevalence of antibodies to SARS-CoV-2 in all healthcare workers in two hospitals in
Ireland in areas of differing COVID-19 incidence relating to the first, second and third waves of the

pandemic in Ireland.
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To compare the prevalence of antibodies to SARS-CoV-2 across the two geographical areas with higher
and lower incidence of cases of COVID-19 in Ireland, as defined at the time of commencing the
research.

To perform the cross-sectional sero-survey at two time points during the pandemic and document the
changing patterns in the prevalence of antibody positivity.

To compare antibody prevalence by HCW demographics, working role, degree of patient exposure, and
living arrangements.

To examine the relationship between the presence of antibodies to SARS-CoV-2 and the self-reporting
of symptoms consistent with COVID-19 or having a previous diagnosis of COVID-19 infection.

To compare commercially available laboratory assays for the detection of antibodies to SARS-CoV-2
To evaluate decay in SARS CoV?2 antibody levels over a six-month time period.

To evaluate antibody response to vaccination in vaccinated individuals.

24



Value of the Research

This research answered important questions about transmission and immunity dynamics of COVID-19 infection
in the hospital setting in Ireland. These learning points can inform future pandemic planning as pertains to
hospital and HCW practices and risk factors for infection. Prior to this study, we had an estimate of national
community seroprevalence to SARS-CoV-2 from the SCOPI study, discussed in Chapter 1. The seroprevalence
among HCW was presumed to be higher, based on HPSC incidence data, however it had not been calculated, and
we did not know what the gap was between diagnosed and undiagnosed infections in HCW. Seroprevalence
studies are being conducted worldwide with varying results in HCW, and therefore having our own Irish data on
this was paramount. We also know that much onwards transmission is happening in Irish hospitals, contributing
to local outbreaks both in hospitals and in the community. Understanding these transmission dynamics are key to
controlling the hospital acquisition and outbreaks at national level, and this study has helped to identify the main
risk factors related to HCW demographics, working role and living situation. The study has also confirmed the
suspicion that seroprevalence among HCW are much higher than community seroprevalence, and at a national
level this data has helped with the roll-out of the vaccination programme, confirming that HCW should be
offered vaccination as early as possible, that all efforts should be made to achieve high vaccination rates among
HCW, and that messaging among certain groups of HCW should be prioritised. At the outset of this research,
there were very few published comparative data on the use of commercially available assays for detection of
SARS-CoV-2 antibodies and on the duration of antibody response after confirmed infection. Our research studies
have contributed to national and international understanding on both of these fronts. Finally, when this study was
designed we did not yet have vaccination against COVID-19 infection. We were able to adapt the second study
(PRECISE 2) to measure antibody response to vaccination, which was an emerging field at the time of our
research; the research programme was designed prior to the advent of SARS-CoV-2 vaccination. This helped at a
local level to quantify the proportion of staff expected to be immune, not just by history of vaccination, but also
by proven antibody response. This has also added to the understanding of the relationship between antibody
response (either following natural infection or vaccination) and immunity, which is yet to be clearly established,
especially regarding VOC. Of note, this set of studies was conducted prior to the emergence of the omicron
VOC, but it has fuelled further research, including partnership in a WHO vaccine efficacy (VE) study which is
ongoing. This research has also led to further studies as described in Chapter 7.2, highlighting the ongoing

contribution of this research consortium after the completion of the work described in this thesis.
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Outputs

The work detailed in this thesis has been published in report format and in scientific manuscripts and has been
presented at meetings and conferences, as detailed below. | have won an annual award from the Royal Academy
of Medicine in Ireland for the best oral presentation of work of epidemiological and /or public health interest by a
person in a training post and by those undertaking research up to the level of PhD. Over the years this medal has
been won by many of those currently prominent in public health in Ireland and is a well-recognised marker of
distinction in epidemiology. | have also won a prize for the best oral presentation of research at the Infectious
Diseases Society of Ireland National Conference.

Reports

1. Summary Report to National Public Health Emergency Team (NPHET) — 30" December 2020, with
particular focus on at-risk groups for vaccination prioritisation.

2. Full Report of PRECISE 1 findings of October 2020 to NPHET 19" January 2021, available on HPSC
website at https://www.hpsc.ie/a-
z/respiratory/coronavirus/novelcoronavirus/research/precise/PRECISE%20Study%20Phase%201%20Int
erim%20Report%20January%202021.pdf

3. Full Report of PRECISE 2 findings of April 2021 to NPHET July 2021, available on HPSC website at
https://www.hpsc.ie/a-
zlrespiratory/coronavirus/novelcoronavirus/research/precise/PRECISE%202%20Report%20v2.0%20wit
h%20addendum.pdf

Publications in Scientific Journals (see Appendix 2 for full articles)

1. Allen, N., Ni Riain, U., Conlon, N. et al. (2021). Prevalence of Antibodies to SARS-CoV-2 in Irish
Hospital Healthcare Workers. Epidemiology and Infection, 1-33. d0i:10.1017/S0950268821000984.

2. Kerr C, Allen N, Hughes G, Kelly M, O'Rourke F, Lynagh Y, Dunne J, Crowley B, Conlon N, Bergin C
(2021). SARS-CoV-2 anti-nucleocapsid assay performance in healthcare workers at baseline and
6 months. Irish Journal Medical Science. 2021 Jul 7:1-4. doi: 10.1007/s11845-021-02700-5. Epub
ahead of print. PMID: 34235708; PMCID: PMC8262428.

3. Allen N, Fleming C, Bergin C (2021) Epi Insight, Volume 22, Issue 2, March 2021, Antibodies to SARS-CoV-2
in Hospital Healthcare Workers in Ireland.
https://ndsc.newsweaver.ie/40taa688p3/16yk7vgbgqgt?lang=en&a=1&p=58872704&t=31302934
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Presentations

1.

Awards
1.

2.

Royal Academy of Medicine in Ireland (RAMI) Epidemiology and Public Health Medicine Section,
Jacqueline Horgan Bronze Medal Meeting, 13" May 2021 (abstract published in Irish Medical Journal).
Infectious Diseases Society of Ireland (IDSI) Annual National Meeting, 2™ June 2021.

European Congress for Clinical Microbiology and Infectious Diseases (ECCMID) Conference Oral
presentation July 2021 (presented by a co-author on behalf of the study group).

Monthly Scientific Meeting — Science Foundation Ireland (SFI) SPP Immunology of COVID-19, 2™
March 2021.

St. James’s Hospital Immunology Seminar Series, 24™ February 2021.

European Scientific Conference on Applied Infectious Disease Epidemiology (ESCAIDE) — oral

presentation November 2021 (presented by a co-author on behalf of the study group).

Royal Academy of Medicine in Ireland (RAMI) Epidemiology and Public Health Medicine Section,
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Chapter 1: Introduction

1.1 Epidemiology of COVID-19 infection

1.1.1 Global epidemiology of COVID-19 in Healthcare Workers

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus was first identified in December 2019
in Wuhan, China, and spread rapidly internationally to cause the most significant pandemic since the Spanish
Influenza of 1918, with over 158 million cases worldwide and death toll of 3.3 million by April 2020 (1).

Healthcare workers (HCW), and those that they live with, are at increased risk of contracting COVID-19 viral
disease (2) (3) (4) (5) (6). HCW risk acquisition of infection from patients and from each other, and risk passing
it to household members and to other staff and patients (7). For multiple reasons, including absence of symptoms,
access to PCR testing, stigma, lack of motivation to test, and test sensitivity, only a proportion of total infections
in a population will be diagnosed at the time of infection. Seroprevalence studies are useful to estimate the true
prevalence of past infection in a population group (8). Although the correlation between antibody positivity and
immunity is not yet fully understood for COVID-19, seroprevalence studies can also help to estimate potential
immunity in the target population, as well as to identify sub-groups at higher risk of infection acquisition, and
groups that should be targeted for vaccination. They can also help to quantify the proportion of asymptomatic
infections (8) (9).

SARS-CoV-2 antibody seroprevalence studies have been conducted in HCW in numerous European countries
during the first year of the pandemic, and have showed widely varying antibody positivity proportions of
between 1% and 45% (10) (11) (12) (13) (14) (15). A large meta-analysis showed an overall seropositivity of
8.5% in European HCW (16). Risk of antibody positivity has been correlated with degree of patient contact (12)
(14) (17). Studies have also shown that a significant proportion of infections may be asymptomatic (18). HCW

who have asymptomatic infection risk unknowing onwards transmission either in the work or home environment

(9) (19).
1.1.2 Epidemiology of COVID-19 infection in Ireland, and in Irish Healthcare workers

Up until the beginning of December 2020, Ireland had had one of the lowest incidence of COVID-19 infection of
any European country (1) (20) (21). By the first week of December 2020 Ireland had had just over 75,000
infections, and 2120 deaths, resulting in a cumulative attack rate of 0.015% and a mortality rate of 2.8% (1) (20).
From mid-December 2020 the incidence of COVID-19 in Ireland increased dramatically as Ireland headed into
its third wave of the pandemic (20). This wave was much larger in magnitude and length than the preceding two

waves and resulted in Level 5 restrictions (22) from January 2021 until May 2021 as a mitigation attempt while
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vaccination was rolled out. During this time the cumulative incidence rose to over 250,000 infections and the
death toll rose to just under 5000 deaths (23).

The Study to investigate COVID-19 Infection in People Living in Ireland (SCOPI) which took place in June/July
2020 tested for antibodies to COVID-19 in members of the community in two areas of Ireland; results showed a
national seroprevalence of 1.7%. This was three times higher than the number of PCR-diagnosed infections.
Seroprevalence was significantly higher in the Dublin area (3.1%) with comparison to the Sligo area (1.8%) (24).
This was in keeping with the difference in incident rates of infection in the two communities during the first
wave of the pandemic which preceded the study. Almost three quarters of the population sampled reported

having experienced symptoms consistent with COVID-19 viral disease (24).

Prior to this study there were no published literature on the seroprevalence of antibodies to SARS-CoV-2
infection in Irish Healthcare workers (HCW), but it was known from surveillance data that a high proportion of
the COVID-19 cases notified were in HCW (25). An unpublished seroprevalence study conducted in Tallaght
University Hospital in west Dublin showed that 18% of hospital staff had positive antibodies to COVID-19 (26).
Many HCW in Ireland share accommodation, putting them at risk of acquiring or transmitting infection in the
home environment as well as the workplace. This is especially true in the Dublin area, where housing is more
expensive, and HCW are more likely to share smaller living spaces. Understanding the transmission and
immunity dynamics in HCW and in hospitals in Ireland were key factors in controlling the pandemic at national
level for multiple reasons including; reduced incidence and onward transmission in the hospital setting, which
may also impact positively on community transmission; reduced risk of consequences of infection in HCW, both
poor outcomes and staffing issues which directly impact all patient care; reduced risk of transmission of infection
from HCW to vulnerable hospitalised patients. These learnings will need to be incorporated into future pandemic

preparedness.

1.2 Laboratory Assays for the detection of SARS-CoV-2 Antibodies

Serological assays for the detection of SARS-CoV-2 antibodies have a significant role to play in the response to
the COVID-19 pandemic worldwide. Detectable antibody to SARS-CoV-2 is an excellent indicator of past
SARS-CoV-2 infection (27) and therefore helps determine the proportion of a population that has been
previously exposed or infected. Population seroprevalence studies can provide crucial supplementary information
to national surveillance systems and have the benefit of accounting for asymptomatic cases and symptomatic
individuals who may not present to the health services for testing. As mass COVID-19 vaccination programmes
are rolled out globally, serological assays may have a role in assessing host vaccine response and predicting
vaccine effectiveness (28). They may also potentially be used to inform individual risk of disease (29) with
emerging evidence of up to six months of immunity after natural infection (30), though further research on this

area of post-infection immunity is required.
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There are many different commercially available assays for the detection of SARS-CoV-2 antibodies in serum.
These include assays that detect certain antibodies only e.g., Immunoglobulin (1g) G or IgM, as well as
panantibody assays which detect more than one antibody. As well as this, antibodies can be directed against
different parts of the virus. Two of the commonly detected antibodies are antibodies to the nucleocapsid protein
(anti-N) and antibodies to the spike protein (anti-S). Either, or both, of these antibodies can be produced
following a natural infection with COVID-19 virus. Anti-spike antibodies are also produced following

vaccination against SARS-CoV-2 with the vaccines currently licensed and available for use in Ireland.

Many studies have examined the timing of antibody production and sensitivity of commercially available
antibody assays in the early stages of infection with SARS-CoV-2 (31) (32). Few studies have evaluated and
compared the longevity of assay sensitivity post PCR-confirmed infection for different assays on the same HCW
population. As the pandemic progresses, retained sensitivity over time is an important quality in an antibody
assay that is to be used for the purpose of population seroprevalence studies. Decline in SARS-CoV-2 antibody
response to natural infection over time has been described (33) (34), and different antibodies may wane at
different rates. Some studies have shown sustained antibody detection for up to 100-125 days (35) (36).
Understanding the duration of antibody response over time is key to understanding the accuracy of
epidemiological studies and informing public health pandemic response measures. Antibodies are easier to
measure than other markers of immunity such as T-cell responses, however the extent and duration of immunity
and its relationship to antibody positivity is not yet fully understood. The use of serology at individual level for
the purpose of estimating immunity also requires detailed understanding of the timing and waning of antibody
response in relation to PCR-positivity. A UK study comparing five widely available commercial assays
(including the Abbott Architect anti-nucleocapsid IgG assay and Roche Elecsys Anti-SARS-CoV-2 panantibody
assay) found them all to have a sensitivity and specificity of at least 98% 30 days post symptom onset (37).
Regarding longevity of the antibody response there are few published data, and results differ; a study comparing
four different serological assays showed a decline in the performance of the Abbott IgG assay after 60 days, and
a further decline after 80 days (38), whereas another study of the same assay showed a mean of 137 days to loss
of positive antibody (39). Further data comparing antibody assays for the detection of antibodies to SARS-CoV-2

are needed to guide the most appropriate use of certain commercially available assays in any given situation.

1.3 Variants of Concern

Cases of four variants of concern (VOC) were identified in Ireland between late December 2020 and April 2021;
B.1.1.7 (UK1), B.1.351 (South Africa), P.1 (Brazil) and B.1.617.2 (India). The majority of cases sequenced in
the third wave of the pandemic in Ireland were due to B.1.1.7. There were very few cases of other VOC amongst

the sequenced samples during the time period covered by Precise 1 and 2 (40).
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1.4 COVID-19 Vaccination

1.4.1 Vaccines available for COVID-19

By May 2021 there were four COVID-19 vaccines approved by the European Medicines Agency (EMA) for use
in human subjects; BNT162b2mRNA - BioNTech (Pfizer), mMRNA-1273 (Moderna), ChAdOx1 nCOV-19
(Vaxzevria - formerly COVID-19 Vaccine AstraZeneca) and Johnson & Johnson’s Janssen (J&J/Janssen)
COVID-19 Vaccine. These vaccines work via different mechanisms. The Pfizer and Moderna vaccines are
messenger Ribonucleic Acid (MRNA) vaccines. Vaxzevria and J&J/Janssen are adenoviral-vector vaccines.
Pfizer, Moderna and Vaxzevria require two doses to achieve the best immunological response. J&J/Janssen is a
single-dose vaccine (41) (42) (43) (44).

1.4.2 COVID-19 Vaccination in Ireland

Vaccination for COVID-19 in Ireland began in late December 2020, with initial roll-out to staff and patients of
nursing homes, and to HCW working in acute sector hospitals. The main vaccine available for use in Ireland at
the time was the Pfizer vaccine, followed shortly by the Vaxzevria vaccine. From 30" December 2020 until 215
January 2021 HCW were offered the Pfizer vaccine with a dosing interval of 21 days. From 22" January 2021
until late February 2021 HCW were offered the Pfizer vaccine with a dosing interval of 28 days. From late
February 2021 onwards HCW were offered AstraZeneca Vaccine with a dosing interval of 12 weeks. This dosing
interval was delayed to 16 weeks in non-urgent cases on the recommendation of the National Immunisation
Advisory Committee (NIAC) in April 2021 (45) following global reports of rare thrombosis associated with

receipt of AstraZeneca Vaccine (46).

1.4.3 Antibody Response and Immunity following COVID-19 infection and Vaccination

Natural infection with COVID-19 produces both B- and T-cell mediated immunity. There is a degree of waning
of this immunity over time: infection-induced immunity has been shown to protect for up to six months (30),
while duration of antibody response is varied (35) (38). Vaccines have been shown to be protective both against
infection and against symptomatic disease (47). Vaccination is also associated with lower viral loads (48) and
decreased duration of oropharyngeal PCR positivity which are very likely to correlate with decreased
transmissibility. Vaccine-induced immunity produces a more robust response in both adaptive immune systems,
therefore vaccination is likely to protect against infection for a longer duration of time, including against variants
of concern (49) (50) . Immunity after natural infection may not protect against re-infection with variants of
concern (51) while vaccine-induced immunity is reduced, but not lost, against variants of concern (52) (53).
Robust B- and T-cell responses to vaccination have been shown for both mRNA vaccines and viral vector

vaccines (54). Antibody response has been shown to correlate with protective immunity against infection (55).
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1.5 Description of Study Sites

1.5.1 St. James’s Hospital, Dublin

At the peak of the first wave of the COVID-19 pandemic in Ireland, Dublin was the area in Ireland that had the
highest number of COVID-19 infections diagnosed. St. James' Hospital (SJH) is a large teaching hospital located
in Dublin's south inner city with almost 4,700 employees and over 1000 beds. Nursing staff account for 38% of
the workforce, followed by allied health care professionals and laboratory staff (16%), medical and dental staff
(14%), administrative staff (14%), health care assistants (10%) and general support staff (8%). Seventy-seven
percent of staff on site are female and 48% of staff are over the age of 40 years. Regarding nationality, 77% of
staff are Irish, with Indian (7%) and Filipino (7%). From March-May 2020 9.8% (458/4692*) of this workforce
tested positive for SARS-CoV-2 infection via PCR, and by the start of October 2020 10.2% of staff had tested
positive by PCR, resulting in significant impact on staffing levels in the hospital; 42% of these infections were in
nursing staff, 15% in healthcare assistants, 10% in doctors, 5% in health and social care workers, 6% in

administration staff and 3% in general support staff (56).

*Denominator data from Human Resources Department, differs slightly from Occupational Health Department denominator data used in published manuscript in
Epidemiology and Infection. HR data used throughout this thesis for consistency.

1.5.2 University Hospital Galway

University Hospital Galway (UHG) serves as both a regional hospital for Galway as well as being the tertiary
referral centre for the SAOLTA hospital group. COVID-19 incident rates in the community in county Galway
were significantly lower than that of the greater Dublin area during the first, second and third waves of the
COVID-19 pandemic in Ireland (peaks in April and October 2020 and January 2021 respectively (23) (20)) and
the regional seroprevalence was assumed to be similar to that of neighbouring Sligo area, where the national
seroprevalence study was conducted (24). UHG has over 500 beds and almost 4400 employees, composed of
15% administrative/management staff, 14% health and social care, 39% nursing staff, 5% general support staff,
7% other patient and client care and 20% medical/ dental staff. Seventy-six cases of COVID -19 were diagnosed
by PCR and reported to occupational health during the first wave of the pandemic, corresponding to 1.7%
(76/4395*) of employees affected; 54% of these infections were in nursing staff and 25% in medical and dental
staff. Only 3 further infections were identified up until the start of October 2020; amounting to 1.8% (79/4395) of
all employees (57).

The study was planned at the end of the first wave of the pandemic in Ireland and was performed during the

second and third waves. The third wave of the pandemic was larger in magnitude and duration nationwide than
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the first two waves, and there were an increased proportion of notifications in HCW (58) . The national
epidemiology remained similar in these successive wave in terms of highest incidence in the greater Dublin area
(23) (20), however the gap in incidence between Dublin and Galway was narrower at certain points of the third
wave; in January 2021 the 14-day incidence for Galway approached that of Dublin (59). The community
incidence of this third wave peaked in January with a 14-day incidence high of >1400/100,000 cases in Dublin
(60). The incidence remaining high through February and March and had a slow tail off into the early summer
months. By the start of the second seroprevalence study in April 2021, the incidence was 181/100,000 in Dublin
and 83/100,000 in Galway (61).

The third wave impacted both hospitals more significantly than the first and second waves, with multiple hospital
outbreaks involving both patients and staff. By the start of April 2021 18.5% (869/4692) of staff of SJH and
9.2% 404/4395) of the staff of UHG had tested positive by PCR. Onsite testing continued at both sites for all

staff presenting with symptoms. Asymptomatic testing was carried out in the setting of ward contact or outbreak.

1.5.3 COVID-19 Vaccination at study sites

Both study sites were involved in the initial vaccine roll-out in Ireland in December 2020/January 2021. By the
time of the second study in April 2021, most healthcare workers in our study sites who wished to be vaccinated
had completed a full course of vaccination. At this time the vaccine uptake rate at each site was unknown, due to
centralisation of the vaccination programme. A minority of healthcare workers were still awaiting the second
dose of vaccination; this included those who joined the workforce later in 2021, and those who had other delays

to first dose vaccination such as a first trimester pregnancy or COVID-19 infection.

1.6 Research Aims

The primary study aim was to perform antibody testing on all healthcare workers in two Irish hospitals to
estimate the SARS-CoV-2 seroprevalence amongst a large cohort of HCW working in acute sector hospitals in
Ireland. We aimed to compare the prevalence of antibodies to SARS-CoV-2 across hospitals in two geographical
areas with higher and lower community and hospital cumulative incidence of COVID-19 in Ireland, as defined at
the time of commencing the study. We aimed to estimate the number of HCW that had undiagnosed COVID-19
infection, and to improve understanding of HCW risk factors (demographic, living arrangements and work-place
related risks) for SARS-CoV-2 infection, in order to inform health services preparedness for further waves of the
pandemic. This study was called PRECISE 1; Prevalence of COVID-19 in Irish Healthcare Workers.

We also aimed to repeat this seroprevalence study six months later, in April 2021, to assess changes in overall
seroprevalence at each site as the pandemic progressed, and to describe the changing epidemiology of COVID-19

infection in HCW as the pandemic progressed. This second study (PRECISE 2) had a nested aim of including
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longitudinal follow up of linked cases (of HCW who participated in both PRECISE 1 and PRECISE 2) after six

months to evaluate antibody decay.

The assay chosen for this seroprevalence study at conception was the Abbott Architect anti-nucleocapsid 1gG
assay. This was chosen due to its reported high sensitivity and specificity and the Irish experience with this assay
during the SCOPI study (24). This also ensured that our results would be directly comparable to the community
seroprevalence found by the SCOPI study. During the first seroprevalence study in October 2020 (PRECISE 1),
newly published literature suggested that there may be sensitivity issues with the Abbott assay, mostly in relation
to increasing time interval between PCR-confirmed infection and serological testing as discussed above (38). We
were quickly able to adapt expand our laboratory methodology to include testing on an additional assay to ensure
sensitivity of results. We also responded to this emerging field by adding the aim of comparison of antibody
detection on these commercially available assays to our study aims. We conducted a secondary analysis with the
aim of comparing the prevalence of anti- SARS-CoV-2 antibodies in the same HCW population using two
different assays targeting the anti-nucleocapsid protein; Abbott Architect SARS-CoV-2 immunoglobulin (1g)G
assay and Roche Elecsys Anti-SARS-CoV-2 immunoassay (62) (63) (64). We also aimed to compare antibody
prevalence for a subset of samples on an assay targeting the anti-spike protein; the Wantai SARS-CoV-2
Antibody ELISA (65).

With the introduction of COVID-19 vaccination, we had to respond again to the rapidly changing landscape of
the pandemic, and the initial proposals for PRECISE 2 were revised to include consideration of the roll out of
vaccines directed against SARS-CoV-2. The research programme structure was well placed to include

assessment of serological and cellular indices of post vaccine immunity (66) (67).
Specific Research Objectives

e To measure the prevalence of antibodies to SARS-CoV-2 in HCW in two hospitals in Ireland in areas of
differing COVID-19 incidence

e To report the prevalence of antibodies to SARS-CoV-2 by sex, age group, ethnicity, nationality, area of
work, type of patient exposure, previous symptoms, previous PCR testing, and living arrangements

e To examine the relationship between the presence of antibodies to SARS-CoV-2 and the self-reporting of
symptoms consistent with COVID-19 or having a previous diagnosis of COVID-19 infection

e To repeat the study after six months to assess changes in overall SARS-CoV-2 sero-prevalence

e To assess changes in individual serostatus for those who participated in both studies separated by six
months

e To estimate time to antibody decay for those participants with previously confirmed COVID-19 infection

e To compare commercially available assays for the detection of SARS-CoV-2 antibodies

e Toassess indices of immunity and protection post vaccination

e To quantify COVID-19 infections in vaccinated staff
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Studies involved and specific aims/ outcomes

1. Cross sectional seroprevalence study of antibodies to SARS-CoV-2 antibodies in HCW, October 2020
(PRECISE 1)

To measure the prevalence of antibodies to SARS-CoV-2 in all healthcare workers in two hospitals
in Ireland in areas of differing COVID-19 incidence during the first wave of the pandemic.

To compare the prevalence of antibodies to SARS-CoV-2 across the two geographical areas with
high and low incidence of cases of COVID-19 in Ireland, as defined at the time of commencing the
study.

To assess the relationship between the presence of antibodies to SARS-CoV-2 and the self-
reporting of symptoms consistent with COVID-19 or having a previous diagnosis of COVID-19
infection.

To calculate age-specific susceptibility to SARS-CoV-2 infection in the study population.

To assess demographic factors relating to SARS-CoV-2 infection in the study population.

To compare antibody prevalence by working role, degree of patient exposure, and living
arrangements.

To quantify asymptomatic infections.

To quantify undiagnosed infections.

2. Cross sectional seroprevalence study of antibodies to SARS-CoV-2 antibodies in HCW, April 2021
(PRECISE 2)

To measure the prevalence of antibodies to SARS-CoV-2 in all healthcare workers in two hospitals
in Ireland in areas of differing COVID-19 incidence in the first, second and third waves of the
pandemic.

To compare the prevalence of antibodies to SARS-COV-2 across the two geographical areas with
high and low incidence of cases of COVID-19 in Ireland.

To compare the prevalence of antibodies to SARS-CoV-2 in HCW at the same location at two
points in time separated by 6 months.

To compare the seroprevalence in HCW after the first wave of the pandemic in Ireland versus after
the second and third waves of the pandemic in Ireland (PRECISE at the start of the second wave;
PRECISE 2 in the decline of the third wave).

To assess the relationship between the presence of antibodies to SARS-CoV-2 and the self-
reporting of symptoms consistent with COVID-19 or having a previous diagnosis of COVID-19
infection.

To calculate age-specific susceptibility to SARS-CoV-2 infection in the study population

To assess demographic factors associated with antibody positivity in the study population.
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To compare antibody prevalence by working role, degree of patient exposure, and living
arrangements.
To quantify asymptomatic infections.

To quantify undiagnosed infections.

3. Comparison of Commercially available Antibody Assays for the detection of SARS-CoV-2 antibodies in

HCW
[ ]

Difference in overall seroprevalence in study population; comparison on two assays.

To compare the performance of three assays in participants with previous PCR- confirmed SARS-
CoV-2 infection.

To compare positivity and concordance for all samples on two assays.

To conduct a sub-analysis of sample results within manufactures’ suggested grayzone.

To compare positivity and concordance for the subgroup of those will previously PCR-confirmed
infection.

To compare positivity and assay concordance by time point in the previously PCR-confirmed
subgroup.

To describe the subset of participants who were previously PCR-positive but who had no detectable
antibody by serology (i.e. discordant results).

To measure the distance to positive threshold of these discordant results.

4. Study to evaluate the decay in SARS-CoV-2 antibody levels over a six-month time period

To conduct a longitudinal follow up of participants common to PRECISE 1 and PRECISE 2.
To assess changes in antibody status related to self-reported PCR-confirmed infection, date of
infection, severity of symptoms, and quantitative antibody result.

To assess waning of antibody over time as a surrogate for duration of potential immunity post

natural infection.

5. Cross-sectional Study of antibody response to COVID-19 vaccination

To measure of anti-spike protein to assess antibody production post vaccination.

To study the relationship between anti-spike antibody result and date of vaccination(s), quantity of
vaccinations (i.e., fully or partially vaccinated), vaccine type and dosing interval.

To quantify the number of PCR-confirmed infections post vaccination and date of occurrence with
relation to timing of vaccination.

To assess the severity of symptoms in those with confirmed infection post vaccination.
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1.7 Hypothesis

Healthcare workers in Irish hospitals are at increased risk of acquisition of COVID-19 infection. Transmission of
COVID-19 is occurring from HCW to HCW, and between HCW and patients. HCW also transmit and acquire
COVID-19 infection in the household, therefore hospital transmission dynamics are strongly linked to
community transmission dynamics. Our hypothesis was extended with the advent of vaccination to include that a

large proportion of fully vaccinated individuals develop anti-spike SARS-CoV-2 antibodies.

e A higher seroprevalence in St. James’ Hospital compared to University Hospital Galway, reflecting
community transmission.

e A higher seroprevalence in HCW performing roles with close patient contact.

e A proportion of HCW with previously undiagnosed infection.

e A proportion of asymptomatic infections.
(There was no pre-existing evidence to guide prediction of what these proportions might be)

e Anincrease in seroprevalence among HCW from October 2020 to April 2021.

e Comparable performance of different antibody assays for the detection of SARS-CoV-2 antibodies,
based on manufacturers’ stated sensitivities.

e Waning of antibody levels over a six-month time period.

e Anti-spike antibody positivity in the majority of fully vaccinated HCW, regardless of vaccine
brand.
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Chapter 2: Methods

2.1 Research Inception and Design

This research was designed by me and the lead site investigator at each research site, in the summer of 2020,
following the first wave of the COVID-19 pandemic in Ireland. The research was guided by a multidisciplinary
research steering committee and endorsed by the National Public Health Emergency Team (NPHET). At that
point in time, a seroprevalence study was underway in the Irish community population (24), but there was no
data on the SARS-CoV-2 seroprevalence amongst Irish HCW, and this was deemed a priority in order to control
the pandemic at national level. Early international data had shown increased rates of infection among HCW, and
the risks of onwards transmission to patients, other HCW and to their families, but transmission dynamics varied
depending on location, making data difficult to generalise to our setting (3) (7) (8) (10) (14). We needed to
understand transmission dynamics in the Irish hospital setting, both in areas of high and low community
incidence, as national IPC guidelines were being developed and constantly revised to reflect the dynamic early
pandemic situation. We needed to improve understanding of HCW infections and in-hospital transmission in
order to decrease the number and magnitude of hospital outbreaks, and the associated morbidity and mortality
among staff and vulnerable patients, and to increase understanding of the number of HCW that may be

unknowingly infected and transmitting COVID-19 infection in the household.

Two Irish hospitals were selected, as discussed in the introduction, and a study steering committee was set up
consisting of public health experts from the Health Service Executive Health Protection Surveillance Centre
(HSE/HPSC), representatives of the Infectious Diseases, Microbiology, Immunology and Occupational Health
Departments of both hospitals, and virology experts from the National Virus Reference Laboratory (NVRL). |

was invited to be the Principal Investigator for the research programme.

The initial research design was a longitudinal seroprevalence study, consisting of two seroprevalence -surveys
occurring six months apart, in October 2020 and in April 2021. The two cross-sectional studies (PRECISE 1;
Chapter 3 and PRECISE 2; Chapter 5) were carried out from 14" -23' October 2020 and the 19™- 28" April
2021 respectively. The sub-study on changes in individual serostatus over a six-month time-period (Chapter 6)
was a longitudinal study of linked data from PRECISE 1 and PRECISE 2. Two further sub-studies arose as we
responded to the dynamic nature of a pandemic; the study of comparison of laboratory assays for the detection of
antibodies to SARS-CoV-2 (Chapter 4) was conducted using additional data collected during PRECISE 1, as a
response to evolving data on sensitivity over time with certain commercially available laboratory assays for the
detection of SARS-CoV-2 antibodies; the study on antibody response to COVID-19 vaccination (Chapter 5) was
added to the initial plans for PRECISE 2 with the roll-out of vaccination in Ireland, and involved planning for

additional testing of all samples on a new anti-spike assay that had not yet been validated in either hospital.
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2.2 National Ethical Approval and Funding

| obtained ethical approval from the National Research Ethics Committee (NREC) for COVID-19, Study
Number 20-NREC COV-101 (33). Amendments to the study testing methodology were requested by me and
granted in January 2021 by NREC, to include testing for serological response to vaccination. | lead the team to
develop a detailed budget for each study and funding to the value of e665,116 was secured through applications
to the Health Service Executive (HSE) COVID-19 budget.

2.3 Participants and Processes

2.3.1 Inclusion Criteria

All staff members of both hospitals were invited to participate, regardless of area of work. Participation was via
an online self-administered consent and questionnaire (68) followed by a blood test on site at their location of
work. Inclusion criteria was all staff members of both hospitals regardless of area of work. This comprised 4692
HCW in SJH and 4395 HCW in UHG, making up a total of 9038 HCW invited to participate. Those who were in
quarantine or self-isolating during the dates of the blood sampling were excluded from participation. Students on

attachment in the hospitals were also excluded from participation.

Sample size calculation

The target population was all staff of both hospitals; 4692 (SJH) and 4395 (UHG). We anticipated an uptake of
70-80% based on other similar studies of COVID seroprevalence in healthcare workers (13) (10). This amounted
to 3284 - 3754 staff in SJH and 3076-3516 in UHG. Considering a pessimistic non-response rate of 30%, we
would have been able to include 1,407 staff in SJH and 1,318 staff in UHG. Considering an extreme (and
conservative for sample size calculation purposes) scenario of 20% we would have a precision that would range
from 1-2%.

2.3.2 Communication Strategy

For information about PRECISE 1 was disseminated from September 2020 onwards, via all-staff emails, text
messages, hospital intranet, hospital meetings, heads of departments and discipline champions. Concerted efforts
were made to directly target groups that are traditionally harder to access, who may not engage with hospital IT
messaging services. Due to the online nature of the participant questionnaire, | was able to track the daily uptake
and bookings both quantitatively and qualitatively, and adjust the hospital and individual group messaging
accordingly, in order to target the disciplines with reduced uptake. Along with the study team, | organised
specific meetings with domestic staff, portering staff, security staff and HCAs in order to inform them of the
study and help them with the online component if required. Our staff members are diverse ethnically and speak
many different languages. To overcome any potential language barrier all study information were available in the

five most spoken languages in the hospitals (English, Filipino, Portuguese, Indian and Polish). | designed the
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study website, which contained information in all five languages, and hard copy posters and participant
information leaflets were disseminated widely in the hospital in all five languages. This methodology was
repeated in April 2021 for PRECISE 2. The messaging for PRECISE 2 included the fact that the study would
now also measure antibody response to vaccination. In the leadup to both PRECISE 1 and PRECISE 2, the
country was under level 5 restrictions (22), which made any group gatherings difficult. This meant that all
messaging had to be done in smaller group environments, with no hospital-wide face-to-face meetings taking
place. This increased the challenge to secure good uptake for the study.

2.3.3 Use of Information Technology Platforms

The online consent platform and questionnaire opened for participation three weeks prior to the commencement
of blood sampling for each serosurvey. Blood sampling took place simultaneously in both hospitals, from the 14t
- 23" October and from the 19'-28™ April 2021. Following online consent, in October participants were asked
for information about their demographics, role in the workplace, type of patient contact and whether they were
also working in the hospital or any other nursing home from January -June 2020. Participants were defined as
high risk if reporting daily contact with patients with known or suspected COVID-19 infection, intermediate-risk
if reporting daily contact with patients without known or suspected COVID-19 infection and low-risk if reporting
little or no patient contact. They were asked about personal previous laboratory confirmed infection, symptoms,
close contact with a confirmed case of COVID-19 and previous testing because of this contact or for any other
reason. The questionnaire also elicited details of living arrangements; number of people in the household,

children versus adults, sick household contacts, and whether they lived with other HCW.

The repeat serosurvey in April 2021 was conducted in a similar manner. The online questionnaire was adjusted to
facilitate those who had participated in October 2020 not having to repeat their contact and testing details.
Amendment to the ethical approval was also obtained for the addition of questions pertaining to vaccination
history; specifically, the type of vaccine received, the number and date of doses received, and whether the
participant had had PCR-confirmed COVID-19 infection post-dating vaccination. In April 2021 participants were
also asked for consent to access their vaccination records, if necessary, to confirm dates or types of vaccine, and
were asked for consent to link their data from PRECISE 1 and PRECISE 2 if they participated in both.

Following completion of the questionnaire, | designed the system to automatically transfer a participant to the
online booking system for the blood test (69). The participants would be directed to the booking system landing
page appropriate to their working location. Following selection of a timeslot for their blood test, the participant
received a confirmation text message and/or email of their booking time. On arrival for phlebotomy, the
phlebotomist selected this booking, which lead to the automatic generation of a random unique participant
identifier code (MRN — medical record number) for each participant. This unique MRN and the participant’s date

of birth were the only information placed on the sample to ensure anonymous processing in the laboratory.
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Figure 1: PRECISE Study Data Flow and use of IT systems
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To the best of our knowledge, this is the first study of its kind in Ireland to be conducted using a fully online
consent process and an online questionnaire.

2.3.4 Results management and dissemination

Participants were asked in the questionnaire whether they would like to receive the results of their antibody test.
For PRECISE 1, results were issued by text message to those in whom antibodies were not detected. Those with
a detected result were phoned by the study team to discuss the meaning of the result. A phone line was
established for those with a not detected result who wished to discuss their result. All participants were offered a
virtual clinic appointment if they wished to discuss their results with a doctor, and | coordinated a team of
doctors to provide this service. For PRECISE 2, all results were issued by text message. Participants who wished
to discuss their result could phone or email the study team to discuss the result, or to book a virtual clinic

appointment with a doctor if they wished to discuss specifically with a medical professional.

The issuing of personal results was one of the factors that was associated with the high uptake of the study. This
aspect of the study required detailed deliberation over wording and message communication to staff due to the
constantly evolving field of understanding of COVID-19 antibody response and immunity. We had to ensure that
the study did not cause either unnecessary worry to HCW, nor a relaxation or perceived exemption from public
health recommendations due to real or perceived immunity. We had to stress the nature of research to inform, as
opposed to clinical testing. This was especially true for the results management for PRECISE 2, where a number
of results combinations were possible; participants vaccinated or not, with none, one or both antibodies detected.
The study team and the study steering group discussed in detail the approach to the results delivery, especially
for the scenario of participants who were vaccinated yet did not have antibodies detected; at the time of the study
the exact relationship between antibody positivity and immunity was not clear, and there were no clinical
guidelines for this scenario (change to working role, repeat vaccination etc) as serological assessment post

vaccination was not routinely indicated for any scenario. For all of these reasons, constant engagement with staff
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on a group and personal level was required throughout the study period to ensure they accompanied the study

team on the research journey.

2.4 Sample testing and Laboratory Methods

For PRECISE 1, samples were initially tested with the Abbott Architect SARS-CoV-2 immunoglobulin (Ig) G
assay, directed against nucleocapsid (anti-N) protein (70), as used for the SCOPI Study of community antibody
prevalence in Ireland (24). An index value of >1.40 Sample/Calibrator (S/C) was considered positive, based on
the manufacturers threshold for seropositivity at the time of testing (62) (63). Samples with an index value of 0.5-
1.39 S/C were referred for additional testing, in line with the manufacturers’ suggested grayzone at the time of
testing (7). All positive and grayzone samples were sent to the National Virus Reference Laboratory (NVRL) for
additional testing with the Wantai SARS-CoV-2 Antibody ELISA distributed by Fortress Diagnostics, which
targets anti-spike (anti-S) antibodies. During the testing process, newly published literature highlighted a
potential decline in detection of antibodies with the Abbott Architect SARS-CoV-2 immunoglobulin (l1g) G assay
after 60 days (38) (71). In response to this, in addition to having implemented additional testing for samples in
Abbott’s updated grayzone to improve assay sensitivity, we decided to also test all samples with the Roche
Elecsys anti-SARS-CoV-2 total antibody immunoassay, also measuring antibodies to nucleocapsid protein (anti-
N), including 1gG, to ensure adequate sensitivity based on evolving understanding of the sensitivity of various
assays over time. A cut-off index (COI) of >1.0 in the Roche Elecsys anti-SARS-CoV-2 assay was considered
positive, based on the manufacturer’s threshold. (64). To prioritise sensitivity, a positive result on any of the
three assays (Abbot, Roche or Wantai) was considered a positive result and qualitatively reported as antibody
detected.

In April 2021, for PRECISE 2, the laboratory methodology was changed slightly in order to reflect the evolving
situation, including the national roll-out of vaccination to all HCW. Following research and cost-assessment, we
used the Roche Elecsys assay to test for both anti-N and anti-S antibodies, to be able to differentiate between

antibody response to natural infection and antibody response to vaccination (64) (72).

The assays used on site in the hospitals (Abbott anti-N IgG assay, Roche anti-N panantibody assay and Roche
anti-S panantibody assay) required validation prior to their use in the study. This process was performed by the
laboratory staff. The Wantai anti-spike assay, performed in the NVRL, was already in use in the NVRL at the

time of commencing the study.

2.5 Data matching and database management

The study data was derived from three sources - the laboratory results, the online questionnaire platform and the
online blood booking system. These three sets of data had to be matched in order to identify participants, link
them to their results via their study MRN, and then further link them to their study questionnaire using initials
and date of birth (DOB). For this step of the data matching, first, duplicate initials and dates of birth
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combinations were excluded, and all others were matched using statistical software. Then those with duplicate
initials and DOB were matched individually. Once one final database had been constructed, we extracted lists of
participants according to their results and whether or not they wished to receive results. These were uploaded into
an online platform to send secure web-based text messages containing results. Those participants whose result
required a phone call were extracted into a separate database.

I organised the data flow (Figure 1) and coded the data for data processing and analysis. The databases were
stored by the data manager onsite in each hospital, under my supervision.

2.6 Statistical analysis

Data management and statistical analysis were performed using Microsoft Excel 2016, Stata version 16 and R

version 4.0.3 statistical software. Details of specific analysis performed are described in the relevant chapters.
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Chapter 3: Seroprevalence of antibodies to SARS-CoV-2 in Hospital Healthcare

Workers, October 2020; a cross-sectional study**
**see copy of published scientific manuscript in Appendix 2

3.1 Introduction

Hospital healthcare workers (HCW) are at increased risk of contracting COVID-19 infection (2) (5). The
community seroprevalence of SARS-CoV-2 antibodies in Ireland was found to be 3.1% in Dublin and 1.8% in
Sligo following the first wave of the pandemic in Ireland (24). The seroprevalence amongst Irish HCW was not
known. Understanding HCW transmission dynamics in the healthcare setting was a priority in controlling the
epidemic at national level. We aimed to determine the seroprevalence of SARS-CoV-2 antibodies in HCW in
Ireland. Two tertiary referral hospitals in Irish cities with diverging community incidence and seroprevalence
were identified as detailed in Chapter 1; COVID-19 had been diagnosed in 10.2% (458/4692) of the staff of St.
James’s Hospital and 1.7% (76/4395) of the staff of University Hospital Galway by the time of the study
(October 2020).

3.2 Methods

All staff of both hospitals (N=9038) were invited to participate in an online questionnaire and blood sampling for
SARS-CoV-2 antibody testing, as described in detail in Chapter 2. Information was collected on demographics,
living arrangements, working role, degree of patient contact, previous close contact with a confirmed case of
COVID-19 (at work or in the community), previous symptoms consistent with COVID-19 infection and past

testing for or confirmed diagnosis of COVID-19 infection.
3.2.1 Laboratory Methods

Participant samples were tested on-site in each hospital, and a subset of samples underwent additional testing in
the NVRL, as detailed in Chapter 2.4. All samples were tested on two serological assays; Abbott IgG antibody
assay (62) and Roche Elecsys panantibody assay (72), both testing for anti-nucleocapsid antibodies. Samples
with results falling in the Abbott manufacturers’ positive or grayzone underwent additional testing in the NVRL
on the Wantai ELISA total antibody assay (65), which detects antibodies to the spike protein. In order to

maximise sensitivity, a detectable antibody on any of the three assays was considered a positive result.
3.2.2 Statistical Methods

Frequencies and percentages were calculated for sociodemographic, epidemiological and clinical characteristics,
including antibody results. Characteristics of those with a positive SARS-CoV-2 antibody result were compared to
those with undetectable antibody, using the chi-square test. Univariate logistic regression was used to calculate

relative risks (RR) along with their 95% confidence intervals to assess the association between detected SARS-
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CoV-2 antibody and characteristics of the study participants. Multivariable regression analysis was conducted to
control for negative and positive confounding and to estimate adjusted relative risks (aRR) for key explanatory
variables identified during the univariate analysis. Relevant variables reporting p-value <0.2 were considered for
inclusion in the multivariable model. Forward stepwise variable selection was used, and the best fitting and most
parsimonious model was selected based on the Akaike information criterion. Post-stratification weighting was
explored to calculate overall seroprevalence and to account for different response rates in different HCW roles
groups. For the sake of parsimony, we report only unweighted results considering that we found no significant
difference from the weighted versus un-weighted seroprevalence. Data management and statistical analysis was

performed using Stata version 16 and R version 4.0.3 statistical software.

3.3 Results

3.3.1 Participation rates and demographics

All staff working in SJH and UHG (9,038 people) were invited to participate in the study. In total 5921 blood
samples were collected representing a 66% (3115/4692) uptake in SJH and a 64% (2806/4395) uptake in UHG.
Of all samples collected, 97% (5788/5921) of samples had a matching questionnaire completed, representing
65% (3042/4692) participation rate for both questionnaire and blood test in SJH and 63% (2745/4395) in UHG.

The socio-demographic characteristics of participants were similar in both hospitals. Seventy-seven percent were
female, median age was 39.5 (IQR 30.4-48.9); 5.1% of participants were >60 years of age; 77% of participants
were white Irish, 10% Asian (13% in SJH, 7% in UHG, p<.001), 9.5% were other white background (majority
born in Poland, USA, and UK) and 2% were of African or any other black background. Eighty-eight percent of
participants had third-level or postgraduate education; 91% of participants lived with others, and 31% lived with
other HCW. The majority (36%) of participants were nursing staff, followed by allied health care staff (19%),
medical/dental staff (17%), administration staff (13%), general support staff (7.5%), health care assistants (HCA)
(5%) and other (2%), broadly reflecting the HCW breakdown of the hospital staff (Table 1a). Participation rates
among staff groupings were similar in both hospitals; nurses and health care assistants were slightly under-
represented at 59% and 39% uptake respectively. In all other groups participation rate was above 60% (for

detailed figures on participation see Table A-D, Annex).
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Table la. Participant characteristics by hospital and total number of participants

Participant characteristics

St James's Hospital

University Hospital

Total (n=5,788)

(N=3,042) Galway (N=2,745)  P-value*
n % n % N %
Age 18-29 728 24 632 23 0.717 1,350 23
groups 30-39 831 27 785 29 1,617 28
40-49 793 26 722 26 1,515 26
50-59 532 18 468 17 1001 17
Over 60 158 5.2 146 5.3 304 5.3
Sex Female 2,326 77 2,152 78 0.117 4,478 77
Male 716 24 592 22 1,308 23
Other - - - - - -
Missing - - 1 0.04 1 0.02
Ethnicity  Irish 2,262 74 2,182 80 <0.001 4,444 77
Any other white 267 8.8 284 10 551 10
background
Any Asian 393 13 184 7 577 10
background
Any African or 65 2.1 48 18 113 2.0
black
background
Other 55 1.8 46 1.7 101 1.8
Missing - - 1 0.04 1 0.02
Country Ireland 2,182 72 2,091 76 <0.001 4,273 74
of birth* United 152 5.0 192 7.0 344 5.9
Kingdom
India 201 6.6 98 3.6 299 5.2
Philippines 166 55 25 0.9 191 3.3
Poland 24 0.8 48 1.8 72 1.2
USA 22 0.7 38 1.4 60 1.0
Other 295 9.7 253 9.2 548 9.5
Missing - - - - - -
Education  Primary 27 0.9 2 0.1 <0.001 29 0.5
Secondary 420 14 264 10 684 12
Third level 1,300 43 1,245 45 2,545 44
Post-graduate 1,295 43 1,232 45 2,527 44
Missing - - 2 0.1 2 0.03
Role Admin 454 15 349 13 <0.001 803 14
Medical/dental 460 15 522 19 982 17
Nursing/ 1045 34 1,019 37 2064 36
midwifery
Allied health 616 20 475 17 1012 19
General support 255 8.4 179 6.5 434 75
Health care 157 5.2 129 4.7 286 4.9
assistant
Other 55 1.8 72 2.6 127 2.2
Missing - - - - - -
Liveswith  Alone 256 8.4 223 8.1 0.020 479 8.3
With others 2,768 91.0 2,518 91.7 5,286 91.3
Missing 18 0.6 4 0.2 22 0.4
Lives with Yes 928 31 839 31 0.983 1,767 31
HCW No 2,060 68 1,859 68 3,919 68
Missing 54 1.8 47 1.7 101 1.8
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* Calculated using the Chi-Square test

Previous exposure, symptoms and testing

In terms of previous exposure, 39% of participants in SJH had previously been a close contact of a confirmed
case of COVID-19 infection, compared to only 19% of those in UHG. In both hospitals, 87% of these reported
close contact events occurred at work. Seventeen percent of participants in SJH reported daily contact with
confirmed cases of COVID-19 as part of their work; this was 14% of participants in UHG. A further 53% of the
participating staff of SJH reported daily contact with patients without suspected or confirmed infection with
COVID-19, compared to 60% in UHG. And 30% in SJH, 26% in UHG had little or no patient contact (Table 1b).

Symptoms consistent with COVID-19 had occurred in 55% of SJH staff and 45% of UHG staff, for a total of
50% of participants experiencing symptoms (in both hospitals) at some stage; 35% of these were minor
symptoms (equal to a cold or less), 9.1% had significant symptoms (comparable to a bad flu, bed-ridden) and

0.4% were hospitalised. These figures were similar in both sites (Table 1b).

In terms of self-reported previous testing, 55% of SJH staff and 40% of UHG staff had previously undergone
PCR testing for infection with COVID-19. In SJH 9.6% of participants reported having previously tested positive
by PCR compared to 2.7% of UHG participants (Table 1b).
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Table 1b. COVID-19 related characteristics by hospital and total number of participants

St James's

University Hospital

- - ; Total
Participant characteristics (|\|1_|:0;[())E)| Galway (N=2,745) P _value* (N=5,788)
n % n % n %
Contact of a Yes 1,185 39 519 19 <0.001 1,704 30
COVID-19 case
No 1,847 61 2,224 81 4,071 70
Missing 10 0.3 2 0.1 12 0.2
Setting of close Contact at work 1,039 88 456 88 0.916 1,495 88
contact Contact outside of 146 12 63 12 209 12
work
Missing - - - - - -
Daily contact with Contact with 510 17 392 14 <0.001 902 16
COVID-19 COVID-19 patients
patients Contact with 1,611 53 1,634 60 3,245 56
patients  without
COVID-19
No patient contact 918 30 717 26 1,635 28
Missing 3 0.1 2 0.1 5 0.1
Previous COVID- No symptoms 1,359 45 1,517 55 <0.001 2,876 50
19 symptoms Had symptoms 1,683 55 1,228 45 2,911 50
Severity No symptoms 1,359 45 1,517 55 <0.001 2,876 54
Only minor 1,105 36 915 33 2,020 35
symptoms
Significant 298 9.8 230 8.4 528 9.1
symptoms
Had symptoms but 270 8.9 70 2.6 340 5.9
their severity is
unknown
Hospitalised 10 0.3 13 0.5 23 0.4
Previous COVID- Yes 1,685 55 1,093 40 <0.001 2,778 48
19 PCR test No 1,353 45 1,650 60 3,003 52
Missing 4 0.1 2 0.1 6 0.1
Previous positive Yes 292 9.6 75 2.7 <0.001 367 6.3
COVID-19 PCR No 2,746 90.3 2,668 97.2 5,414 93.6
test Missing 4 0.1 2 0.1 6 0.1
3.3.2  Overall SARS-CoV-2 seroprevalence by location and working role

In SJH, the overall SARS-CoV-2 seroprevalence was 15% (464/3042). It rose to 21% (108/510) in those who

reported daily contact with known or suspected cases of COVID-19, 17% (269/1611) in those who reported daily
contact with patients without known or suspected COVID-19 infection, and 9.5% (87/918) in those who reported

little or no patient contact (Table 2d, appendix). Seroprevalence by professional subgroup was highest in HCAs
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at 27%, followed by nurses (21%), medical/ dental professionals (14%), general support staff (12%), allied
healthcare professionals (11%) and administrative staff (9.5%), but confidence intervals overlap (Figure 2)
(Table E Annex).

In UHG, the overall seroprevalence was 4.1%. It was 7.1% (28/392) in those who reported daily contact with
known or suspected cases of COVID-19, 4.6% (75/1634) in those who reported daily contact with patients
without known or suspected COVID-19 infection, and 1.3% (9/717) in those who reported little or no patient
contact (Table 2f, appendix). Seroprevalence by professional subgroup was highest in medical/dental staff at 6.9
%, followed closely by HCAs (6.2%) and nurses (4.7%), but confidence intervals overlap (Figure 2) (Table F,

Annex).

The combined data for both hospitals showed that HCAs were significantly more likely to be antibody positive
with 18 % of those participating in the study having detectable antibodies. This was followed by nurses at 13%
and medical/dental staff at 10%. The group with the lowest seroprevalence were the administration staff at 6%
(Table G Annex).

Figure 2. Proportion of staff group with detectable antibodies to SARS-CoV-2, both hospitals, October
2020
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3.3.3 SARS-CoV-2 Seroprevalence by history of previous PCR testing and symptoms

Ninety-five percent of those who reported a previous positive PCR had detectable antibody (350/367, 95.4%).
The majority of those with previous positive PCR (358/367, 97.6%) had been symptomatic at the time of the
positive PCR. There was no statistically significant difference between the proportion of antibody positive
between those who were symptomatic at the time of positive PCR, 95.6% (325/340), and those who were not

symptomatic 92.0% (23/25).

Sixteen percent (90/576) of the participants who had a detectable antibody reported never having had symptoms

consistent with COVID-19 infection at any stage (Table H, annex).

Eight-hundred participants reported that they had experienced symptoms at some stage but had never been tested
by PCR for COVID-19 infection. Forty-three of these participants (43/800, 5%) had a detectable antibody,
meaning that these people possibly continued to work while having symptoms and not seeking a test for COVID-
19. Nine of these participants who had never been tested and had detectable antibody reported significant

COVID-19 like symptoms at some stage.

3.34 Previously Undiagnosed COVID-19 Infection

In total, 576 participants (464 in SJH and 112 in UHG) had detectable antibodies. Of these, 226/576 (39%) had
never been diagnosed with COVID-19 infection. This represented at least 3.9% of the total study population
having a previously undiagnosed infection. The majority of those who had never been diagnosed (141/226
(62%)) had experienced COVID-19 like symptoms at some stage, and 37/141 (26%) of those with symptoms
reported that they had experienced significant symptoms. Despite this, 101/226 of these participants who were
antibody positive but had never been diagnosed had never undergone PCR testing at any stage. The majority of
these undiagnosed infections were in SJH employees (187/226, 83%), and most (169/187, 90%) had worked in
SJH throughout the first wave of the pandemic. Most of the participants with undiagnosed infections reported
daily patient contact in their role (188/226, 83%); 89/226 (40%) were nurses and 33/226 (14%) were doctors.

3.3.5 Relative Risk of Antibody Positivity

Characteristics of those participants who were antibody positive compared with those who were antibody

negative for both hospitals combined are shown in Tables 2. Those of male sex, and those in the 18-29-year age
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group had a higher seroprevalence; 12% of all participating males had detectable antibody versus 9.4% of
females (p=.013), and 13% of all participants aged 18-29 had detectable antibodies (p<.001). Regarding ethnicity
19% of Asian participants and 14% of participants of African or other black background were seropositive,
versus 8.6% of white Irish participants (p<.001). Detectable antibody was found in 18% of HCAs, 13% of
nurses, 10% of doctors, 7.6% of general support staff, 6.7% of allied health professionals and 6.0% of
administration staff (p<.001). Ten percent of those living with others had detectable antibody compared to 5.9%
of those living alone (p=.007), and 13% of those living with other HCW had detectable antibodies compared with
8.5% of those not living with HCW (p<.001). Those with daily exposure to patients with confirmed or suspected
COVID-19 infection had a seropositivity of 15%, compared to 11% in those with daily contact with patients
without confirmed or suspected COVID-19 infection, and 5.9% of those with little or no patient contact (p<.001).
Nineteen percent of those who reported at least one close contact with a confirmed case had detectable antibody,
compared to 6.1% of those who had never had a close contact event (p<.001); 27% of those in whom the contact
was in the community or household had detectable antibody, versus 18% of those in whom the close contact

event was in the workplace (p=.002) (Table 2a and 2b).

The characteristics of those participants who were antibody positive in each hospital are shown in Tables 2¢-2f
(annex). The main differences in these characteristics between the two hospitals were in sex and working role.
There was a strong association with being antibody positive if male in UHG (6.3% of males versus 3.5% of
females seropositive, p<.003), but the difference between seropositivity in males and females in SJH was less
pronounced (Tables 2c and 2e, annex). The differences in breakdown by working role is described above.
Regarding living arrangements, in SJH the association between living arrangements and seropositivity was much
stronger than in UHG; SJH participants living with others had double the seroprevalence than those living alone
(16% versus 8%, p<.004) and 21% of those living with other HCW were antibody positive compared to 13% of
those living with non-HCW, p<.001). The data for UHG shows a similar trend, but with a lower overall

prevalence (Tables 2d and 2f, annex).

On multivariable analysis of the combined hospital data, the adjusted relative risk of detectable antibody was
higher for the following characteristics: working in SJH (aRR 3.7, 95% CI 3.0-4.5. p<.001), being a healthcare
assistant (aRR 2.0, 95% CI 1.4 — 3.0, p 0.001), nurse (aRR 1.6, 95% CI 1.1 — 2.2, p 0.007), daily exposure to
patients with confirmed or suspected COVID-19 infection (aRR 1.6, 95% CI 1.2-2.1, p 0.002), daily contact with
patients not known or suspected to have COVID-19 infection (aRR 1.4, 95% CI 1.1-1.8, p 0.008), age 18-29
(@aRR 1.4, 95% CI 1.1-1.9, p 0.006), living with others (aRR 1.5, 95% CI 1.0-2.1, p 0.048), living with other
HCW (aRR 1.3, 95% CI 1.1 — 1.5, p 0.007), being of Asian background (aRR 1.3, 95% CI 1.0-1.6, p 0.028) and
male sex (aRR 1.2, 95% CI 1.0-1.4, p = 0.046). (Table 3).

On multivariable analysis by hospital, in SJH the aRR of detectable antibody was statistically significant for the
following characteristics: being a HCA (aRR 1.0, 95% CI 1.3-3.0, p=.002), being a nurse (aRR 1.6, 95% CI 1.1-
2.2, p=0.013), living with others (aRR 1.6, 95% CI 1.0-2.4, p=.037), living with other HCW (aRR 1.3, 95% CI
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1.1-1.6, p= 0.003), daily contact with patients with known or suspected COVID-19 infection (aRR 1.4, 95% ClI
1.0-1.9, p=0.036), daily contact with patients without known or suspected COVID-19 infection (aRR 1.3, 95%
Cl 1.0-1.7, p=0.0398), and being aged 18-29 (aRR 1.3, 95% CI 1.0-1.8, p=.029) (Table 3a, annex).

In UHG the aRR of detectable antibody was statistically significant for the following characteristics: age 30-39
(aRR 3.5, 95% CI 1.6-7.6, p=.002), daily contact with patients with known or suspected COVID-19 infection
(aRR 3.1, 95% CI 1.3-6.9, p=0.009) and male sex (aRR 1.9, 95% CI 1.2-3.0, p= 0.005). (Tables 3b, annex).
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Table 2a. Prevalence of SARS-CoV-2 antibodies by participant characteristics, both hospitals

Participant characteristics Total SARS-CoV-2 Ab detected P-value*
N n % (95% CI)
Age groups 18-29 1,350 177 13 (11 -15)
30-39 1,617 168 10(8.9-12) <0.001
40-49 1,515 124 8.2(6.9-9.7)
50-59 1,001 77 7.7 (6.1-9.5)
Over 60 304 30 9.9 (6.8—14)
Sex Female 4,478 422 9.4 (8.6 - 10)
Male 1,308 154 12 (10 - 14) 0.013
Ethnicity Irish 4,444 384 8.6 (7.8 -9.5)
Any other white 551 62 11 (8.7 -14.2) <0.001
background
African and any other 113 16 14 (8.3 - 22)
black background
Asian background 577 107 19 (16 - 22)
Other 101 7 6.9 (2.6 - 15)
Country of birth* Ireland 4,273 373 8.7(7.9-9.6)
United Kingdom 344 32 9.3(6.5-13)
India 299 54 18 (14 - 31)
Philippines 191 47 25 (19 - 31)
Poland 72 10 14 (6.9 -24) <0.001
USA 60 3 5.0(1.0-14)
Other 548 57 10 (8.0 - 13)
Education Primary 29 4 14 (3.9-32)
Secondary 684 61 8.9(6.9-11) 0.055
Third level 2,545 283 11 (9.9-12)
Post-graduate 2,527 228 9.0 (7.9 - 10)
Role Admin 803 48 6.0(4.4-7.9)
Medical/dental 982 102 10 (8.6 - 13)
Nursing/ midwifery 2,064 263 13 (11 -14)
Allied health 1,091 73 6.7 (5.3 -8.3) <0.001
General support 434 33 7.6 (5.3-11)
Health care assistant 286 50 18 (13 -22)
Other 127 7 55(2.2-11)
Lives with Alone 479 28 59(3.9-8.3)
With others 5,286 546 10 (9.5-11) 0.007
Missing 22 2 9.1(1.1-29)
Lives with HCW Yes 1,767 234 13 (12 - 15)
No 3,919 332 8.5(7.6-9.4) <0.001
Missing 101 10 9.9 (4.9-18)

* Calculated using the Chi-Square test
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Table 2b. Prevalence of SARS-CoV-2 antibodies by COVID-19 related characteristics, both hospitals

Participant characteristics Total SARS-CoV-2 Ab detected P-value*
N n % (95%
Cl)
Contact of a COVID-19 Yes 1,704 395 19 (17 - 21)
case <0001
No 249 249 6.1(5.4-6.9) '
Missing 10 2 0.2 (0.2-0.5)
Setting of close contact Contact at work 1,495 269 18 (16 - 20) 0.002
Contact outside of work 209 56 27 (21 - 33) '
Workplace exposure Daily 9ontact with COVID- 902 136 15 (13 - 18)
19 patients
Daily contact with patients <0.001
without COVID 3,245 344 11 (9.6 - 12)
No patients contact 1,635 96 59(4.9-7.1)
Previous COVID-19 like
symptoms No symptoms 2,876 92 3.2(26-3.9) <0001
Had symptoms 2,911 484 17 (15 - 18)
Previous COVID-19 PCR
test Yes 2,778 474 17 (16 - 19) <0.001
No 3,003 102 3.4(28-4.1)
Previous positive COVID- 95.4 (92.7 -
19 PCR test Yes 367 350 97.3) <0.001
No 5,414 226 4.2(3.7-4.7)

* Calculated using the Chi-Square test
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Table 3. Association between risk factors and the presence of SARS-CoV-2 antibodies, both hospitals

Participant characteristics Unadjusted relative risk P-value Adjusted relative P-value
(95% CI) risk (95% CI)
Hospital Galway Ref.
St. James’s 3.7(3.1-4.6) <0.001 3.7(3.0-4.5) <0.001
Age groups 18-29 1.7(1.3-22) <0.001 1.4(1.1-1.9) 0.006
30-39 14(1.1-1.8) 0.022 1.2(0.9-1.5) 0.217
40-49 1.1(0.8-1.4) 0.656 1.0(0.8-1.3) 0.978
50-59 Ref.
Over 60 1.3(0.9-1.9) 0.224 1.4(0.9-2.0) 0.112
Sex Female Ref.
Male 1.3(1.1-15) 0.012 1.2(1.0-14) 0.046
Ethnicity Irish Ref.
Any other white background 1.3(1.0-1.7) 0.041 1.3(1.0-1.6) 0.068
African and other black background 1.6 (1.0-2.7) 0.037 1.3(0.8-2.0) 0.299
Asian background 2.2(1.8-2.6) <0.001 1.3(1.0-1.6) 0.028
Other 0.8 (0.4 -1.7) 0.549 0.6 (0.2-1.3) 0.177
Country of birth Ireland Ref. Did not enter
India 21(16-27) <0.001
Philippines 28(2.2-3.7) <0.001
United Kingdom 1.1(0.8-1.5) 0.717
Poland 1.6 (0.9-2.9) 0.119
USA 0.6 (0.2-1.7) 0.324
Other 1.2(09-1.6) 0.193
Education Primary 1.5 (0.6 -3.8) 0.365 Did not enter
Secondary 1.0(0.8-1.3) 0.933
Third level 1.2(1.0-15) 0.013
Post-graduate Ref.
Role Admin Ref.
Doctor\Dental 1.7(1.3-2.4) 0.001 1.2(0.8-1.7) 0.327
Nursing 21(16-29) <0.001 16(1.1-2.2) 0.007
HCA 29(2.0-42) <0.001 20(1.4-3.0) 0.001
General support 1.3(0.8-2.0) 0.270 0.9(0.6-1.4) 0.687
Allied HCW 1.1(0.8-1.6) 0.531 0.9(0.6-1.3) 0.635
Other 0.9 (0.4 -2.0) 0.837 1.0(0.5-2.1) 0.941
Lives with Alone Ref.
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With others 1.8(1.2-2.6) 0.002 1.5(1.0-21) 0.048
Lives with HCW No Ref.
Yes 1.6 (1.4-1.8) <0.001 1.3(1.1-1.5) 0.007
Contact of a COVID-19 case No Ref. Did not enter
Yes 3.1(2.7-3.6) <0.001
Close contact at work ** No 15(1.2-1.9) 0.002 Did not enter
Yes Ref.
Workplace exposure to No patients contact Ref
COVID-19 patients '
gg{% ([:)ontact with patients without 18 (15-23) <0.001 14 (1.1-18) 0.008
Da[ly contact with COVID-19 26 (2.0—33) <0.001 16(1.2-21) 0.002
patients
Previous COVID-19 like No Ref Did not enter
symptoms
Yes 5.2 (4.2 -6.5) <0.001

**Calculated for close contacts of COVID-19 cases only (n=1,704)
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3.4 Discussion

This was a national SARS-CoV-2 seroprevalence study of HCW in two hospitals in Ireland with diverging
community and healthcare rates of infection. Our findings showed that differing seroprevalence in the two
hospitals reflected the difference in the respective community seroprevalence (24). We found higher SARS-CoV-
2 antibody prevalence in SJH in south inner- city Dublin (15%) than in UHG, Galway (4.1%). We identified risk
factors for antibody positivity: staff members working closely with patients with known or suspected COVID-19
infection and living with others, and in particular living with other HCW, were a risk factor for seropositivity.

Furthermore, HCAs and nurses were at a higher risk.
3.4.1 Overall seroprevalence

Our participants were similar in age and sex to those in other European studies (11) (8) (15). The seroprevalence
between SJH and UHG differed by four-fold, reflecting the difference in seroprevalence in the community in the
two geo-locations in June 2020 (24). The seroprevalence in SJH was similar to that found in an earlier study in
Tallaght University Hospital (26), also in Dublin, suggesting community incidence as the main risk factor for
acquisition of COVID-19 infection in HCW. The seroprevalence in both hospitals fell within the wide range
previously described in other studies (10) (11) (12) (13) (14) (15), and fell either side of the European estimate of
8.5% found by a meta-analysis published in November 2020 (16). The seroprevalence in the hospital setting was
six times the community seroprevalence found in the SCOPI study, performed four months earlier, for both geo-
areas of higher and lower community seroprevalence (24). This difference is unlikely to be due to new infections
acquired during that time frame given the low community incidence during those months. The increased risk was
across all HCW, including those with no direct patient contact. Similar studies have found even bigger
differences between hospital and community seroprevalence; the Greek study found HCW seroprevalence
between 10-22 times higher than the general population (15). It should be noted that this seroprevalence study
was performed during the second wave of the pandemic in Ireland, before the dramatic increase in incidence

associated with the third wave of the pandemic.
3.4.2 Seroprevalence by role and type of patient contact

The higher seroprevalence and higher RR amongst HCAs and nurses reflects the degree of proximity to patients
that is required by the role- a recognised risk factor for disease acquisition (7) (73). In UHG the seroprevalence
was highest amongst doctors. Though this difference was not statistically significant, it may be accounted for, at
least in part, by the fact that many doctors move hospital frequently (at least annually, and some after 3-6
months). It is possible that some of the doctors contributing to this higher seroprevalence had acquired infection
during work in other hospitals in areas of higher incidence prior to moving to UHG. The seroprevalence amongst
nurses in SJH was 21%, which is very similar to the seroprevalence found amongst the nursing staff in the study
conducted in Tallaght University Hospital (26). The seroprevalence and aRR were higher in the high-risk group
in our study (those with daily contact with patients with known or suspected COVID-19 disease), followed by the
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intermediate risk group. Studies have differed on this result; a German study showed a higher seroprevalence
among the intermediate risk group with comparison to the high-risk group, potentially due to less scrupulous
adherence to infection control precautions including use of personal protective equipment (PPE) on the non-
COVID wards (10), and a large Spanish study found no significant correlation between role or direct patient
contact and antibody positivity, though community incidence was higher in their setting (11). It is also likely that
social factors played a role in these different seroprevalences among HCW sub-groups, including socialisation at

work and in the community.
3.4.3 Previous symptoms and testing

In both hospitals, the seroprevalence was higher than the PCR proven diagnoses of COVID-19 infection (15% vs
10.2% in SJH, and 4.1% vs 1.8% in UGH (74)) and higher than the self-reported previous confirmed diagnoses
(15% vs 9.6% in SJH and 4.1% versus 2.7% in UHG). In our study 39% of infections were undiagnosed, and
16% of those with positive antibodies reported that they had not experienced symptoms at any stage. Therefore,
it is likely that these HCW were working during the infectious period, with potential for onwards transmission to
both patients and other staff, as well as to household members. While the proper use of PPE reduces this risk in
the hospital setting, the risk of onwards transmission in the household remains high, as well as in interactions in
the hospital with both patients and staff where PPE and IPC measures are not fully adhered to. This is especially
true for undiagnosed symptomatic infections, which have higher rates of onwards transmission (75). The
majority of these HCW reported symptoms at some stage, though we do not know if the reported symptoms
coincided with the time of the undiagnosed infection. This highlights the importance of early detection and
reinforces the necessity for universal adherence to standard infection control precautions at all times, compliance
with transmission-based precautions and appropriate use of PPE including face masks in the hospital setting(76).
These findings supported the national recommendation in place at the time to undertake asymptomatic HCW
screening on detection of a hospital-acquired case of COVID-19 (77). Considering these findings, regular
screening of asymptomatic HCW beyond this setting may also be considered, particularly in areas or times of
higher community incidence (78) (79), although the impact or the frequency of serial testing required to have a
significant impact on HCW-HCW or HCW-patient transmission, has not been established. (80) (81) (82).

Other studies have also shown that symptomatic individuals were more likely to be antibody positive than
asymptomatic individuals (9). In our study there was no significant difference in the proportion of those who
were antibody positive when comparing those who had previous positive PCR with symptoms and those who had

previous positive PCR without symptoms, although this may be due to small numbers in the asymptomatic

group.

Eight-hundred participants reported that they had experienced symptoms at some stage but had never been tested
by PCR for COVID-19 infection. Forty-three of these participants (5%) had a detectable antibody, which means
that these people possibly continued to work while having symptoms and not seeking a test for COVID-19.

Although this proportion of infections is smaller than that of the asymptomatic infections, it calls for enhanced
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messaging to all HCW about the importance of self-isolating when presenting with any symptoms consistent
with COVID-19 infection and the need to make testing easily accessible to HCW, even when symptoms are mild.
This is likely to remain true after completion of vaccination in HCW who are eligible, as current evidence
suggests that while vaccination leads to decreased severity of infection (83), the degree to which vaccination will
decrease re-infections and onwards transmission is still not clear, hence early case diagnosis will remain

important to stop spread in the hospital setting.

3.4.4 Characteristics of and risk factors for antibody positivity

The main risk factors identified to be statistically significantly associated with antibody positivity (in decreasing
order of RR) were working in SJH versus UHG, being a HCA or nurse, daily contact with patients (especially
those known or suspected to have COVID-19 infection), age 18-29, living with others, in particular living with
other HCW, being of Asian background, and being male. Some of these risk factors have also been identified in
other studies, including the meta-analysis of European studies (16) (73) (84). In our study, the association
between antibody positivity and male sex was only found in the Galway setting. This risk was independent of all
other characteristics included in the study, and therefore is likely to be due to social circumstances that were not
examined. In our setting, many non-Irish HCW live together, which was accounted for in the adjusted risk.
However, it is possible that there are other social factors relating to ethnicity that were not evaluated in our study
and that are contributing to this risk seen amongst those of Asian background, which was true in both settings. To
the best of our knowledge no other study has identified HCAs in particular as being at risk; on multivariable
analysis in our study being a HCA carried the highest adjusted relative risk of antibody positivity, which reflects
the work done by a HCA in our setting, which involves constant close patient contact. This role may differ in

other settings.

In our study, having daily contact with COVID-19 infected patients had a stronger association with being
antibody positive than living with others. These findings are in agreement with the study by Lai Y et al. which
found that contact with patients was responsible for 59% of infections in HCW, colleagues with infection
accounted for 11%, and community acquired infections accounted for 13% of infections in HCW (7). These
findings must be interpreted considering the variation in the intensity of community transmission, and the
varying amount of testing being performed in the two communities. We did find, however, that although most
reported known close contact events occurred in the work setting, those who had a close contact in the
community or household were more likely to be antibody positive than those whose close contact occurred in the
hospital setting, assumably because standard and transmission-based precautions including the use of PPE are not
generally practiced, or practiced consistently, in the household or community setting, and the potentially
ongoing nature of the close contact event in a household. Other seroprevalence studies among HCW have found
some correlation between antibody positivity and size of household (11), and having a household contact (85).To
the best of our knowledge ours is the first hospital based seroprevalence study to identify living with other HCW

as a risk for being SARS-CoV-2 antibody positive. Our findings suggest that a proportion of the HCW
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contracting COVID-19 are doing so in their home environment. This was mainly true of the Dublin setting,
potentially impacted upon by rental prices and consequential overcrowded accommodation. As mentioned above,
the current higher level of community transmission is likely to increase the proportion of infections acquired in

the community or household.

While recent studies have highlighted the protective nature of SARS-CoV-2 antibodies against recurrent
symptomatic infection for at least 6 months (30) , no recommendations can be made on an individual level for
those participants with positive antibodies given the lack of certainty as to when the antibody was acquired, as
well as the fact that even asymptomatic recurrence could lead to onwards transmission in the hospital setting.
Staff in all hospitals should continue to follow all public health guidelines for infection prevention and control

regardless of antibody status.
3.5 Limitations

Our study has several limitations. Firstly, information on COVID-19 symptoms and test results were self-
reported and thus could be biased. Secondly, although the uptake rate of 64% overall is good for an opt-in study,
there may be a selection bias; it is possible that those who chose not to take part did so due to busier workload,
for example, those working on a COVID-19 ward, and therefore with a higher risk of COVID-19 infection. One
of the main reasons for overall good recruitment was the incentive of each participant receiving their individual
result. This too may introduce a selection bias; those who already know that they have had COVID-19 infection
may have been less interested in participating, as well as those who may have already had private antibody
testing done elsewhere, which could lead to an under-estimate in the true seroprevalence. Conversely, those who
had a previously confirmed infection by PCR may have had more interest in participating to see if they had
gained antibodies (and potential immunity). Thirdly, although the communication strategy was an important part
of the recruitment process, the study took part during our second wave of the pandemic, and therefore also relied
heavily on engagement with IT platforms (email, messenger groups, hospital intranet) and less on face-to-face
announcements. The online consent process, questionnaire, and blood test booking system risks exclusion of
those who are less literate in information technology (IT). This was identified as a potential limitation from the
start, and attempts were made to mitigate this selection bias. Multilanguage information and plain English were
used, and groups identified as potentially at risk of exclusion on this basis were targeted directly for inclusion in
the study, with small-group sessions to aid consent and questionnaire completion and walk-in clinics for
phlebotomy. In the fourth instance, in testing on two different platforms, we chose to prioritise sensitivity over
specificity. However, the rate of discordant results was low, and unlikely to have had a significant effect on the
results; there were only 21 samples with a positive result on the Abbott Architect assay that did not have a
positive result on either the Roche Elecsys assay or the Wantai ELISA. In the fifth instance, this population was
surveyed in October, at the start of the second wave of the pandemic in Ireland. A proportion of the HCW
workforce in Ireland is transient, and the staff included in the study may not have worked in the same hospital

during the first wave of the pandemic, though over 90% of participants in each hospital reported that had been
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working in the same hospital during the first wave of the pandemic. And finally, even though the sample size
was large, some covariate partners were small thus rendering further analysis lacking in statistical power and
precision (e.g. interactions terms or further stratified analysis).

3.6 Conclusion and Recommendations

The overall seroprevalence of antibodies to SARS-CoV-2 was 15% in SJH and 4.1% in UHG, reflecting the
difference in community incidence and seroprevalence in each area, and suggesting that the main risk factor for
acquisition of COVID-19 infection in HCW is the local community incidence. The HCW seroprevalence was Six
times the community seroprevalence in each area. Specific risk factors for antibody positivity included being a
HCA or nurse, daily contact with patients (especially those known or suspected to have COVID-19 infection),
age 18-29 years, living with others, in particular living with other HCW, being of Asian background, and being
male. The degree of previously undiagnosed and asymptomatic infections highlights the need for ongoing
universal adherence to infection control guidance including the use of appropriate PPE in the hospital setting, as
well as the importance of early case detection. It is essential that HCW have easy access to testing, even with
mild or no symptoms. As the national COVID-19 vaccination programme is rolled out, we expect that access to
testing for HCW will still be critical. Screening of asymptomatic HCW in the setting of hospital-acquired patient
infection or outbreaks is important and regular screening of asymptomatic HCW needs to be considered

depending on local epidemiology.

This study is a unique comparison between two hospitals in areas of differing community incidence, in which
IPC measures were the same. It is the first study, to the best of our knowledge, to specifically delineate the
relationship between living with other HCW and risk of antibody positivity. This study is paramount in
improving understanding of transmission dynamics and HCW risk factors (demographic, workplace- and
household-related) in hospitals in Ireland. The high proportion of undiagnosed infections underscores the
importance of all interventions to reduce infection in the hospital setting. This bundle should include robust
infection control guidance and adherence to that guidance, with scrupulous attention to standard and
transmission-based precautions including the use of appropriate PPE in the hospital setting, easy access to testing
for HCW and prompt outbreak investigation. This study will be crucial in informing the vaccination strategy and
the roll-out of vaccines to HCW in Ireland. Emerging evidence of reduced transmission of infection by vaccine

recipients (86) endorses prompt vaccination of all HCW.
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Chapter 4: Comparison of three commercially available assays for the detection of

SARS-CoV-2 antibodies in Hospital Healthcare Workers**

**see copy of published scientific manuscript in Appendix 2

4.1 Introduction

SARS-CoV-2 antibodies are an excellent indicator of past COVID-19 infection (27) and their presence therefore
helps determine the proportion of a population that has been previously infected. As the COVID-19 pandemic
progresses, retained sensitivity over time is an important quality in an antibody assay that is to be used for the
purpose of population seroprevalence studies. Decline in SARS-CoV-2 antibody response to natural infection
over time has been described (33) (34), and different antibodies may wane at different rates. Understanding the
duration of antibody response over time is key to understanding the accuracy of epidemiological studies and
informing public health pandemic response measures. Regarding longevity of the antibody response there are
few published data, and results differ on breadth and duration of response; Chapter 1 (section 1.2) describes in
detail the published literature to date comparing the longevity of response of the different commercially available
SARS-CoV-2 antibody assays. The aim of this study was to compare the prevalence of anti- SARS-CoV-2
antibodies in the same HCW population in two different assays targeting the anti-nucleocapsid protein; Abbott
Architect SARS-CoV-2 immunoglobulin (1g)G assay and Roche Elecsys Anti-SARS-CoV-2 immunoassay (62)
(63) (64). We aimed to also compare antibody prevalence for a subset of samples on an assay targeting the anti-
spike protein; the Wantai SARS-CoV-2 Antibody ELISA.

4.2 Methods

4.2.1 Study Design

This was a cross-sectional study of the seroprevalence of circulating antibodies to SARS-CoV-2 in hospital
HCW, performed in October 2020 and described in Chapter 3. All staff members of two hospitals were invited to
participate in an online self-administered consent process and online questionnaire, followed by blood sampling
for SARS-CoV-2 antibody testing. Information collected in the questionnaire included demographic information

and information regarding previous COVID-19 symptoms, testing and diagnosis.
4.2.2 Laboratory Assays

All samples were tested by two assays; the Abbott SARS-CoV-2 measuring 1gG (referred to here as Abbott) and
Roche Elecsys Anti-SARS-CoV-2 measuring total antibodies (referred to here as Roche) (62) (63) (64). The
Abbott SARS-CoV-2 1gG assay (Abbott) is a chemiluminescent microparticle immunoassay that detects 1gG
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antibodies to the nucleocapsid protein of SARS-CoV-2. The Roche Elecsys Anti-SARS-CoV-2 total antibody
assay (Roche) is an electrochemiluminescent immunoassay that detects antibodies (including 1gG), also to the
nucleocapsid protein.

Assay results were interpreted using the manufacturers’ recommended assay specific thresholds. Assay threshold
> 1.4 (sample to calibrator (S/C) index) for Abbott and > 1.0 (Cut-off index (COI)) for Roche were determined to
be reactive and interpreted as antibody positive. The Abbott SARS-CoV-2 IgG grayzone is an additional assay
threshold band for potential positivity, suggested by the manufacturer to increase assay sensitivity (Abbott
Diagnostics Product Information Letter P11060-2020) (63), see Table 4 for interpretation of the Abbott S/C index
within this study. All samples with an Abbott result of positive or grayzone were tested on a third assay in the
National Virus Reference Laboratory (NVRL) using the Wantai SARS-CoV-2 Antibody ELISA (referred to here
as Wantai), distributed by Fortress Diagnostics. Wantai is an Enzyme-Linked Immunosorbent Assay (ELISA) for
qualitative detection of total antibodies (including IgG and IgM) to the spike protein of SARS-CoV-2.

Table 4 Interpretation of the Abbott S/C index

Interpreted result Negative Grayzone Positive
S/C index <0.5 05to<1.4 >1.4

In terms of assay performance, according to the manufacturer’s specifications all three assays perform with high

sensitivity and high specificity, see Table 5. (87).

Table 5 Summary of assay performance according to manufacturer specifications

Sensitivity Specificity
Abbott SARS-CoV-2 IgG 100% (95% Cl; 95.8 - 100) 99.6% (95% CI1 99.0 - 99.9)
Roche Anti-SARS-CoV-2 100% (95% Cl; 88.3 - 100) 99.8% (95% CI1 99.7 - 99.9)
Wantai SARS-CoV-2 Antibody  96.7% (95% CI 83.3 - 99.4) 97.5% (95% Cl1 91.3 - 99.3)

4.2.3 Statistical methods

Assay concordance was assessed using Cohen’s kappa statistic and McNemar's test for difference in proportions.
Cohen's kappa coefficient (k) measures the level of agreement between assays, taking into account the possibility
of the agreement occurring by chance. The « statistic varies from 0 to 1, where 0 = agreement equivalent to
chance, 0.1 — 0.20 = slight agreement, 0.21 — 0.40 = fair agreement, 0.41 — 0.60 = moderate agreement, 0.61 —
0.80 = substantial agreement, 0.81 — 0.99 = near perfect agreement and 1 = perfect agreement. Confidence
intervals (CI) for the proportion of participants that were seropositive were computed. Multivariable logistic
regression was carried out to assess risk factors for the absence of SARS-CoV-2 1gG antibodies controlling for

age, sex, ethnicity/background, type of patient contact, severity of symptoms and number of months since PCR
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positive test. Forward stepwise selection was used, the Akaike information criterion (AIC) was used to evaluate
model efficiency; HCW role was excluded in the final model. We used R version 4.0.3 (R Foundation for

Statistical Computing, Vienna, Austria) and OpenEpi software version 3.01 (Wilson Score) (88).

4.3 Results

COVID-19 serology test results were available for 5,788 participating HCW (comprising 64% of all staff in two
Irish tertiary referral hospitals). The majority of participants were female (77%); median age was 39 years (IQR
30-49). A small proportion (5%) of participants were over 60 years of age. By role, the highest proportion of
participants were nursing staff (36%). Characteristics of participants by serology assay are shown in Appendices
4A and 4B.

4.3.1 SARS-CoV-2 seropositivity in relation to assay type: Abbott and Roche

All 5,788 participants were tested using the Abbott SARS-CoV-2 IgG assay and 99.9% (n=>5,787) were tested
using the Roche Anti-SARS-CoV-2 assay. A considerably lower proportion of participants had a positive
antibody on the Abbott assay (4.2%) compared to the proportion that had a positive antibody on the Roche assay
(9.5%) (Table 6).

Table 6 Serology result by assay

Negative Grayzone Positive Total % Total % Positive
Abbott SARS-CoV-2 5325 221 242 5788 4.2% 5567 4.3%
Roche Anti-SARS- 5240 - 547 5787 9.5% 5787 9.5%

Total, total tested; Total valid, total number tested excluding grayzone test result

Assay concordance was moderate (k - 0.53; 95% CI: 0.48 to 0.57) (Table 7). McNemar's test for difference in
proportions indicated a systematic difference in the proportion of positive results between the two assays
(p<0.001). Twenty-four participants tested positive on Abbott but negative on Roche. Of the 24, three also
tested positive on the Wantai assay, suggesting possible false negative results on Roche for these three
participants. Of these three, one was recently diagnosed with COVID-19 (positive by PCR 16 days prior to
serology testing). Of the remaining 21, all tested negative on Wantai; none had had prior PCR-confirmed SARS-
CoV-2 infection; 11/21 had never been tested and 10/21 had had a negative COVID-19 PCR test at some stage.
Of the 21, nine (43%) reported ever having symptoms of COVID-19 (indicating possible undiagnosed infection),
eight of whom had mild symptoms (similar to a cold or less) and one of whom had significant symptoms (similar

to influenza but not requiring hospital admission). The interval between date of previous symptoms and date of
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serology testing varied; less than one month (n=1), one month (n=1), two months (n=2), three months (n=1), five
months (n=1), six months (n=1), seven months (n=2). Analysis was carried out in order to explore the association
between participant characteristics and discordant results between the Abbott and Roche assays, there was no

significant association observed (data not presented here).

Table 7 Distribution of positive and negative results by serology assay

Abbott SARS-CoV-2 IgG Percentage k statistic (95% CI)
Roche Anti-SARS- Positive Negative or Total agreement
CoV-2 Grayzone
Positive 218 329 547 93.9% K 0.53(0.48 - 0.57)
Negative 24 5216 5240
Total 242 5545 5787

K, Cohen’s xappa

4.3.2 Abbott ‘Grayzone’ results

Four percent of participants (n=221) had results in the Abbott SARS-CoV-2 IgG grayzone. Of those 67%
(n=149) tested positive on the Roche assay. Of those with grayzone results, 42% were previously diagnosed with
COVID-19 (positive by PCR). There were no participant characteristics that were significantly associated with

having grayzone test results.

In order to explore whether the numerical value within the grayzone S/C index range could be used to assist
interpretation of the grayzone, arbitrary cut-offs (low, medium, high) were applied, and these were compared to
the interpreted results on the Roche assay. There was no correlation observed, as a similar proportion of results
within each of the arbitrary cut-offs were positive on the Roche assay (Table 8).
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Table 8. Comparison of Abbott SARS-CoV-2 IgG S/C index and Roche Anti-SARS-CoV?2 interpreted result,
among participants with grayzone results (n=221)

Abbott SARS-CoV-2 Roche Anti-SARS-CoV-2
Grayzone Negative Positive Positivity
Arbitrary cut-off n n %
Low grayzone (S/C 0.5-0.8) 115 39 76 66.1
Medium grayzone (S/C 0.8-1.1) 62 18 44 71.0
High grayzone (S/C 1.1-1.4) 44 15 29 65.9
Total 221 72 149 67.4

SARS-CoV-2 seropositivity in relation to assay type: Roche Anti-SARS-CoV-2 and Wantai SARS-CoV-2

ADb ELISA

In total, 8.4% (n=485) of participants were tested using both the Roche assay and the Wantai assay.

Assay concordance was almost perfect (k - 0.93; 95% CI: 0.88 to 0.97) (Table 9). There was no evidence of

difference in the proportion of positive results between the two assays (p<0.131).

Table 9. Distribution of positive and negative results by assay

Roche Anti-SARS- Wantai SARS-CoV-2 Ab ELISA Percentage k statistic (95%
CoV-2 Positive Negative Total agreement Cl)
Positive 386 3 389 97.7% k- 0.93 (0.88 -
Negative 8 88 96 0.97)
Total 394 91 485

K, Cohen’s xappa
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4.3.3 SARS-CoV-2 seropositivity over time (previously PCR-positive participants)

Three hundred and sixty-seven participants were previously diagnosed COVID-19 positive by PCR. Among
those, 41% (150/367) (95% CI 35-46) tested positive on Abbott and 95% (348/367) (95% CI 92-96) tested
positive on Roche. There were 93 participants who were previously PCR-positive who had a result in the Abbott
grayzone. If the Abbott grayzone was included in positive results, that would increase Abbott positivity to 66%
(243/367).

Two-hundred and fifty-nine (71%) previously PCR-positive participants were tested on Wantai, and all 259 had a
positive result on the Wantai assay. Results for the Wantai assay are excluded from this section as not all

samples were tested on this platform.

The self-reported date of previous positive PCR test was available for 365 (99%) participants. The interval
between date of previous positive PCR test and date of serology test ranged from 12 to 231 days (2-33 weeks; 0-
7 months). Serology test result by number of weeks since positive PCR test (including the breakdown for those
who were symptomatic at the time of PCR testing) is shown in Table 10 and visually represented in Figure 3a, b
and c (visual representation excludes participants with grayzone results). We saw a decline in antibody positivity
on the Abbott assay from week 21 (day 150) onwards. Figure 4 shows the percentage positivity by time (months)
since PCR test, including 95% confidence intervals (CI), showing a decline in antibody positivity on the Abbott
assay in month 4.

The majority had a time-interval of six months between positive PCR test and serology testing (61%; n=222).
There were 210 participants who had a six-month PCR to serology testing interval, and who were symptomatic at
the time of their PCR test; among them positivity was 35% (95% CI 29-41) on Abbott (n=73) and it was 93%
(95% CI 89-96) for Roche (n=196).

Seventeen participants (4.6%) with a previously PCR-confirmed infection had negative serology test on both the
Abbott and Roche assays, and also tested negative on the Wantai assay. Of the 17, one had recent COVID-19
infection (24 days prior) and the remaining 16 had distant infection (positive PCR was five (n=1) or six (n=15)
months prior to serology testing). Characteristics of the 17 participants are shown in Appendix 4C. Among the
17, a lower proportion (88%; n=15) had symptoms at the time of their PCR positive test when compared to the
overall PCR-positive subgroup (98%; n=358). A higher proportion were of white Irish background (94% versus
65% in the overall PCR-positive subgroup). Other characteristics did not differ considerably. Analysis was
carried out in order to explore the association between participant characteristics and negative serology results;

there was no significant association observed (data not presented here).

In order to explore whether the Roche quantitative COI or the Abbott S/C index was close to the positive

threshold for these 17 participants, arbitrary cut-offs (low, medium and high negative) were applied to the results
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of both assays. For the Roche assay, three participants had results that were close to the positive result threshold
(i.e., in the high negative range: COI 0.6-0.9), six had results in the medium negative range (COI 0.3-0.6) and
eight had results in the low negative range (COI 0-0.3). For the Abbott assay, all participants had results in either

the medium negative range (n=3) or the low negative range (n= 14).
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Table 10. Detection of SARS-CoV-2 antibodies by serology assay type with respect to time (number of weeks) since positive PCR test

Previously PCR positive (n=367) Previously PCR positive, and had symptoms at time of PCR test (n=340)
Abbott SARS-CoV-2 IgG Roche Anti-SARS-CoV-2 Abbott SARS-CoV-2 IgG Roche Anti-SARS-CoV-2
N G P T % % N P T % N G P T % % N P T %
N Positive  Positive Positive positive  Positive Positive
weeks (valid (valid
2 0 0 5 5 100 100 1 4 5 80.0 0 0 2 2 100 100 1 1 2 50.0
3 1 0 0 1 0.0 0.0 1 0 1 0.0 1 0 0 1 0.0 0.0 1 0 1 0.0
4 0 1 2 3 66.7 100 1 2 3 66.7 0 1 2 3 66.7 100 1 2 3 66.7
5 0 0 4 4 100 100 0 4 4 100 0 0 4 4 100 100 0 4 4 100
6 0 0 1 1 100 100 0 1 1 100 0 0 1 1 100 100 0 1 1 100
7 0 0 2 2 100 100 0 2 2 100 0 0 2 2 100 100 0 2 2 100
9 0 0 1 1 100 100 0 1 1 100 0 0 1 1 100 100 0 1 1 100
10 0 0 2 2 100 100 0 2 2 100 0 0 2 2 100 100 0 2 2 100
11 0 0 1 1 100 100 0 1 1 100 0 0 0 0 100 100 0 0 0 100
17 0 0 1 1 100 100 0 1 1 100 0 0 1 1 100 100 0 1 1 100
19 0 0 2 2 100 100 0 2 2 100 0 0 2 2 100 100 0 2 2 100
20 0 0 1 1 100 100 0 1 1 100 0 0 1 1 100 100 0 1 1 100
21 0 1 5 6 83.3 100 0 6 6 100 0 1 5 6 83.3 100 0 6 6 100
22 0 4 7 11  63.6 100 0o 11 11 100 0 3 6 9 66.7 100 0 9 9 100
23 3 1 7 11  63.6 70.0 1 10 11 90.9 2 1 7 10 70.0 77.8 0 10 10 100
24 6 5 6 17 353 50.0 0 17 17 100 5 5 5 15 333 50.0 0 15 15 100
25 9 1 12 33 364 57.1 0 33 33 100 9 11 12 32 375 57.1 0 32 32 100
26 7 1 7 24 292 50.0 1 23 24 95.8 7 9 7 23 304 50.0 1 22 23 95.7
27 18 7 23 48 479 56.1 2 46 48 95.8 16 7 21 44 477 56.8 2 42 44 95.5
28 20 9 18 47 383 47.4 2 45 47 95.7 19 8 17 44  38.6 47.2 1 43 44 97.7
29 20 1 24 61 393 54.5 6 55 61 90.2 19 16 24 59 407 55.8 6 53 59 89.8
30 31 1 9 58 155 22.5 4 54 58 93.1 29 18 8 55 145 21.6 4 51 55 92.7
31 8 7 6 21 286 429 0 21 21 100 6 7 6 19 316 50.0 0 19 19 100
32 0 1 2 3 66.7 100 0 3 3 100 0 1 2 3 66.7 100 0 3 3 100
33 1 0 0 1 0.0 0.0 0 1 1 100 1 0 0 1 0.0 0.0 0 1 1 100
Total 124 9 150 367 40.9 54.7 19 348 367 948 | 114 88 138 340 40.6 54.8 17 323 340 95.0

Serology test results = N, number negative; G, number grayzone; P, number positive; T, total tested; % positive valid test excluded grayzone results. Table 7

excludes two participants for which time since positive PCR test was unknown.
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Figure 4A and 4B Percentage % positivity among participants by serology assay with respect to time (number of months) since positive PCR test, among
participants who had previous PCR-confirmed SARS-CoV-2 infection and had symptoms at the time of their PCR test (n=340). Shaded area indicates 95%
confidence interval (Cls). Note: Cls are wide for months 0-4 and month 7 due to a low number of participants at these testing intervals. Figure 4A (Abbott

only), 4B (Roche only)
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4.3.4 Abbott SARS-CoV-2 seronegativity in relation to participant characteristics

The characteristics of participants with previous PCR-confirmed SARS-CoV-2 infection (n=367) and their
serology test results by Abbott SARS-CoV-2 are shown in Appendix 4D and 4E. In total, 45% (n=124) (34%
including those who had grayzone results in the total number tested) of participants with previous PCR-
confirmed SARS-CoV-2 infection did not have detectable antibodies on the Abbott assay. Univariable and
multivariable analysis were carried to out to explore the association between participant characteristics and
negative Abbott test result. Table 8 present the results of the analysis. Factors associated with Abbott
seronegativity in those with a previous PCR-confirmed infection varied by sex (male adjusted OR (aOR) 0.30;
95% CI 0.15-0.60, P <0.001), symptom severity (severe symptoms requiring hospitalisation: aOR 0.19; 95% CI
0.05-0.61, P 0.008), ethnicity (Asian ethnicity: aOR 0.28; 95% CI 0.12-0.60, P 0.001) and time since PCR
diagnosis (increase from five- to six-month interval: aOR 2.06; 95% CI 1.01-4.30, P 0.050).

To broaden the analysis, multivariable logistic regression was repeated including participants that had grayzone
results. The results of this analysis were similar to the results of the initial analysis and are presented in Appendix
4F. Separate analysis was carried out to explore the association between participant characteristics and Abbott

grayzone results; there was no significant association observed (data not presented).
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Table 11. Factors associated with Abbott SARS-CoV-2 seronegativity, among participants with previous PCR-confirmed SARS-CoV-2 infection (n=274 participants with

valid results)

All  Negativ Negative | Unadjusted  95% CI P- Adjuste  95% ClI P-value
(n) e % OR value d OR
Total 274 124 45.3
Age group (in 18-29 79 41 51.9 * *
years) 30-39 79 43 54.4 1.11 0.59-2.07 0.750 0.99 0.46-2.15 0.982
40-49 59 17 28.8 0.38 0.18-0.76  0.007 0.36 0.15-0.82 0.017
50-59 45 19 42.2 0.68 0.32-141 0.301 0.70 0.28-1.71  0.429
60+ 12 4 33.3 0.46 0.12-160 0.238 0.25 0.05-1.04 0.065
Sex Female 201 102 50.7 * *
Male 73 22 30.1 0.42 0.25-0.74 0.003 0.30 0.15-0.60 <0.001
Ethnicity Irish 173 94 54.3 * *
Any other white background 35 12 34.3 0.44 0.20-0.92 0.033 0.49 0.2-1.19 0.118
Any Asian background 56 14 25.0 0.28 0.14-0.54 <0.001 0.28 0.12-0.60 0.001
Any African/black background 7 2 28.6 0.34 0.04-161 0.200 0.47 0.05-3.33  0.449
Other 3 2 66.7 1.68 0.15-36.6 0.067 2.33 0.14-70.6  0.566
Close contact with ~ Yes 155 65 41.9 0.71 0.44-1.15 0.178 0.63 0.34-116 0.137
o rocn nf CONIDL No 117 59 50.4 * *
Main type of No patient contact 46 24 52.2 * *
patient contact® Daily contact non-COVID-19 162 74 45.7 0.77 0.39-149 0.437 0.79 0.34-180 0.577
Daily contact known or 66 26 39.4 0.60 0.27-127 0.182 0.83 0.32-214 0.694
Severity of No symptoms 6 3 50.0 0.82 0.15-4.61 0.816 0.86 0.12-6.29 0.876
symptoms** l\/_Iingr_symptoms 113 62 54.9 * *
Significant symptoms 130 55 42.3 0.60 0.36-1.00 0.051 0.50 0.27-0.92  0.028
Severe symptoms 23 4 17.4 0.17 0.04-0.49 0.003 0.19 0.05-0.61  0.008
HCW Role Administration 18 9 50.0 * not entered
Allied health care 34 19 55.9 1.27 0.40-4.03 0.686
General Support 10 5 50.0 1.00 0.21-4.81 1.00
Healthcare assistant 24 5 20.8 0.26 0.06-0.98 0.053
Medical/Dental 62 29 46.8 0.88 0.30-2.54 0.809
Nursing/Midwifery 124 55 44.4 0.80 0.29-2.17 0.653
Other 2 2 100.0 NA NA NA
Less than one month 7 1 14.3 0.25 0.01-157 0.21 0.11 0.01-0.83 0.061
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Number of months  One month 8 0 0.0 NA NA NA NA NA NA
. o Two months 4 0 0.0 NA NA NA NA NA NA
since PCR positive  — o onths 1 0 0.0 NA NA NA NA NA NA
test™* Four months 10 0 0.0 NA NA NA NA NA NA
Five months 57 23 40.4 * *
Six months 168 91 54.2 1.75 0.95-3.25 0.073 2.06 1.01-4.30  0.050
Seven months 17 9 52.9 1.66 0.57-5.05 0.360 267 074-102 0.139

*reference category
P-value calculated using the chi-square test

**Excludes two unknowns

AParticipants were asked which type of patient contact describes MOST of their current work (excludes five unknowns)
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4.4 Discussion

4.4.1 Seropositivity in relation to assay type: Abbott and Roche

In agreement with recently published data (38), a considerably higher proportion of participants (more than

double) had detectable antibodies on the Roche assay compared to the Abbott assay.

In terms of assay performance, according to the manufacturer’s instructions both assays perform with high
sensitivity and high specificity. Applying the lower bounds of the confidence interval for specificity of the
Abbott assay, a maximum false negative rate of 4.2% (n=15) could be expected, therefore 109 out of 124
negative test results among those previously diagnosed with COVID-19 (positive by PCR) cannot be
explained by expected test performance; it is possible that SARS-CoV-2 IgG was absent among these
individuals. Applying the lower bounds of the of the confidence interval for specificity of the Roche assay, a
maximum false negative rate of 0.3% (n=1) could be expected, therefore 18 out of 19 negative test results
among those previously diagnosed with COVID-19 (SARS-CoV-2 positive by PCR) cannot be explained by
expected test performance. It is possible that some of these individuals did not mount a SARS-CoV-2
antibody response to their infection, however in the published literature the majority of patients have been
shown to develop antibodies following natural infection (31) (89) (90), therefore it is likely that the main
reason for lack of antibodies in this subset of participants was due to waning of antibody response that was
not picked up on testing, particularly on the Abbott assay. Studies have shown that anti-nucleocapsid 19G
antibodies may be less likely to develop than IgM antibodies; Zhao et al showed that at day 15 post infection
100.0% had detected total Ab, 94.3% had IgM compared to only 79.8% having 1gG Ab (5). Peterson et al
and Kaufman et al showed that 1gG antibodies were not detected for between 6.3% and 9% of people in the
first 2 weeks after PCR confirmation of infection (23) (24) and that this proportion rose to 14% by 99-121
days (92).

Lumley at al demonstrated stable anti-spike 1gG antibodies but waning anti-nucleocapsid IgG antibodies
over time among HCW in the United Kingdom healthcare service (39), as did Pelleau et al. (93). This may in
part explain the Abbott IgG assay’s relative performance in detecting past infection, compared to the Roche
total antibody assay; the total antibody approach used in the Roche Elecsys system may result in improved

and sustained sensitivity suitable for population seroprevalence studies.

Twenty-four participants had detectable antibodies on the Abbott assay but not on the Roche assay, of those
three had detectable antibodies on the Wantai assay (one of whom had recent PCR-confirmed infection) and
were presumably false negatives on Roche, possibly reflecting differences in test method and target between
the Wantai and Roche assays. Among the remaining 21 that did not have detectable antibodies on either the
Roche or the Wantai assay there were no participants that had previous PCR-confirmed SARS-CoV-2
infection. While it is possible that these were false positive results, interpretation of positive Abbott results
for these 21 individuals is difficult as clinical significance and the duration of persistence of each type of
SARS-CoV-2 antibody has yet to be fully elucidated.
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4.4.2 Does the Abbott grayzone add anything?

In October 2020, Abbott updated their guidance on their Architect SARS-CoV-2 1gG assay (Abbott
Diagnostics Product Information Letter P11060-2020) to include an optional editable “grayzone” with a S/C
index range of 0.5 — 1.39 which they advise “must be interpreted by the clinician in the context of relevant
clinical and laboratory information on the patient” (63). The grayzone accounts for a large proportion of the
disagreement between the assays. The majority of grayzones were positive by Roche (67%) and Wantai
(70%). However, interpretation of this suggested Abbott grayzone result in a clinical setting would not be
straightforward and confirmatory testing would still be needed. There was no obvious correlation between
increasing or decreasing Abbott grayzone S/C index and the interpreted results from other assays. In an
epidemiological study setting such as this, inclusion of all grayzone results as presumptive positives would
lead to significant overestimation of seroprevalence. Studies such as ours could be used to estimate the
proportion of grayzone results likely to be positive on other testing platforms, however the use of alternative
assays with prolonged sensitivity over time would be superior if the primary purpose is to estimate infection
ever. It is notable that while studies have shown good protection against reinfection over a six month period
following PCR-confirmed COVID-19 infection (30), to the best of our knowledge no studies have yet

compared antibody assays in terms of functional immunity.

4.4.3 Seropositivity in relation to assay type — Roche and Wantai

We found almost perfect agreement between the Roche and Wantai assays. A study comparing eight assays
found these two assays to provide the highest sensitivities at 98 and 95 percent respectively (94). However,
in our study the assay concordance should be interpreted with caution as selection of participants for
additional testing on Wantai ELISA assay was heavily biased; only participants who had a positive or
grayzone Abbott SARS-CoV-2 IgG result were selected for testing by Wantai assay. The small degree of
discordance between these two assays could be due to a number of reasons. Although these two assays both
measure SARS-CoV-2 total antibodies, they are based on different methodology (Roche Elecsys Anti-
SARS-CoV2 Total AB is based on chemiluminescence and targets the nucleocapsid, whereas the Fortress
Wantai Total AB assay is based on ELISA and targets the spike protein). Furthermore, there is a difference
in expected performance of these assays in terms of specificity and sensitivity, according to manufacturer
guidelines (87).

4.4.4 Seropositivity over time (previously PCR-positive participants)

Of the subset of participants who had previous PCR-confirmed COVID-19 infection, the Roche assay
performed better in terms of identifying these participants; 95% tested positive. Only half of these past
infections were accurately identified by the Abbott assay. Harley et al. showed a much higher level of
agreement between these two assays, though on a smaller number of samples than were tested in our study
and at an earlier time point post PCRI-confirmation of infection (95). All previously PCR-positive
participants in our study had detectable antibodies on the Wantai ELISA assay, but this subpopulation

examination and its inherent selection bias limits strong conclusions from this data.
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The majority of participants had a six-month interval between confirmed infection and antibody testing in
our study, which correlated with the time period between the peak of the first wave of the pandemic in
Ireland and the antibody testing in our study. Although pick-up of these was slightly lower on both assays
than the overall pickup of previous infections occurring at any time, the Roche still performed significantly
better than Abbott using the 6-month timeframe, identifying 93% versus 46% of infections that occurred six

months prior.

The decay in seropositivity on Abbott in our cohort started at 21 weeks (150 days) after confirmed infection,
but the small numbers of infection per week prior to this should be noted. This did not change with removal
of participants who had no symptoms at the time of infection (Table 7). A study comparing four different
serological assays, including the Abbott and Roche assays, showed a decline in the performance of the
Abbott assay after 60 days, whereas antibodies were still detected on the Roche assay after 80 days (38). In
contrast, another study of the Abbott assay showed a mean of 137 days to loss of positive antibody (39).
Kumar et al. showed a much shorter duration of antibody detection using the Roche assay after confirmed
SARS-CoV-2 infection in a small cohort of Indian HCW; seropositivity halved by day 30-42 and fell to zero
after 50 days (96). In a large US Study, Kaufman et al. showed a decline in IgG antibodies (including on
Abbott) to 74% by 2 months after confirmed infection (24). Due to the small numbers of infection per week
prior to the 21-week time point in our study, it is possible that this drop-off in Abbott IgG positivity started at
an earlier timepoint that was not picked up in our study. While we demonstrate good performance of Roche
anti-nucleocapsid assay at extended time points, the comparison with other antigenic targets at time points

even more distant from the infection remains obscure.

In a multivariable analysis, the risk of a negative result on the Abbott platform despite previous PCR-
confirmed COVID-19 infection increased with interval between infection and antibody testing. Those who
had moderate or severe symptoms were more likely to have retained 1gG than those who only had mild
symptoms. This was consistent with the findings of other researchers who found that 1gG was better
sustained in persons reporting significant symptoms compared to those who had mild or no symptoms (27)
(28) (29). Participants of male sex and Asian ethnicity were also more likely to have sustained Abbott assay
detected 1gG. Kaufman et al. showed age and male sex to be associated with the probability of persistent 1gG
serology (24), as did a large Cochrane review conducted in April 2020 (99). Furthermore, Lumley at al.
demonstrated that increasing age, Asian ethnicity and prior self-reported symptoms were independently
associated with higher maximum anti-nucleocapsid 1gG levels (39). This is in keeping with our findings on
sex, ethnicity and prior self-reported symptoms, however we did not find any statistically significant
correlation with age. The reason for this sustained IgG response in those of male sex is not yet clear but may
be related to higher viral load, other indices of severity, or other unknown biological factors not included in
this study.

Participants who had a six-month PCR to serology testing interval were twice as likely to be 1gG
seronegative when compared to participants who had a five-month testing interval. Those who had a seven-
month testing were also more likely to be 1gG seronegative when compared to those who had a five-month

testing interval, but results were not significant. Our findings are consistent with the findings of other
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researchers who have demonstrated decline in IgG seropositivity over time, using the Abbott and other IgG
antibody assays (33) (26). Further studies may provide better understanding of seropositivity and

seroreversion over time, relating to specific assays or type of immunoglobulin measured.

We did not have enough participants with very recent infection to assess the ability of each assay to pick up
early infection, however of the eight infections that occurred within four weeks of antibody testing, 8/9 were
correctly identified by the Abbott assay and 6/9 were identified by the Roche assay. Higher numbers would
be needed to compare these assays specifically in the early stages of infection.

Almost 5% of infections were not identified by either platform. The majority were distant infections (>6
months ago), and therefore waning immunity may explain the seronegativity. One was a recent infection
(PCR positive 24 days prior to serological testing) in a participant who had severe symptoms; this infection
may have been too recent to have detectable antibodies on either assay, however four other participants with
only minor symptoms and even more recent infections (PCR positive 12-17 days prior to serology), had
antibodies detected on both Abbott and Roche assays. Overall, less of these participants with previous
confirmed infection and negative serology on both platforms were symptomatic at the time of testing positive
by PCR; other studies have shown those without symptoms to be both less likely to develop antibodies, and
less likely to have persistent antibodies eight weeks post-infection (28). There were no other participant
characteristics that were significantly associated with negative serology, nor were these participants
quantitative results (Abbott S/C, Roche COI index) close to the positive result threshold for either assay.
Both assays performed below their expected sensitivity based on manufacturers’ guidelines, likely due to the
time-interval between infection and antibody testing. This should be considered in serological studies, as
well as when using antibody testing in the setting of clinical care. As the pandemic progresses, further
studies may highlight the sensitivity of different assays with more accuracy in relation to timing of testing.

4.5 Limitations

Our study has several limitations. Firstly, the study was not designed with the primary objective of
comparing the serological assays; two anti-nucleocapsid assays +/- additional testing with an anti-spike assay
were used to maximise sensitivity in detection of SARS-CoV-2 antibodies. Secondly, information on
COVID-19 symptoms and PCR test results were self-reported and thus could be biased. The dates of PCR-
confirmed infection (also self-reported) may be inaccurate, furthermore the PCR cycle threshold (Ct) value
which would have been a valuable addition to this study was not available. Other variables which would
have been valuable to this study but were not available include participant co-morbidities. A small sample
size for the 0-4-month PCR to serology test interval prevented meaningful analysis of seropositivity and

seronegativity at the early stages post infection.

Our study focused on assays that have SARS CoV-2 nucleocapsid as an antigenic target with only a
subpopulation assessed using a spike antibody assay. Given emerging evidence of differences in antibody
decay related to the antigenic target a more complete assessment would have been desirable. Such
approaches including parallel spike and nucleocapsid assessments may become more relevant in the era of

SARS CoV-2 vaccination. In addition, we did not address the neutralising capacity of the antibodies
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measured, therefore conclusions about the functional consequences of the presence of such antibodies are
limited.

4.6 Conclusion and Recommendations

The Roche assay performed significantly better at picking up those who had ever had a confirmed COVID-
19 infection, though both the Roche and Abbott assays were less sensitive than the manufacturers’ stated
guidelines. Our study findings suggest that, of these two assays directed at anti-nucleocapsid antibodies,
Roche is better suited to future population-based serological studies, due to maintained detection of total
antibodies up to at least seven months after natural infection with SARS-CoV-2. While maximum sensitivity
is achieved using multiple testing platforms, this is not always feasible or cost-effective, and the overall
seroprevalence results of our study would have been unchanged if only the Roche assay was used. While we
demonstrate good performance of Roche anti-nucleocapsid assay at extended time points, the comparison
with other antigenic targets at time points even more distant from the infection remains obscure. The anti-
spike assay (Wantai) performed very well on the subset of samples analysed, but further studies are needed
to show if it maintains its sensitivity compared to Roche on an unbiased selection of samples.

The risk of a negative antibody result on the Abbott assay despite previous PCR-confirmed SARS-COV-2
infection increased with increasing interval between infection and time of serological testing; the drop-off
was noted 21 weeks/150 days after confirmed SARS-CoV-2 infection. Those of male sex, Asian ethnicity
and those with moderate to severe symptoms were more likely to retain 1gG on the Abbott assay. Samples
with a S/C index within the Abbott grayzone still require additional testing on an alternative assay, and the
numerical value within the grayzone S/C index range does not predict the result of confirmatory testing.
From our limited numbers of recent infections, it may be possible that the Abbott assay picked up early
infection quicker than the Roche assay, but our numbers were too small to determine this. If further studies
were to confirm this finding, then the Abbott assay may have a clinical role in early infection where serial

PCR fails to diagnose SARS-CoV-2 infection, but clinical suspicion remains high.

Our study adds to the growing literature on serological assays for population-based studies. Further data
comparing antibody assays for the detection of antibodies to SARS-CoV-2 are needed to guide the most
appropriate use of certain assays in any given situation, especially where use of dual or multiple assays is not
feasible or affordable. With the recent introduction of widespread vaccination it is yet to be determined if
measuring antibody response to vaccination is meaningful and cost-effective, and if so which assays are
superior. Further studies are also needed to delineate the relationship between serological response and
functional immunity to SARS-CoV-2 infection, both following vaccination and natural infection, and in
immunocompromised patient cohorts. Assays with prolonged sensitivity are likely to be more valuable as the

pandemic continues.

83



Chapter 5: Seroprevalence of antibodies to SARS-CoV-2 in
Hospital Healthcare Workers, April 2021

**see copy of published scientific manuscript in Appendix 2
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5.1 Introduction

5.1.1 COVID-19 infection in hospital healthcare workers

Healthcare workers continue to higher risk of contracting SARS-CoV-2 viral infection than the general
population (2) (3) (4). Detectable antibody to SARS-CoV-2 remains the best available indicator of past
COVID-19 infection in those who have not been diagnosed with active infection (27). HCW continue to
account for a high proportion of the COVID-19 infections notified in Ireland and antibody seroprevalence
has been shown in our first study (results Chapter 3) to be up to six times as high as the background
community seroprevalence (100) (101) (102). Understanding the transmission and potential immunity
dynamics of SARS-CoV-2 in hospitals in Ireland remains important in mitigating transmission at hospital
level and adds valuable information to the growing evidence base on the transmission patterns of COVID-19

among HCW both nationally and internationally as the pandemic progresses.

5.1.2 Antibody response following infection and vaccination

Natural infection has been shown to produce humoral and cellular immunity and whilst this may decline over
time, durable memory responses are seen; infection-induced immunity has been shown to protect for up to
nine months (30) (103). Although the duration of the detectable antibody response to SARS CoV2 can vary
depending on the antigenic target and method of detection (35) (38), there is emerging evidence of a rich and
sustained memory response in many individuals. Vaccines have been shown to be protective both against
infection and against symptomatic disease (47) (104) (105) (106). Vaccination is also associated with lower
viral loads and decreased duration of oropharyngeal PCR positivity in subsequent infections, which are very
likely to correlate with decreased transmissibility (48). Vaccine-induced immunity produces a more robust
response in the adaptive immune system therefore vaccination is likely to produce a sustained immune
response with immunological memory and sustained protection, including against variants of concern (VoC)
(49) (50). Immunity after natural infection may not protect against re-infection with variants of concern (51),
while vaccine-induced immunity is reduced, but not lost, against variants of concern (52) (107) (53). Robust
B and T cell responses to vaccination have been shown for both mRNA vaccines and viral vector vaccines

(54). Antibody response has been shown to correlate with protective immunity against infection (108).

The spike (S) and nucleocapsid (N) proteins are two of the main immunogens of the coronavirus proteins
(109). Commercial SARS-CoV-2 antibody assays can detect antibodies to these structural proteins. Natural
infection can produce either anti-N antibodies, anti-S antibodies, both anti-N and anti-S antibodies, or neither

antibody. Currently available vaccines against COVID-19 infection produce anti-S antibodies only.

5.1.3 Study sites

The study sites remained the same as for the first cross sectional study (see chapter 1.5). Both hospitals (SJH

and UHG) continued to receive patients with COVID-19 infection throughout the second and third waves of

86



the COVID-19 pandemic in Ireland, and there were no major changes to working structure in either hospital
with comparison to the first wave of the pandemic. Both hospitals continued to operate on a ward-based
system, with isolation of confirmed cases of COVID-19 on designated COVID-19 wards.

By the time of PRECISE 2, the second cross-sectional study in April 2021, the results of PRECISE 1 were
still the most up-to-date and comprehensive data on the SARS-CoV-2 epidemiology at the study sites. In
summary; an overall SARS-CoV-2 seroprevalence of 15% in SJH and 4.1% in UHG (HCW seroprevalence
six times higher than community seroprevalence (24)); almost 40% of infections previously undiagnosed;
16% of infections asymptomatic; higher risk for seropositivity among healthcare assistants, nurses, those
with daily exposure to patients (especially patients with confirmed/suspected COVID-19 infection), those
age 18-29 years, those living with other HCW, and those Asian ethnicity and male sex (102) (110).

5.1.3.1 Study sites - 2021 epidemiology

As previously discussed, the community incidence of COVID-19 infection in County Galway was
significantly lower than in County Dublin during the first and second waves of the pandemic in Ireland (23).
The gap in COVID-19 incidence between Galway and Dublin during the third wave of the COVID-19
pandemic was narrower than during the first two waves; for a 2 week period in late January 2021 the 14-day
incidence for Galway approached that of Dublin (59). At the start of this second seroprevalence study in
April 2021, the incidence was 181/100,000 in Dublin and 83/100,000 in Galway (61). By the start of April
2021 (third wave of the pandemic in Ireland, (111)) the cumulative incidence of PCR-confirmed infections in
HCW in SJH and UHG had risen to 18.5% and 9.2% respectively.

5.1.4 Aims

The purpose of this repeat cross-sectional study (PRECISE 2) was to re-assess the prevalence of anti-SARS-
CoV-2 antibodies in HCW in these two hospitals following the third, and larger, wave of the pandemic in
Ireland, and to relate risk of COVID-19 infection in HCW to demographic, living arrangements and work-

related factors in order to inform ongoing risk reduction activities. We aimed to assess:

1. Changes in overall seroprevalence over a six-month period in these distinct geographical areas.

2. Serological response to COVID-19 vaccination in the vaccinated sub-group.

3. Changes in individual serostatus over time (six-months) for those who participated in PRECISE 1
and PRECISE 2 (see Chapter 6 for results)

5.2 Methods
5.2.1 Study Design and participants

This was a cross-sectional study of the seroprevalence of circulating antibodies to SARS-CoV-2, carried out
from the 19™-28™ April 2021, with longitudinal linking of participants who also took part in the first
serosurvey (PRECISE 1) carried out from the 14™-23 October 2020. All staff members of both hospitals
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(N=9038) were invited to participate in an online self-administered consent process and online questionnaire,
followed by blood sampling for SARS-CoV-2 antibody testing in April 2021, in the same manner as
PRECISE 1 (102). Information collected in the questionnaire was the same as for PRECISE 1, with the
addition of history of COVID-19 vaccination, dates and type of vaccine. Results management was similar,
with all participants having their results communicated to them on an opt-out basis (via text message), with

the availability of virtual review clinics for any participant who wished to discuss their results in more detail.

All vaccinated study participants received their SARS-CoV-2 vaccine as part of a two-dose regimen, of
either the Comirnaty (Pfizer/BioNTech) vaccine, the Vaxzevria (formerly AstraZeneca) vaccine or the
Moderna vaccine. The National Immunisation Advisory Committee (NIAC) stated (April 2021) that
recipients of the Vaxzevria (AstraZeneca) may not have optimal protection until 15 days after the second
dose of vaccine, recipients of the Moderna vaccine may not have optimal protection until 14 days after the
second dose of vaccine, and recipients of the Comirnaty (Pfizer/BioNTech) vaccine may not have optional
protection until 7 days after the second dose of vaccine (112). It’s generally accepted that SARS-CoV-2
vaccine recipients may not have optimal protection until >15 days after the second vaccine dose (106). For
the purposes of this study, a participant was considered fully vaccinated at >14 days after receipt of the
second dose of vaccination, in line with Irish guidelines (35). A participant was considered partially
vaccinated >14 days after receipt of the first dose of vaccination (112,113). A participant was considered to

have started a vaccination course once one dose of vaccine had been received at any stage prior to the study.

5.2.2 Laboratory Methods

All samples were tested using the Roche Elecsys anti-SARS-CoV-2 and the Roche Elecsys anti-SARS-CoV-
2 S immunoassays detecting total antibodies (including 1gG) to the nucleocapsid and spike proteins of the
SARS-CoV-2 virus, respectively (64). Thresholds for positive results were as per manufacturers’ guidelines
(64) (72). Participants with detectable anti-N antibodies were presumed to have had previous natural
infection. Participants with detectable anti-S antibodies, and no reported history of COVID-19 vaccination
were also presumed to have had natural infection. Participants with detectable anti-S antibodies and a history

of COVID-19 vaccination were presumed to have these anti-S antibodies in response to vaccination.

5.2.3 Statistical analysis

Frequencies and percentages were calculated for sociodemographic, epidemiological, and clinical
characteristics. Participants were deemed seropositive (i.e., assumed to have had past infection with SARS-
CoV-2) if they had detectable anti- N antibodies, or if they had detectable anti-S antibodies but had not been
previously vaccinated. Characteristics of those who were seropositive were compared to those who were not
seropositive, using the chi-square test. Univariable logistic regression was used to calculate relative risks
along with their 95% confidence intervals to assess the association between SARS-CoV-2 seropositivity and
characteristics of the study participants. Multivariable regression analysis was conducted to control for
negative and positive confounding and to calculate adjusted relative risks (aRR). No explicit finite
population correction or reweighting was carried out. All analysis was conducted in Stata 15.1 (StataCorp
LCC. 2019. College Station, TX 77845: USA).
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5.3 Results 1 SARS-CoV-2 seroprevalence (past infection)

5.3.1 Participation rates and demographics

All staff working in SJH and UHG (9,038 people) were invited to participate in the study. In total 5,108
(57%) blood samples were collected and of those 99% (n=5,085) had a matching questionnaire
(questionnaires were deemed to be completed if at least 80% of the questions were answered). In SJH, 63%
(2945/4692) of staff participated in both questionnaire and blood sample. In UHG, 49% (2140/4346) of staff

participated in both questionnaire and blood sample.

Age and sex of participants were similar in both hospitals (Table 12a). On combined hospital data, 78% of
participants were female. Median age was 40 years (IQR 30-49); 5.5% of participants were aged 60 or older.
By ethnicity; 75% of participants were white Irish (71% in SJH and 80% in UHG), 12% were Asian (16% in
SJH and 6.0% in UHG), and 2.3% were of African or any other black background (2.3% in SJH and 2.2% in
UHG). Ninety-one percent of participants lived with other people and 31% lived with other HCW. The
highest proportion (37%) of participants were nursing staff, 21% were allied healthcare staff, 14%
medical/dental staff (12% in SJH and 17% in UHG), 13% administration staff, 7.2% general support staff
(8.3% SJH and 5.7% UHG), 5.7% health care assistants (HCA) and 2.1% other healthcare staff.

Participation by staff grouping was similar in both hospitals; allied health staff had the highest response rate
in both hospitals (82% and 67% participation in SJH and UHG respectively) and HCAs had the lowest
response rate in both hospitals (42% and 35% participation in SJH and UHG respectively). Participants
broadly reflected the HCW breakdown of the staff in both hospitals, with allied health staff minimally over-
represented (+5.1%), and HCAs, administration staff, medical/dental staff and nursing/midwifery staff

minimally under-represented (for details on participation by HCW role see Tables 5A-D, Appendix).
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Table 12a Participant characteristics by hospital and total number of participants, PRECISE 2, April 2021

Participant characteristics St James's University P- Total
Hospital Hospital value* (N=5,085)
(N=2,945) (N=2,140)

n % n % N %

Age 18-29 653 22 455 21 0.431 1,108 22
groups 30-39 765 26 565 26 1,330 26
40-49 811 28 603 28 1,414 28

50-59 565 19 386 18 951 19

>60 151 51 131 6.1 282 55

Sex Female 2,278 77 1,681 79 0.309 3,959 78
Male 667 23 459 21 1,126 22

Ethnicity Irish 2,091 71 1,707 80 <0.001 3,798 75
Any other white background 257 87 219 10 476 9.4

Asian background 470 16 129 6.0 599 12

African/other black 69 23 48 2.2 117 2.3

Other 58 2.0 37 1.7 95 1.9

Country of Ireland 2,025 69 1605 75 <0.001 3,630 71
birth United Kingdom 134 46 161 7.5 295 5.8
India 225 76 68 3.2 293 5.8

Philippines 198 6.7 16 0.7 214 4.2

Poland 26 0.9 59 2.8 85 1.7

USA 21 0.7 34 1.6 55 11

Other 316 11 197 9.2 513 10

Education  Primary 20 0.7 2 0.1 <0.001 22 0.4
Secondary 409 14 200 9.3 609 12

Third level 1,280 43 964 45 2,244 44
Post-graduate 1,236 42 974 46 2,210 43

Role Admin 403 14 273 13 <0.001 676 13
Medical/dental 357 12 356 17 713 14

Nursing/ midwifery 1097 37 794 37 1,891 37

Allied health 612 21 432 20 1,044 21

General support 243 8.3 122 5.7 365 7.2

Health care assistant 179 6.1 112 5.2 291 5.7

Other 54 138 51 2.4 105 2.1

Lives with  Alone 270 9.2 194 9.1 0.603 464 9.1
With others 2,667 90. 1943 90.8 4,610 90.7

Missing 8 0.3 3 0.1 11 0.2

Liveswith  Yes 928 32 643 30 0.284 1,571 31
HCW Nc_) _ 1,964 67 1,448 68 3412 67
Missing 53 138 49 2.3 102 2.0

*Calculated using the chi-square test

5.3.2 Previous exposure, symptoms and testing

COVID-19 related characteristics of participants differed by hospital (Table 1b). Overall, 22% of
participating HCW reported that their main type of daily work involved contact with patients with suspected
or confirmed COVID-19 (25% of participants in SJH and 19% of participants in UHG), a further 49%
reported that their main type of daily work involved contact with patients without suspected COVID-19
infection (46% in SJH and 53% in UHG), and 28% had little or no patient contact (29% in SJH and 28% in

90



UHG). Symptoms consistent with COVID-19 had occurred at some stage in 47% of SJH staff and 37% of
UHG staff. Among the 43% of participants (in both hospitals) who had symptoms at some stage; 30% of
these were mild symptoms (equal to a cold or less), 12% were significant symptoms (similar to influenza,
bed-ridden), and 0.9% were severe symptoms (requiring hospitalisation). A higher proportion of participants

in SJH experienced significant symptoms (14%) when compared to UHG (9.4%).

In terms of self-reported previous laboratory-confirmed COVID-19 infection, 18% of participants in SJH and
14% of participants in UHG reported that they had previously tested positive by PCR. Among those who
were previously PCR positive, 21% did not have symptoms at the time of PCR testing (18% in SJH and 26%
in UHG).

Table 12b COVID-19 related characteristics by hospital and total number of participants, PRECISE 2, April
2021

Participant characteristics St James's University P- Total
Hospital Hospital value* (N=5,085)
(N=2,945) (N=2,140)
n% n % N %
Daily contact Contact with 726 25 410 19 <0.001 1136 22
with COVID-19 Contact with 1,362 46 1,138 53 2,500 49
. patients without

patients No patient contact 857 29 592 28 1,449 28

Previous No symptoms 1571 53 1342 63 <0.001 2913 57

COVID-19 Ha}d §ymptoms 1374 47 797 37 2171 43

Missing 0 0.0 1 0.0 1 0.0

Severity of No symptoms 1571 53 1342 63 <0.001 2913 57

symptoms I\/_Illd_ s_ymptoms 932 32 570 27 1502 30

Significant 420 14 201 9.4 621 12

Severe (hospitalised) 21 0.7 26 1.2 47 0.9

Type of symptoms 1 0.0 0 0.0 1 0.0

Missing 0 0.0 1 0.0 1 0.0

Previous No 2427 82 1846 86 <0.001 4273 84

positive Yes 518 18 294 14 812 16
COVID-19 PCR

Symptoms at No 95 18 77 26 <0.001 172 21

time of previous Yes 423 82 217 74 640 79

Severity of No symptoms 95 18 77 26 <0.001 172 21

symptoms at I\/_Illd_ s_ymptoms 162 31 94 32 256 32

] Significant 248 48 103 35 351 43

time of PCR test ~ Severe (hospitalised) 12 2.3 20 6.8 32 3.9

Missing 1 0.2 0 0.0 1 0.1

*Calculated using the chi-square test

5.3.3 SARS-CoV-2 seroprevalence by site
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In SJH, seroprevalence among participants was 21%. Seroprevalence was 27% in those who reported having
daily contact with COVID-19 patients, 22% in those who reported having daily contact with patients without
suspected COVID-19 infection, and 16% in those who had little or no patient contact. In UHG,
seroprevalence among participants was 13%. Seroprevalence was 17% in those who reported having daily
contact with COVID-19 patients, 15% in those who reported having daily contact with patients without

suspected COVID-19 infection, and 6.1% in those who had little or no patient contact.

5.3.4 Seroprevalence by HCW role

By professional subgroup in SJH, seroprevalence was highest among HCAs (39%), followed by
nursing/midwifery staff (26%), general support staff (25%), administrative staff (16%), medical/dental staff
(15%), allied health professionals (15%), and other healthcare staff (7.4%) (other healthcare staff had small
numbers and included those working in education and research, videographers, undefined technicians and
others who did not further define their role). Details of seroprevalence (and 95% Confidence Intervals (ClI))
by sociodemographic characteristics and by COVID-19 characteristics are shown in table 13a and 13b
respectively.

By professional subgroup in UHG, seroprevalence was highest among HCAs (21%), followed by
medical/dental staff (17%), general support staff (17%), nursing/midwifery staff (14%), other healthcare staff
(12%), administrative staff (7.7%), and allied health professionals (6.7%). Details of seroprevalence and
95% Cls by sociodemographic characteristics and by COVID-19 characteristics are shown in table 13c¢ and
13d respectively.

The combined data for both hospitals showed that HCAs were significantly more likely than other
professional groups to be seropositive, with 32% of those participating in the study being seropositive.
Seroprevalence in general support staff was second highest at 22%, followed by nursing/midwifery (21%).
Prevalence of SARS-CoV-2 seropositivity for both hospitals combined, by participant characteristics and by
COVID-19 characteristics are shown in Table 13e and 13f, Annex. The term ‘general support staff” includes
a range of hospital staff roles; by general support role, seroprevalence was highest among catering staff
(28%) and domestic/cleaning staff (22%); a detailed breakdown by hospital is shown in Table 13g,
Appendix.
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Table 13a Prevalence of SARS-CoV-2 seropositivity by participant characteristics, St James’s Hospital,
PRECISE 2, April 2021

Overall
Age groups

(years)

Sex

Ethnicity

Country of
birth

Education

Role

Lives with

Lives with
HCW

Participant characteristics

18-29
30-39
40-49
50-59
Over 60
Female
Male
Irish

Any other white background

Asian background

African or any other black

Other

Ireland

United Kingdom
India
Philippines
Poland

USA

Romania
Nigeria

Other

Primary
Secondary
Third level
Post-graduate
Admin
Medical/dental
Nursing/ midwifery
Allied health
General support
Health care assistant
Other

Alone

With others
Missing

Yes

No

Missing

*Calculated using the Chi-square test
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Total

2945
653
765
811
565
151

2,278
667

2,091
257
470

69
58

2,025
134
225
198

26
21
40
25
251
20
409

1,280

1,236
403
357

1097
612
243
179

54
270
2,667

928
1,964
53

SARS-CoV-2 seropositive

n

623
159
154
157
119
34
471
152
401
56
122
29
15
386
25
60
53

12
18
57

105
301
210
64
55
281
89
60
70

42
578

234
376
13

% (95% Cl)

21 (20 - 23)
24 (21 - 28)
20 (17 - 23)
19 (17 - 22)
21 (18 - 25)
23 (16 - 30)
21 (19 - 22)
23 (20 - 26)
19 (18 - 21)
22 (17 - 27)
26 (22 - 30)
42 (30 - 55)
26 (15 - 39)
19 (17 - 21)
19 (12 - 26)
27 (21 - 33)
27 (21 - 34)
31 (14 - 52)
19 (5.4 - 42)
30 (17 - 47)
72 (51— 88)
23 (18 - 28)
35 (15 - 59)
26 (22 - 30)
24 (21 - 26)
17 (15 - 19)
16 (12 - 20)
15 (12 - 20)
26 (23 - 28)
15 (12 - 18)
25 (19 - 31)
39 (32 - 47)
7.4 (2.1-18)
16 (11 - 20)
22 (20 - 23)
38 (8.5 - 76)
25 (22 - 28)
19 (17 - 21)
25 (14 - 38)

p-
value*

0.184

0.240

<0.001

0.001

<0.001

<0.001

0.019

<.001



Table 13b Prevalence of SARS-CoV-2 seropositivity by COVID-19 related characteristics, St James’s
Hospital, PRECISE 2, April 2021

COVID-19 related characteristics

Daily contact
with COVID-
Previous
COVID-19

Severity of

symptoms

Previous
positive
COVID-19
Symptoms at
time of

previous
Severity of

symptoms at
time of PCR
test

Contact with COVID-19 patients
Contact with patients without COVID-

No patient contact
No symptoms

Had symptoms
Missing

No symptoms

Mild symptoms
Significant symptoms
Severe (hospitalised)
Missing

No

Yes

No
Yes

No symptoms

Mild symptoms
Significant symptoms
Severe (hospitalised)
Missing

*Calculated using the Chi-square test

94

Total

726
1,362
857
1571
1374

1571
932
420

21

2427
518

95
423

95
162
248

12

196
293
134
121
502

121

228

262
12

190
433

51
382

51
143
227

12

% (95% CI)

27 (24 - 30)
22 (19 - 24)
16 (13 - 18)

7.7 (6.4-9.1)
37 (34 - 39)

7.7 (6.4-9.1)
24 (22 - 27)
62 (58 - 67)
57 (34 - 78)

7.8 (6.8 - 9.0)
84 (80 - 87)

54 (43 - 64)
90.3 (87 - 93.0)

54 (43 - 64)
88 (82 - 92.8)
91.5 (87 - 94.7)
100 (74 - 100)

SARS-CoV-2 seropositive

p-value*

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001



Table 13c Prevalence of SARS-CoV-2 seropositivity by participant characteristics, University Hospital
Galway, PRECISE 2, April 2021

Overall
Age groups

(years)

Sex

Ethnicity

Country of
birth

Education

Role

Lives with

Lives with
HCW

Participant characteristics

18-29

30-39

40-49

50-59

Over 60

Female

Male

Irish

Any other white background
Asian background
African or any other black background
Other

Ireland

United Kingdom
India

Poland

USA

Philippines

Nigeria

Romania

Other

Primary

Secondary

Third level
Post-graduate
Admin
Medical/dental
Nursing/ midwifery
Allied health
General support
Health care assistant
Other

Alone

With others
Missing

Yes

No

Missing

*Calculated using the Chi-square test

95

Total

2140
455
565
603
386
131

1,681
459

1,707
219
129

48
37

1605

161
68
59
34
16
10

182

200
964
974
273
356
794
432
122
112
51
194
1,943

643
1448
49

SARS-CoV-2 seropositive

n

275
90
84
51
39
11

198
77

194
38
26
10

181

16
12

e

39

28
133
114

21

61
114

29

21

23

19
256

106
164

% (95% Cl)

13 (11 - 14)
20 (16 - 24)
15 (12 - 18)
8.5 (6.4 - 11)
10 (7.3 - 14)
8.4 (4.3 - 15)
12 (10 - 13)
17 (13 - 21)
11 (10 - 13)
17 (13 - 23)
20 (14 - 28)
21 (10 - 35)
19 (8.0 - 35)
11 (10 - 13)
12 (7.3 - 18)
24 (14 - 35)
20 (11 - 33)
21 (8.7 - 38)
6.3 (0.2 - 30)
10 (0.3 - 45)
60 (14 - 95)
19 (13 - 36)
14 (10 - 20)
14 (12 - 16)
12 (10 - 14)
7.7 (48-12)
17 (13 - 21)
14 (12 - 17)
6.7 (4.5 - 9.5)
17 (11 - 25)
21 (13 - 29)
12 (4.4 - 24)
10 (6.0 - 15)
13 (12 - 15)
16 (14 - 20)
11 (10 - 13)
10 (3.4 - 22)

p-value*

<0.001

0.005

0.002

<0.001

0.485

<0.001

0.180

0.001



Table 13d Prevalence of SARS-CoV-2 seropositivity by COVID-19 characteristics, University Hospital
Galway, PRECISE 2, April 2021

COVID-19 related characteristics Total SARS-CoV-2 seropositive

N n % (95% CI)  p-value*

Daily contact Contact with COVID-19 patients 410 69 17 (13 - 21) <0.001
with COVID-19 Contac.t with patients without COVID- 1,138 170 15 (13- 17)
) No patient contact 592 36 6.1(4.3-8.3)

Previous No symptoms 1342 48 3.6(2.6-4.7) <0.001
COVID-19 Ha}d §ymptoms 797 227 28 (25 - 32)

Missing 1 0 -
Severity of No symptoms 1342 48 3.6(2.6-4.7) <0.001
symptoms |V.|I|d. s.ymptoms 570 107 19 (16 - 22)

Significant symptoms 201 102 51 (48 - 58)

Severe (hospitalised) 26 18 69 (44 - 86)

Missing 0 0 -
Previous No 1846 45 2.4 (1.8-3.2) <0.001
positive Yes 294 230 78 (73 - 83)
Symptomsat  No 77 36  47(35-58)  <0.001
time Yes 217 194 89(85-93.2)
of previous
Severity of No symptoms 77 36 47 (35 - 58) <0.001
symptoms I\/.Iild. s-ymptoms 94 83  88(80-94.0)

] Significant symptoms 103 93 90.3(83-95.2)

attime of PCR  “gevere (hospitalised) 20 18 90.0 (68 - 99.0)
test Missing 0 0 -

*Calculated using the Chi-square test

5.3.5 Asymptomatic SARS-CoV-2 infection

The combined data for both hospitals shows that 19% (169/898) of seropositive participants had
asymptomatic SARS-CoV-2 infection at some stage (i.e., they were seropositive in this study but reported
never having symptoms of COVID-19). Asymptomatic infection by ethnic group was highest among those of
African or other black background (36%), followed by white Irish background (20%), other white
background (19%), Asian (12%), and other background (9.1%), but confidence intervals overlap. The
breakdown was similar by hospital location; breakdown of asymptomatic infection by hospital and HCW
role is shown in Table 13h, Appendix.

Among those who had asymptomatic infection (antibody positive and never had symptoms), 33% (55/169)
had been previously diagnosed positive by PCR, and 67% (114/169) had not. Among these 114 with
previously undiagnosed asymptomatic infection, 73% (83/114) were white Irish, 12% (14/114) were of other
white background, 8.8% (10/114) Asian, 4.4% (5/114) African or other black background, and 1.8% (2/114)

other background.
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5.3.6 Seropositivity by previous diagnosis and symptoms

Sixteen percent (812/5085) of participants reported having had a PCR-confirmed infection with COVID-19
at some stage. Of these, 82% (663/812) were seropositive and 18% (149/812) were seronegative, Table 13f.
This meant that 3.6% (149/4187) of all participants who were seronegative had previously had a PCR-
confirmed infection with COVID-19. Breakdown by hospital is shown in Tables 13b and 13d. The majority
of those reporting a previous confirmed COVID-19 infection were symptomatic at the time of their positive
PCR (640/812; 79%), Table 13f. Seroprevalence among those that were symptomatic (576/640; 90%) was
significantly higher than seroprevalence among those who were asymptomatic at the time of their confirmed
COVID-19 infection (87/172; 51%), (p<.001).

In total, 29% (1480/5085) of participants reported that they had experienced symptoms at some stage but had
never had a positive PCR test. Of these, 121/1480 (8.2%) were seropositive. Thirty-two of these 121
participants who had never been tested by PCR reported significant COVID-19 like symptoms at some stage.

5.3.7 Undiagnosed SARS-CoV-2 infection

In total, 898 participants (623 in SJH and 275 in UHG) were seropositive. Of these, 235/898 (26%) had
never been diagnosed with COVID-19 infection, representing 4.6% (235/5085) of the total study population.
The majority of these undiagnosed infections were SJH employees (190/235; 81%). In SJH, 30% (190/623)
of those who were seropositive had never previously been diagnosed, and in UHG 16% (45/275) of those

who were seropositive had never previously been diagnosed.

Just over half of those with undiagnosed infection (121/235; 51%) had experienced COVID-19 like
symptoms at some stage; of those 74% (89/121) had experienced mild symptoms and 26% (32/121) had
experienced significant symptoms. This proportion of undiagnosed participants who experienced only mild
symptoms (89/121, 74%) was much higher than the proportion of diagnosed participants who experienced
only mild symptoms (226/576; 34%) (Table 5E, Appendix).

By ethnicity, the highest proportion (160/235; 68%) of HCW with undiagnosed infection was white Irish,
14% (33/235) were Asian, 12% (28/235) were of other white background, 3% (6/235) were of African or
other black background, and 3% (8/235) were of other ethnic background. Most participants with
undiagnosed infection reported daily patient contact in their role (192/235; 82%); 36% (84/192) had daily
contact with COVID-19 patients and 46% (108/192) had daily contact with patients without suspected
COVID-19 infection. By professional role, 42% (98/235) of undiagnosed HCW were nurses, 12% (28/235)
were HCAs and 9% (20/235) were in medical/dental roles (of which 18 were doctors). The proportion of
undiagnosed participants that were medical/dental professionals was higher in UHG (18%) than in SJH
(6.3%). Detailed analysis of undiagnosed infection by HCW role and by hospital location is shown in Table
13i, Appendix.

5.3.8 Risk factors for seropositivity
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Characteristics of those participants who were seropositive compared with those who were seronegative for
both hospitals combined are shown in Tables 13e and 13f (Appendix). Those of male sex, and those in the
18-29-year age group had a higher seroprevalence; 20% of all participating males had detectable antibody
versus 17% of females (p=.008), and 22% of all participants aged 18-29 were seropositive (p<.001). By
ethnicity 33% of participants of African or other black background were seropositive, versus 16% of white
Irish participants (p<.001). By country of birth, seroprevalence was highest in participants born in Nigeria
(54%), Romania (33%), and India (26%), but it should be noted that there were a low number (<100) of
participants born in either Nigeria or Romania. Seroprevalence decreased with increasing education level
(from 32% for those with primary level education to 15% of those with post-graduate level education,
p<.001). Seroprevalence was 32% for HCAs, 22% for general support staff, 21% for nurses, 16% for
medical/dental staff, 13% for admin staff, 11% for allied health staff and 10% for other staff (p<.001).
Eighteen percent of those living with others were seropositive, compared to 13% of those living alone
(p=.008), and 22% of those living with other HCW were seropositive compared with 16% of those not living
with HCW (p<.001). Twenty-three percent of those who had daily contact with COVID-19 patients were
seropositive, compared to 19% of those who had daily contact with patients without COVID-19, and 12% of
those who had little or no patient contact (p<.001).

By hospital, seroprevalence was higher in SJH (21%; 95% CI 20-23) when compared to UHG (13%; 95% CI
11-14) (p<.001). The characteristics of participants who were seropositive in each hospital are shown in
Tables 2a-2d. The main differences in seropositivity between the two hospitals were for age, sex, education
and living arrangements. For UHG, younger age groups had higher seropositivity (20% seropositivity among
18-29 year-olds versus 10% seropositivity among 50-59 year-olds, p<.001), but this was not observed for
SJH (Tables 13a and 13c). For UHG there was also higher seroprevalence amongst those of male sex (17%
seropositivity among males versus 12% seropositivity among females, p=.005), but this difference was less
pronounced for SJH. For SJH, seroprevalence decreased with increasing education level (p<.001), but this
was not observed in UHG. The association between being seropositive and living arrangements was stronger
in SJH compared to UHG; in SJH, 22% of participants that were living with other people were seropositive
compared to 16% of participants that were living alone (p=.019). The association between seropositivity and
living with other HCW was strong in both hospitals. The differences in breakdown by professional subgroup

are described above.

On multivariable analysis by hospital, in SJH the aRR of seropositivity was statistically significant for the
following characteristics: being a healthcare assistant (aRR 1.9, 95% CI 1.4-2.6, p<.001), being a nurse (aRR
1.5, 95% CI 1.1-2.0, p=0.008), being of African or other black background (aRR 1.8, 95% CI 1.3-2.4,
p<.001), secondary level education (aRR 1.5, 95% CI 1.2-1.9, p=0.002), and living with other HCW (aRR
1.2,95% CI 1.0-1.4, p=0.011), see Table 14a.

In UHG, the aRR of seropositivity was statistically significant for the following characteristics: daily contact
with COVID-19 patients (aRR 2.1, 95% CI 1.4-3.3, p=0.001), daily contact with patients without suspected
or confirmed COVID-19 (aRR 1.9, 95% CI 1.3-2.9, p=0.001), being aged 18-29 years (aRR 1.7, 95% CI 1.2-
2.4, p=0.004), see Table 14b.
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On multivariable analysis of the combined hospital data, the adjusted relative risk (aRR) of seropositivity
was statistically significant for the following characteristics: working in SJH (aRR 1.5, 95% CI 1.3-1.8,
p<.001), being a healthcare assistant (aRR 1.8, 95% CI 1.3-2.3, p<.001), being of African or other black
background (aRR 1.7, 95% CI 1.3-2.2, p<.001), secondary level education (aRR 1.4, 95% CI 1.1-1.8,
p=0.002), being a nurse (aRR 1.4, 95% CI 1.0-1.8, p=0.022), daily contact with COVID-19 patients (aRR
1.4,95% CI 1.1-1.7, p=0.002), daily contact with patients without suspected or confirmed COVID-19 (aRR
1.3,95% CI 1.1-1.5, p=0.013), being 18-29 years of age (aRR 1.3, 95% CI 1.1-1.6, p=0.002), being male
(aRR 1.2, 95% CI 1.0-1.4, p=0.016), and living with other HCW (aRR 1.2, 95% CI 1.0-1.4, p=0.007), Table
14c.
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Table 14a Association between risk factors and SARS-CoV-2 seropositivity, St James’s Hospital, PRECISE 2, April 2021

Participant characteristics

Age groups (years) 18-29
30-39
40-49
50-59
Over 60
Sex Female
Male
Ethnicity Irish
Any other white background
Asian background
African or other black background
Other
Country of birth Ireland
India
Philippines
United Kingdom
Poland
USA
Romania
Nigeria
Other
Education Primary
Secondary
Third level
Post-graduate
Role Admin
Doctor\Dental
Nursing
HCA
General support
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Unadjusted relative

risk (95% CI)
1.2(0.9-1.4)
1.0(0.8-1.2)
09(0.7-1.1)

Ref.
1.1(0.8-1.5)

Ref.
1.1(0.9-1.3)

Ref.
1.1(0.9-1.5)
1.4(1.1-1.6)
22(1.6-2.9)
1.3(0.9-2.1)

Ref.

1.4 (1.1-1.8)
1.4(1.1-1.8)
1.0(0.7-1.4)
1.6 (0.9-2.9)
1.0(0.4-2.4)
1.6 (1.0-2.5)
3.8(29-4.9)
1.2(0.9-15)
2.1(1.1-3.8)
1.51.2-1.9)
1.4 (1.2-1.6)

Ref.

Ref.
1.0(0.7-1.4)
1.6(1.3-2.1)
25(1.8-3.3)
1.6 (1.1-2.1)

P-value

0.174
0.677
0.437

0.697

0.237

0.312
0.001
<0.001
0.187

0.005
0.007
0.908
0.108
0.999
0.065
<0.001
0.162
0.020
<0.001
<0.001

0.857
<0.001
<0.001

0.006

Adjusted

relative risk
1.2(1.0-15)
1.0(0.8-1.3)
1.0(0.8-1.2)
Ref.
1.0(0.8-15)
Ref.
1.2(1.0-1.4)
Ref.
1.1(0.8-1.4)
1.1(0.9-1.3)
1.8(1.3-2.4)
1.3(0.8-2.0)

1.6 (0.9-2.9)
1.501.2-1.9)
1.2(1.0-1.4)
Ref.
Ref.
0.9 (0.6-1.3)
1.51.1-2.0)
1.9 (1.4-2.6)
1.3(0.9-1.8)

P-value

0.107
0.909
0.887

0.655

0.104

0.516
0.571
<0.001
0.249
not entered

0.115
0.002
0.103

0.673
0.008
<0.001
0.152



Lives with
Lives with HCW

Workplace exposure to COVID-19 patients

Previous COVID-19 like symptoms

Severity of symptoms

Allied HCW

Other

Alone

With others

No

Yes

No patient contact

Daily contact with patients without COVID-19
Daily contact with COVID-19 patients
No

Yes

No symptoms

Mild symptoms

Significant symptoms

Severe symptoms (hospitalisation)
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09(0.7-1.2)
05(0.2-1.2)
Ref.
1.4(1.0-1.9)
Ref.
1.3(1.1-15)
Ref.
1.4(1.1-1.7)
1.7(1.4-21)
Ref.
4.7(3.9-5.7)
Ref.
3.2(26-3.9)
8.1(6.7-9.8)
7.4 (4.9-11.2)

0.559
0.123

0.024

<0.001

0.001
<0.001

<0.001
<0.001

<0.001
<0.001

0.9(0.7-1.3)
0.4 (0.2-1.1)

Ref.
1.2(1.0-1.4)
Ref.
1.2(0.9-1.4)
1.2(1.0-15)

0.754
0.093
not entered

0.011
0.270
0.090

not entered

not entered



Table 14b Association between risk factors and SARS-CoV-2 seropositivity, University Hospital Galway, PRECISE 2, April 2021

Participant characteristics

Age groups (years) 18-29
30-39
40-49
50-59
Over 60
Sex Female
Male
Ethnicity Irish
Any other white background
Asian background
African or other black background
Other
Country of birth Ireland
India
Philippines
United Kingdom
Poland
USA
Romania
Nigeria
Other
Education Primary
Secondary
Third level
Post-graduate
Role Admin
Doctor\Dental
Nursing
HCA
General support
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Unadjusted relative

risk (9594 CIN
2.0 (1.4 - 2.8)

1.5(1.0-21)
0.8(0.6-1.2)
Ref.
0.8(0.4-1.6)
Ref.
1.4(1.1-1.8)
Ref.
15@11-21)
1.8 (1.2 - 2.6)
1.8(1.0-3.2)
1.7 (0.8 - 3.3)
Ref.
2.1(1.3-3.3)
0.6 (0.1-3.7)
1.0 (0.7 - 1.6)
1.8 (1.1-3.0)
1.8 (0.9 - 3.6)
5.3(2.6-11)
0.9(0.1-5.7)
1.7(1.2-2.4)
1.2 (0.8-1.8)
1.2 (0.9-1.5)

Ref.
2.2(1.4-3.6)
1.9(1.2-2.9)
2.7 (1.5 - 4.6)
2.2(1.3-3.9)

P-value

<0.001
0.034
0.380

0.570

0.004

0.009
0.002
0.036
0.142

0.001
0.543
0.841
0.027
0.080
<0.001
0.899
0.001

0.361
0.168

0.001
0.006
<0.001
0.005

Adjusted
relative risk
1.7(1.2-2.4)
1.3(0.9-1.9)
0.8(05-1.2)
Ref.
0.8(0.4-1.5)
Ref.
1.3(1.0-1.7)
Ref.
1.3(1.0-1.7)
1.2 (0.8-1.8)
1.3(0.7-2.4)
1.4 (0.7 -2.8)

Ref.
0.9(0.5-1.5)
1.0 (0.6 - 1.6)
1.5(0.8-2.7)
1.1(0.6-2.1)

P-value

0.004
0.120
0.304

0.501

0.097

0.078
0.333
0.388
0.328
not entered

not entered

0.660
0.901
0.180
0.704



Lives with
Lives with HCW

Workplace exposure to COVID-19 patients

Previous COVID-19 like symptoms

Severity of symptoms

Allied HCW

Other

Alone

With others

No

Yes

No patient contact

Daily contact with patients without COVID-19
Daily contact with COVID-19 patients
No

Yes

No symptoms

Mild symptoms

Significant symptoms

Severe symptoms (hospitalisation)
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0.9 (0.5-1.5)
1.5 (0.6 - 3.6)
Ref.
1.3(0.9-2.1)
Ref.
1.5(1.2-1.8)
Ref.
2.5(1.7-3.5)
2.8(1.9-4.1)
Ref.
8(5.9-10.7)
Ref.
5.2(3.8-7.3)

14.2 (10.4 - 19.3)
19.4 (13.3 - 28.2)

0.622
0.331

0.188

0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

0.6 (0.3 - 1.0)
0.8 (0.3-1.8)

Ref.
1.1(0.9-1.4)
Ref.
1.9(1.3-2.9)
21(1.4-3.3)

0.053
0.533
not entered

0.317
0.001
0.001

not entered

not entered



Table 14c Association between risk factors and SARS-CoV-2 seropositivity, both hospitals, PRECISE 2, April 2021

Participant characteristics

Hospital Galway University Hospital
St James’s Hospital
Age groups (years) 18-29
30-39
40-49
50-59
Over 60
Sex Female
Male
Ethnicity Irish
Any other white background
Asian background
African or other black background
Other
Country of birth Ireland
India
Philippines
United Kingdom
Poland
USA
Romania
Nigeria
Other
Education Primary
Secondary
Third level
Post-graduate
Role Admin
Doctor\Dental
Nursing

104

Unadjusted relative

risk (95% CI)
Ref.

1.6(1.4-1.9)

1.4 (1.1-1.6)

1.1(0.9-1.3)

0.9(0.7-1.1)
Ref.

1.0 (0.7 - 1.3)
Ref.

1.2 (1.1-1.4)
Ref.
1.3(1.0-15)
1.6 (1.3-1.8)
2.1(1.6-2.8)
1.5(1.0-21)
Ref.

1.7 (1.3-2.0)
1.6 (1.3-21)
1.0 (0.7 - 1.3)
1.5(1.0-2.2)
1.3(0.8-2.2)
21(1.4-3.2)
3.5(2.5-4.8)
14(1.1-17)
2.2 (1.2-4.0)
1.5 (1.2 - 1.8)
1.3 (1.2 - 1.5)
Ref.

Ref.
1.3(1.0-1.7)
1.7(1.3-2.1)

P-value

<0.001
0.001
0.427
0.209

0.794

0.007

0.020
<0.001
<0.001
<0.001

<0.001
<0.001
0.749
0.040
0.364
<0.001
<0.001
0.002
0.014
<0.001
<0.001

0.051
<0.001

Adjusted relative

risk (95% CI)

1.5(1.3-1.8)
1.3(1.1-1.6)
1.1(0.9-1.3)
1.0(0.7-1.1)
Ref.
1.0(0.7-1.3)
Ref.
1.2(1.0-1.4)
Ref.
1.2(1.0-1.4)
1.1(0.9-1.3)
1.7(1.3-2.2)
1.3(0.9-1.9)

1.6 (0.9-2.9)
1.4(1.1-1.8)
1.1(1.0-13)
Ref.
Ref.
1.0(0.7-1.4)
1.4(1.0-1.38)

P-value

<0.001
0.002
0.299
0.569

0.948

0.016

0.120
0.206
<0.001
0.145
not entered

0.138
0.002
0.133

0.973
0.022



Lives with
Lives with HCW

Workplace exposure to COVID-19 patients

Previous COVID-19 like symptoms

Severity of symptoms

HCA

General support

Allied HCW

Other

Alone

With others

No

Yes

No patient contact

Daily contact with patients without COVID-19
Daily contact with COVID-19 patients
No

Yes

No symptoms

Mild symptoms

Significant symptoms

Severe symptoms (hospitalisation)
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2.5(2.0-3.3)

1.8 (1.3-2.3)

0.9(0.7-1.2)

0.8(0.4-1.4)
Ref.

1.4(1.1-1.8)
Ref.

1.3(1.2-15)
Ref.

1.6 (1.3-1.9)
2.0 (1.7 -2.4)
Ref.
5.8(4.9-6.8)
Ref.
3.8(3.2-4.6)

10.1 (8.6 - 11.9)
11.0 (8.5 - 14.3)

<0.001

<0.001
0.424
0.381

0.010

<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

1.8 (1.3-2.3)
1.2 (0.9-1.7)
0.8(0.6-1.1)
0.7(0.3-12)

Ref.
1.2(1.0-1.4)
Ref.
1.3(1.1-15)
1.4(.1-17)

<0.001
0.144
0.119
0.134
not entered

0.007
0.013
0.002

not entered

not entered
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5.4 Results 2. Antibody response to vaccination
5.4.1 Antibody response to vaccination

In total, 95% (4854/5085) of participants had received at least one vaccine dose at the time of this study;
14% (724/5085) had received one dose only, 81% (4130/5085) had received two doses, and 4.5% (231/5085)
had not received any vaccine doses. In SJH 78% (2290/2945) were fully vaccinated and 19% (546/2945) had
received 1% dose of vaccination only, for a total of 96% (2836/2945) participants in SJH having started or
completed vaccination. In UHG 86% (1840/2140) were fully vaccinated and 8.3% (178/2140) had received
1%t dose vaccination only, for a total of 94% (2018/2140) of participants in UHG having received at least one
dose of vaccine. The majority of partially vaccinated HCW (680/724) had received Vaxzevria vaccine; roll
out of this vaccine was in February 2021 and therefore these participants were not yet due the second dose
due to the longer dosing interval of 12 weeks. Vaccination uptake by ethnicity was similar, with 142/3661
(3.9%, 95% CI 3.3-4.6)) of White Irish participants being unvaccinated, compared to 30/571 (5.2%, 95% ClI
3.7-7.4) of Asian participants and 7/110 (6.4%, 95% CI 3.1-13) of Black participants. The vaccines received
are shown in Table 15.
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Table 15. COVID-19 vaccination status and vaccine brand received by participants, both hospitals,

April 2021, PRECISE 2

Started or completed vaccination”™

Fully vaccinated*

n/N (%) n/N (%)
Hospital data 4854/5085 (95.5%) 4130/ 5085 (81%0)
combined
Pfizer 4156/5085 (82%) Pfizer 4116/5085 (81%)
Vaxzevria 686/5085 (9.5%) Vaxzevria 6/5085 (0.1%)
Moderna 8/5085 (0.2) Moderna 4/5085 (0.08%)
I don’t know 6/5085 (0.1) I don’t know 2/5085 (0.04%)
SJH 2836/2945 (96.3%) 2290/ 2945 (78%)
Pfizer 2305/ 2945 (78%) Pfizer 2286/ 2945 (78%)
Vaxzevria 526/2945 (18%) Vaxzevria 3/2945 (0.1%)
Moderna 4/2945 (0.1%) Moderna 1/2945 (0.03%)
UHG 2018/2140 (94.3%) 1840/ 2140 (86%)

Pfizer 1849/2140 (86%)

Vaxzevria 161/2140 (7.5%)

Moderna 4/2140 (0.2%)

I don’t know 2/2140 (0.09%)

Pfizer 1830/2140 (86%)

Vaxzevria 3/2140 (0.1%)

Moderna 3/2140 (0.1%)

I don’t know 2/2140 (0.09%)

"defined as anyone who had received a first dose of vaccine at any stage prior to the study

*defined as >14 days after receipt of second dose of vaccine
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All fully vaccinated participants (4130/4130, 100%) had detectable anti-S antibodies. Of those that had
received one dose of vaccine only, 713/724 (98%) had detectable anti-S antibodies. Of the 724 that had
received only one dose of vaccine, 716 of them had received their vaccine >14 days prior to blood sampling
for our study, and 713/716 (99.6%) had detectable anti-S antibodies.

5.4.2 SARS-CoV-2 infection post vaccination

In total, 116 participants reported that they had PCR-confirmed SARS-CoV-2 infection since vaccination; of
those 82/116 (71%) had received one vaccine dose only and 34/116 (29%) had received their second dose;
23/116 (20%) of these were fully vaccinated i.e. had received their second dose > 15 days before their
positive PCR, representing 0.6% (23/4130) of all participants that received two doses and 0.6% (23/4111) of
fully vaccinated participants. There were 93 infections in partially vaccinated participants (received only 1
dose of the vaccine or had received their 2" dose <15 days before their infection) representing 93/724 (13%;
95% CI 11 - 16) of partially vaccinated participants having had a PCR-confirmed infection post vaccination
compared to 23/4111 (0.6%; 95% CI 0.4 - 0.8) of fully vaccinated participants (p-value= <.001 (chi-square)).
All fully and partially vaccinated participants with breakthrough infection had anti-spike antibodies detected,;
21/23 of those fully vaccinated had anti-spike detected at >250u/ml (the other two had antibody levels
133u/ml and 242u/ml respectively) and 88/93 of those partially vaccinated had anti-spike detected at
>250u/ml (range of 81-202u/ml for the other 5/93). Characteristics of the participants with breakthrough
infection are shown in Table 5F, Appendix. The majority (78%) were working in SJH, 65% were female and
by age group the highest proportion (35%) was aged 40-49 years. By ethnicity, just over half (52%) were
white Irish and 35% were Asian. Thirty-nine percent had daily contact with COVID-19 patients, and 57%
lived with other HCW.

Of the 23 breakthrough infections in fully vaccinated participants, all had received the Pfizer vaccine. (It is
noted that this was the most commaonly received vaccine as it was the first vaccine to be rolled out, and also
that the vaccine schedule for the Pfizer vaccine meant that the other vaccines would have less time for
breakthrough cases in fully vaccinated recipients to be observed i.e.. the majority of those that received
Vaxzevria vaccine had not yet received their second dose by the time of the study). The median interval

between first and second vaccine dose was 21 days (as recommended before 18" January 2021).

5.4.3 Antibody response to infection post vaccination

For the 23 participants with breakthrough infection, the median number of days between second vaccine dose
and positive PCR was 30 days (IQR 25-50 days). Five (22%) had symptoms at the time of the positive PCR
and 18 (78%) did not have symptoms. While all 23 participants had detectable anti-S antibodies as expected
post vaccination, notably, only 6/23 (26%, 95%CI: 11-49) had detectable anti-N antibodies in response to
their infection, compared to 663/812 (82%, 95%CI: 79-84, p-value= <.001 (Chi-squared) of all participants
in the study with previous PCR-confirmed infection having detectable anti-N antibodies. For the 17 that were
anti-N negative after their confirmed infection, the median number of days between PCR positivity and

blood sample was 52 days (range 9-67).
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5.5 Results 3. PRECISE 1 and PRECISE 2 comparison

5.5.1 Comparison of participation rates and participant demographics

All staff working in SJH and UHG (9,038 people) were invited to participate in both PRECISE 1 (October
2020) and PRECISE 2 (April 2021). Overall, participation was lower in PRECISE 2 (5,085 participants) than
in PRECISE 1 (5,787 participants) (102). In SJH, 63% (2945/4692) of staff participated in PRECISE 2;
similar to the 65% participation in PRECISE 1, and in UHG, 49% (2140/4346) of staff participated in
PRECISE 2, a considerable decrease on 63% participation in PRECISE 1. The decrease in participation rate
in UHG was similar across professional subgroups. The distribution of participants in PRECISE 1 and 2 was
similar by age group, sex, and education level. By ethnicity, a higher proportion of participants in PRECISE
2 were Asian (12%) when compared to PRECISE 1 (10%). By professional subgroup a higher proportion of
participants were allied healthcare workers (19% in PRECISE 1 versus 21% in PRECISE 2; p=0.035), a
higher proportion were HCAs (5.7% in PRECISE 2 versus 4.9% in PRECISE 1, p=0.790), and a lower
proportion were medical/dental professionals (14% in PRECISE 2 versus 17% in PRECISE 1; p<0.001). A
significantly lower proportion of participants in PRECISE 2 had ever experienced symptoms consistent with
COVID-19 (47% of participants in SJH, and 37% in UHG) when compared to participants in PRECISE 1
(55% of participants in SJH, and 45% in UHG), (p<.001) (102). In terms of self-reported previous
laboratory-confirmed COVID-19 infection, a significantly higher proportion of participants in PRECISE 2
reported having previously tested positive by PCR (18% of participants in SJH, and 14% in UHG), compared
to PRECISE 1 (9.6% of participants in SJH, and 2.7% in UHG) (p<.001). (114).

5.5.2 Comparison of crude seroprevalence

A comparison of crude seroprevalence in PRECISE 1 (October 2020) and in PRECISE 2 (April 2021) by
participant characteristics and by hospital is shown in Table 16. In SJH, the seroprevalence significantly
increased from 15% in PRECISE 1 to 21% in PRECISE 2 (p<.001), and in UHG the seroprevalence
significantly increased from 4.1% in PRECISE 1 to 13% in PRECISE 2 (p<.001). For both hospitals
combined, seroprevalence increased from 10% in PRECISE 1 to 18% in PRECISE 2. For SJH by ethnic
group, the increase in seroprevalence was most pronounced for HCW of African or other black background
(from 23% in PRECISE 1 to 42% in PRECISE 2; p=0.020). Increase in seroprevalence in SJH was also
significant for those of white Irish ethnicity (from 13% to 19%; p<.001) but the increase was not significant
for HCW of Asian ethnicity. By education level in SJH, increase in seroprevalence was highest for HCW
with primary education (from 15% in PRECISE 1 to 35% in PRECISE 2) but this increase was not
significant due to low numbers of participants in this group. The increase was also high for those of
secondary level education, and it was significant (from 13% to 26%; p<.001). By professional subgroup in
SJH, increase in seroprevalence was highest for general support staff (from 12% in PRECISE 1 to 25% in
PRECISE 2; p<.001) and for HCAs (from 27% in PRECISE 1 to 39% in PRECISE 2; p=0.017). For UHG

by ethnic group, the increase in seroprevalence was also most pronounced for HCW of African or other black
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background (from 2.1% in PRECISE 1 to 21% in PRECISE 2; p=0.004). Increase in seroprevalence among
HCW of Asian ethnicity was significant (from 7.1% to 20%; p<.001) as was the increase among those of
White Irish ethnicity (from 3.7% to 11%; p<.001). By professional subgroup in UHG, increase in
seroprevalence was also highest for general support staff (from 1.7% in PRECISE 1 to 17% in PRECISE 2;
p<.001) and for HCAs (from 6.2% in PRECISE 1 to 21% in PRECISE 2; p=0.001). By age group in UHG,
the seroprevalence increased from 4.7% in PRECISE 1 to 20% in PRECISE 2 for younger HCW aged 18-29

years (p<.001), (for SJH a small increase was observed for this age group, but it was not significant).

For both hospitals combined by ethnic group, the increase in seroprevalence was most pronounced for HCW
of African or other black background (from 14% in PRECISE 1 to 33% in PRECISE 2; p=0.001). By
education level, increase in seroprevalence was highest for HCW with primary education (from 14% in
PRECISE 1 to 32% in PRECISE 2) but was not significant due to low numbers in this subgroup (p=0.121).
For those of secondary education the increase was also high (from 8.9% to 22%) and it was significant
(p<0.001). By professional subgroup, increase in seroprevalence was highest for general support staff (from
7.6% in PRECISE 1 to 22% in PRECISE 2; p<.001) and for HCAs (from 18% in PRECISE 1 to 32% in
PRECISE 2; p<.001).
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Table 16 Comparison of SARS-CoV-2 seroprevalence October 2020 and April 2021, by hospital

Participant characteristics St James’s Hospital University Hospital Galway Both hospitals
% % % % % % % % %
Oct-20  Apr- change Oct-20 Apr- change  Oct-20 Apr-21 change

Overall seroprevalence 15 21 6.2 4.1 13 8.8 10 18 7.7
Age groups 18-29 20 24 4.3 4.7 20 15.1 13 22 9.5
(years) 30-39 15 20 5.1 6 15 8.9 10 18 7.9
40-49 13 19 6.4 3.5 8.5 5.0 8.2 15 6.5

50-59 13 21 8.1 15 10 8.6 7.7 17 8.9

Over 60 17 23 55 2.7 8.4 5.7 9.9 16 6.1

Sex Female 15 21 5.7 35 12 8.3 94 17 7.5
Male 16 23 6.8 6.3 17 10.5 12 20 8.3

Ethnicity Irish 13 19 6.2 3.7 11 7.7 8.6 16 7.1
Any other white background 17 22 4.8 6.3 17 111 11 20 8.7

Asian background 24 26 2.0 7.1 20 13.1 19 25 5.7

African or any other black background 23 42 19 2.1 21 18.7 14 33 19

Other 13 26 13 - 19 - 6.9 23 16

Country of birth Ireland 13 19 6.1 3.9 11 7.4 8.7 16 6.9
United Kingdom 16 19 2.7 3.7 12 8.1 9.3 15 5.6

India 23 27 3.7 8.2 24 15.3 18 26 7.9

Philippines 27 27 -0.2 8.0 6.3 -1.8 25 25 0.2

Poland 29 31 1.8 6.3 20 14 14 24 9.5

USA 14 19 5.0 - 21 - 5.0 20 15

Other 16 28 12 4 28 23.5 10 25 15

Education Primary 15 35 20 0.0 0.0 0.0 14 32 18
Secondary 13 26 13 3.0 14 11 8.9 22 13

Third level 18 24 55 4.3 14 9.5 11 19 8.3

Post-graduate 14 17 3.0 4.1 12 7.6 9.0 15 5.7

Role Admin 10 16 5.9 1.2 7.7 6.5 6.0 13 6.6
Medical/dental 14 15 1.4 6.9 17 10.2 10 16 6.3

Nursing/ midwifery 21 26 4.6 4.7 14 9.7 13 21 7.9

112



Lives with
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Alone
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Had symptoms

No
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10
12
27
11
8.2
16
11
21
13
17
21
17
9.5
5.8
23
6.8
94.9

113

15
25
39
7.4
16
22
38
25
19
25
27
22
16
7.7
37
7.8
84

4.5
13
12
-3.6
7.4
5.7
27
4.2
6.0
8.0
6.0
4.5
6.1
1.9
14
1.0
-11

2.5
1.7
6.2
1.4
3.1
4.2

4.9
3.8
2.1
7.1
4.6
1.3
1.3
7.5
1.5
97.3

6.7
17
21
12
10
13

16
11
10
17
15
6.1
3.6
28
24
78

4.2
15.5
14.3
10.4

6.7

9.0

11.6
7.5
8.1
9.7

10.3
4.8
2.3
21
0.9

-19.1

6.7
7.6
18
5.5
5.9
10
9.1
13
8.5
9.9
15
11
5.9
3.2
17
4.2
95.4

11
22
32
9.5
13
18
27
22
16
18
23
19
12
5.8
34
5.5
82

4.6
15
14
4.0
7.2
8.1
18
8.6
7.3
7.7
8.3
7.5
5.8
2.6
17
1.3
-14



114



5.6 Discussion

5.6.1 Participation and demographics

Our participants were similar in age and sex to those in other European studies (11) (8) (15). The participation
rate was lower for PRECISE 2 compared to PRECISE 1 (56% vs 64%). Overall, however, this is still a good
uptake rate for an institutional opt-in study, comparable to other European studies (115) and included
representation from all HCW groups, including the traditionally harder-to-reach groups such as general support
staff and healthcare assistants, who may not engage as frequently with hospital communications platforms.
Importantly, representation was similar across staff roles for PRECISE 1 and PRECISE 2, and overall participant

demographics were similar in both studies, and therefore the data are likely to be comparable.

5.6.2 Overall seroprevalence

The overall seroprevalence of antibodies to SARS-CoV-2 in SJH rose from 15% in October 2020 to 21% in April
2021. The overall seroprevalence of antibodies to SARS-CoV-2 in UHG rose from 4.1% in October 2020 to 13%
in April 2021. The combined overall seroprevalence for the two hospitals increased from 10% in October 2020 to
18% in April 2021. To the best of our knowledge there are no published studies evaluating SARS-CoV-2
seroprevalence in HCW in Europe in 2021.

In terms of the difference in seroprevalence between the two hospitals, we believe this to be related to local
community incidence, to social and demographic factors, and to local work practices. The difference in
seroprevalence between the two sites primarily reflects the difference in community incidence, with a
corresponding higher seroprevalence seen in the staff SJH, in the more densely populated capital city of Dublin,
which has had higher community incidence throughout the pandemic thus far. Other studies have also shown
community incidence to be one of the main factors impacting risk to HCW (116) (117). The rise in
seroprevalence at both sites reflects the magnitude of the third wave of the pandemic at both sites. The relatively
higher increase in seroprevalence in UHG compared to SJH likely reflects the fact that the community incidence
in the Galway area approached that of the Dublin incidence during this third COVID-19 wave (59). A higher
community incidence means that HCW are more likely to be exposed by the nature of their work which involves
direct contact with other people, both patients and other HCW. While this risk disproportionately affected those
with closer patient contact, the risk to HCW was higher than in the community, even for those who reported little
or no patient contact.

The difference in overall seroprevalence was also likely to have been impacted by differences in hospital
infrastructure, work-practices, bed-flow management, and the differing demographic and social factors by HCW

role at each site. Broad work-place practices in both hospitals have been similar throughout the pandemic,
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including ward-based medical teams and universal use of facemasks. There were no issues with personal
protective equipment (PPE) availability in either of the hospitals involved in our study at any stage thus far
during the pandemic, and where staff were re-deployed to improve the hospital’s capacity to deal with the
outbreak, staff were not deployed to areas that would have been outside of their scope of practice, and all staff
had training on the correct use of PPE. Both hospitals experienced multiple outbreaks during the 3" wave of the
pandemic, however the absence of real time genomic sequencing precludes identifying the role of hospital
outbreaks in influencing the overall seroprevalence. It is also difficult to identify the contribution of the
workplace versus the community/ household/ social factors to the attributable risk to HCW. It is likely that many
of these transmissions took place in the household, where higher attack rates are seen (118). It is also unclear as
to the timing of arrival of different VOCs to each location, and the potential impact of this on changes in overall

seroprevalence.

The overall seroprevalence was higher than the European average of 8.5% in a recently published meta-analysis
(16), however this meta-analysis only took into account studies published up until August 2020. Individual
studies across Europe in the first year of the pandemic showed a wide range of SARS-CoV-2 seroprevalence
among HCW (1-45%) (11) (15) (10) (12) (13) (14). A recently published large study in Italian HCW showed a
seroprevalence of 12%, however the serological testing was conducted in April and May 2020 (115). Assumably
the seroprevalence amongst HCW has risen across the rest of Europe since then, as our study shows it has in

Ireland, however there are no published data for comparison.

Our study compared seroprevalence among the same HCW group at two points in time six months apart. A
German study evaluated seroprevalence at 3 points in time, all in 2020, and found low seroprevalence among
HCW at all three points in time (119). A Japanese study found much lower seroprevalence rates both before and

after their second wave of the pandemic (<1% at both points in time, also both in 2020) (120).
5.6.3 Seroprevalence by role and type of patient contact

Daily contact with patients with known/suspected COVID-19 infection was associated with higher
seroprevalence, followed by daily contact with patients without known or suspected COVID-19 infection.
Having little or no patient contact carried the lowest seroprevalence. This repeated the findings of PRECISE 1
and has also been shown by other studies (121) (122) (123). In terms of working role, being a nurse or a HCA
carried a higher aRR, likely also reflecting the close patient contact involved in performing these roles. The
highest seroprevalence was seen amongst HCAs; this was also a key finding of PRECISE 1, and this
seroprevalence almost doubled over the six months between PRECISE 1 and 2. This finding has also been shown

in other large European studies (115).

The seroprevalence among general support staff (which includes domestic and catering staff, maintenance,

security and porters) trebled from PRECISE 1 to PRECISE 2, giving them the second highest seroprevalence of
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any working role in PRECISE 2. This increase was in both locations and was across all groups in this category
(Table 2f, Annex). This was possibly related to outbreaks amongst these staff groups, though it was not clear
whether these outbreaks were related to the workplace or not. There may be improper compliance with use of
PPE, and fatigue with ICP as the pandemic has progressed. There are likely to also be other social factors

involved that our study was not designed to assess.

The seroprevalence amongst medical staff showed one of the largest increases in UHG (from 6.9% to 17%)
(Table 5). This may be related to social practices; many doctors working in UHG are not from Galway, and live
and socialise together (in UHG 53% of doctors reported living with other HCW compared to 43% in SJH). In
SJH, the smallest relative increase between PRECISE 1 and PRECISE 2 (from 14% to 15%) was amongst the
medical staff. This resulted in medical staff having the joint-lowest seroprevalence of any role group in SJH by
April 2021. Although the overall uptake among medical staff was similar to PRECISE 1, including of those who
were seropositive in PRECISE 1, it is possible that medical staff who knew they had already had COVID-19
infection were less interested in participating in the study and availing of serology testing. Other studies have
shown that medical staff are more likely to get vaccinated promptly against other infectious diseases (124),
including influenza; occupational health data from SJH in 2019 showed that 60% of doctors received the
influenza vaccine compared to 23% of nursing staff. In our study, 93% of doctors had completed vaccination and
99% (684/692) had started vaccination, compared to only 81% of all staff having completed vaccination by the
time of the study. This may indicate that doctors sought vaccination quicker than other role groups after its roll-
out but does not explain the difference between the two hospitals. Overall this data shows that medical staff in

SJH were less likely to be infected, and more likely to be diagnosed when they did get infected.

5.6.4 Previous symptoms and testing

Only 82% of participants with previous PCR-confirmed infection had detectable antibodies, compared to 95% of
PRECISE 1 participants. This may be related to antibody waning over time for those in whom the reported
infection occurred in the first wave of the pandemic. There may also be participants who were vaccinated, and
therefore the anti-S antibody detected in PRECISE 2, assumed to be due to vaccination, may have been present
before vaccination in response to previous infection. The longitudinal analysis of those participants common to

PRECISE 1 and 2 contains more detail on loss of antibody in those who were seropositive in PRECISE 1.

Nineteen percent of participants with detectable antibodies reported never having experienced symptoms that
were consistent with infection with COVID-19, compared to 16% in PRECISE 1. This falls within the broad
range reported by other studies (125). Those who had a symptomatic infection had a higher rate of antibody
positivity than those who had an asymptomatic infection (90% versus 51%). This is also in keeping with other
published data (126).
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Over a quarter of participants reported having COVID-19 like symptoms at some stage but never having a
positive PCR. This highlights the potential overlap in symptoms with other circulating viruses, including
rhinoviruses which were circulating widely over the winter of 2020/21 in Ireland, and is a reminder of the
impossibility of clinically excluding COVID-19 infection in HCW with symptoms, including in those with only
mild symptoms, especially over the winter period. It also highlights the complexity involved in developing case

definitions and testing guidelines.
5.6.5 Undiagnosed infections

In both hospitals, the seroprevalence was higher than the known PCR-confirmed diagnoses of COVID-19
infection of the same timeframe (21% vs 18% in SJH, and 13% vs 9.2% in UHG) though this gap was narrower
than for PRECISE 1, assumably due to increased awareness and testing. Twenty-six percent of the infections in
our study were undiagnosed, with 4.6% of all participants having had an undiagnosed infection. Almost half of
these undiagnosed infections were asymptomatic (which was significantly higher than the rate of asymptomatic
infections in those who had diagnosed COVID-19 infection). This proportion of undiagnosed infection has
decreased from 39% in PRECISE 1, however still a quarter of infections had been undiagnosed despite both
hospitals having onsite PCR testing available to HCW with symptoms or close contact with a confirmed case of
COVID-19 from mid-March 2020. Although the majority of these infections were associated with only mild
symptoms, it is still possible that these undiagnosed HCW were working during the infectious period, with
potential for onwards transmission to patients and other staff members if proper use of PPE and other infection
prevention and control (IPC) measures were not strictly adhered to. Easy access to testing, early detection of
infection, and ongoing adherence to standard infection control precautions at all times, as well as the appropriate
use of PPE including face masks in the hospital setting, irrespective of symptoms remain important (76). This
finding also supports the recommendation for screening of asymptomatic staff, including vaccinated staff when a
patient case of hospital-acquired infection, or hospital outbreak of infection with COVID-19 occurs. The exact
role and methodology of routine asymptomatic screening, either widespread or in certain HCW, remains to be
defined.

5.6.6 Risk factors for antibody positivity

The main risk factors identified to be statistically significantly associated with antibody positivity (in decreasing
order of aRR) were being a HCA, being of Black ethnicity, working in SJH, having secondary level education as
opposed to post-graduate level education, being a nurse, having daily contact with patients (especially those
known or suspected to have COVID-19 infection), being age 18-29, living with other HCW and being male.
When broken down by hospital, the main risk factors identified to be significantly associated with SARS-CoV-2
antibody positivity differed. Seroprevalence by age and sex were similar to previously published literature, and
similar to the findings of PRECISE 1 (102) (110) (16). Similar findings of increased risk direct patient contact,
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the role of HCA, and working with patients with COVID-19 infection have also been reported in the literature
(15) (16) (73) (7).

Apart from the changes in seroprevalence by role discussed above, there were two main new findings on
multivariate analysis from PRECISE 2 in comparison to PRECISE 1. Firstly, level of education emerged as an
independent risk factor for seropositivity, with lower level of education being associated with higher
seropositivity. Lower socio-economic status has been previously noted to correlate with increased risk of
COVID-19 infection, and increased risk of poor clinical outcomes (127) (128). It is also associated with HCW
role.

The second notable new finding was a change in the seropositivity by ethnic group; the seroprevalence amongst
those of Black ethnicity trebled (from 14% (16/113) to 43% (39/117), for an aRR of 1.7 (95% CI 1.3-2.2,
p<.001). They were also more likely to be asymptomatic, but not more likely to have an undiagnosed infection.
The seroprevalence amongst those of Romanian nationality was also high for both hospitals combined, though
numbers were small. Those of Asian ethnicity had a higher risk of seropositivity in PRECISE 1, but this finding
was no longer significant in PRECISE 2. Both of these ethnic groups, as well as other minority ethnic groups
which were likely under-represented in our study, have been shown to have increased risk in other studies (16)
(129) (84) (130). There are likely to be social factors contributing to these ethnicity-related findings in both
hospitals that our study did not measure.

Living with other HCW carried an increased risk for seropositivity, similar to our previous findings. This
supports the theory that a proportion of the HCW contracting COVID-19 are doing so in their home environment.
This finding was stronger in SJH than in UHG, where the community incidence was higher and the density of
shared living space is also likely to be higher due to smaller spaces and more expensive accommodation in the
capital city. Other studies have found correlation between size of household and antibody positivity (11) as well
as higher risk of COVID-19 with a known household contact (85). To the best of our knowledge ours is the first
study to comment on a significant risk of antibody positivity in HCW living with other HCW. This finding was
common to both PRECISE 1 and 2.

5.6.7 Antibody response to vaccination

Most participants were either fully or partially vaccinated. All fully vaccinated participants, and the majority of
partially vaccinated participants, had detectable anti-S antibodies. Other studies have also shown high rates of
seropositivity after both first and second dose vaccination (113) (131) (132) .

There were less infections in those fully vaccinated than in those partially vaccinated (13% versus 0.6% of
participants reported infection post first and second vaccine respectively), despite the fact that almost all of these
participants had detectable antibodies. The 23 breakthrough infections, in 0.6% of the fully vaccinated study

population, are in keeping with the rate of breakthrough infections experienced internationally (133). These
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breakthrough infections serve as a reminder that vaccination does not prevent infection acquisition, even in the
setting of confirmed serological response to vaccination. One study showed that a quarter of vaccinated
individuals living with an infected individual acquired COVID-19 infection (134). Most of those with
breakthrough infections had no symptoms, in keeping with the literature on vaccine effectiveness in reduction of
severe symptoms and hospitalisation (50) (135) however the numbers are too small for any statistical comparison
with symptoms in those who were unvaccinated. While some studies show that vaccinated individuals are less
likely to onwards transmit COVID-19 once infected (136), this reduction in transmission depends on the variant
(137) it would be prudent for all IPC measures to remain in place in the hospital setting, including for vaccinated
HCW, while research is ongoing into the effects of vaccination on infection acquisition and onwards
transmission, including with VOCs. Vaccinated HCW should not be exempt from measures discussed above in
relation to minimising the rate of undiagnosed infections (access to testing, adherence to standard IPC

precautions and inclusion in screening of asymptomatic staff in the case of a hospital outbreak).

5.6.8 Antibody response (anti-N) to natural infection post vaccination

It is also notable that of the 23 confirmed infections in fully vaccinated participants, only 6 of these participants
had developed anti-N antibodies in response to their infection. Of the 17 that were anti-N negative, median
number of days between PCR positivity and sampling mid-point was 52 (range 9-67) so it is surprising that the
majority of these had not mounted an anti-N antibody response (89). This low number of seroconversions might
suggest that anti-N antibodies may be insensitive as a marker of natural infection post vaccination. It raises the
questions of whether the pre-existing spike antibodies alter the way the virus interacts with the immune system,
with less production of anti-N antibodies. The numbers are very small but further research is warranted as this
would be a very important point as we try to measure seroconversion and seroprevalence going forward in a post-
vaccination era. Studies continue to rely on anti-N as a marker of seropositivity related to natural infection,
including in vaccinated individuals (138). To the best of our knowledge there are no published data to date that
have identified a comparative reduction in anti-N seroconversion following natural infection in vaccinated
individuals. Further research of individuals with well-defined vaccine breakthrough infections are required, as
this information will be critical in determining how best to assess seroprevalence in vaccinated cohorts. (See
letter to the Editor of Journal of Infection in Appendix 2.1; Publications based on this research,
https://doi.org/10.1016/j.jinf.2021.08.012).

5.7 Limitations

This study has many of the same limitations as the cross-sectional study described in Chapter 3, as well as
limitations particular to this component of the study. Again, information on COVID-19 symptoms and PCR test
results were self-reported and thus could be biased. Secondly, although the uptake rate was good for an opt-in

study, it was lower than the uptake for PRECISE 1; declining interest in research in the area of COVID-19 is a
120


https://doi.org/10.1016/j.jinf.2021.08.012

natural phenomenon as the pandemic progresses. Many staff at this point in time already knew they had been
infected and therefore may have less interest in participating and availing of serology testing. Most staff had
been vaccinated and therefore may also have a degree of comfort that produces less interest in knowing their
antibody status. PRECISE 2 took place during the third wave of the pandemic in Ireland, which was the largest in
magnitude and the longest. Other limitations include that WGS testing results were not available, particularly for
those infected after full vaccination, and also that information on biological factors, e.g. co-morbidities, was not
available. Although the communication strategy was an important part of the recruitment process, the study took
part during our third wave of the pandemic, during Level 5 restrictions - the highest level of COVID-19 national
restrictions - and therefore also relied heavily on engagement with information technology (IT) platforms (email,
messenger groups, hospital intranet) and less on face-to-face announcements. Thirdly, as with all opt-in studies,
there may be a selection bias. Those who had been vaccinated may have had less interest in participating due to
less curiosity about their own serostatus, and therefore we may have underestimated the overall vaccination
status of the workforce. Conversely, those who were unvaccinated may have had a fear of having to announce
their vaccine-status to the study team, despite results not being linked to occupational health records, and those
who had been vaccinated may have been more likely to participate as they may be more likely to have health
seeking behaviour. The online consent process, questionnaire, and blood test booking system risks exclusion of
those who are less literate in IT as discussed in Chapter 3. We do not have individual level information on
reasons for non-participation, or socio-demographic status of non-participants for comparison, but level of uptake
by professional role was deemed to be representative of the hospital HCW population in both hospitals. The
absence of real time genomic sequencing data precludes identifying the role of hospital outbreaks in influencing
the overall seroprevalence, as well as drawing any definite conclusions regarding attributable risk to the

workplace versus the community for HCW.

Detection of anti-spike antibody in conjunction with a self-reported history of vaccination was considered to be
as a response to vaccination. It is possible that some of these participants may have detectable anti-spike antibody
related to natural infection; these were not counted when assessing overall seroprevalence of presumed past
infection, and therefore this overall seroprevalence may be an underestimate. Seroprevalence could also be
underestimated because recent infection could be missed as several days are required for seroconversion of
SARS-CoV-2 infection. Finally, some false negatives and false positives are expected with all laboratory tests.
When the estimate of seroprevalence is adjusted using the manufacturer’s stated specificity of 99.8% and

sensitivity of 99.5%, (the seroprevalence does not change (18%; 95% CI 17% - 19%).

5.8 Conclusion and Recommendations

This study is a unique comparison between two hospitals in areas of differing community incidence over time, in
which IPC measures were the same. The overall seroprevalence of antibodies to SARS-CoV-2 of 21% in SIH

and 13% in UHG reflect the difference in community incidence in each area and the difference in rates of
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confirmed infections among the HCW of each hospital. Risk was higher in the hospital situated in a higher
density area with higher community incidence throughout the COVID-19 pandemic. The rise in seroprevalence
from 15% to 21% in SJH in and from 4.1% to 13% in UHG between October 2020 and April 2021 reflect the
magnitude of the third wave of the pandemic in each location. This data compounded the findings of PRECISE 1,
highlighting the local community incidence as one of the most significant risk factors for acquisition of COVID-
19 infection in HCW. It is also likely that social and demographic factors, and local work practices influenced
the overall seroprevalence. The lack of real time genomic sequencing precludes identifying the role of hospital
outbreaks in influencing the overall seroprevalence, as well as drawing conclusions regarding attributable risk to

the healthcare environment versus the community or household.

Other risk factors common to both PRECISE 1 and 2 included demographic risk factors (younger age group,
male and Black or Asian ethnic group) and work-place related risk factors representing close patient contact,
including the role of HCA. We identified living with other HCW as an independent risk factor for seropositivity
in both studies; to the best of our knowledge there is no other published literature commenting specifically on

this risk factor. The other risk factors that we identified are consistent with the published literature.

The comparison between PRECISE 1 and 2 highlights similar features throughout the pandemic, but also the
changing epidemiology with different waves. The main differences in the findings of PRECISE 1 and PRECISE
2 were related to role, ethnicity and level of education, showing that certain risks may change with different
waves of the pandemic. The large increase in the seropositivity among general support staff and higher
seroprevalence among doctors in UHG compared to SJH are difficult to fully explain and may relate to social
factors. While both studies highlighted minority ethnic groups as more at risk, the group highlighted in each
study was different. Level of education, which has been shown internationally to play a role, emerged as a new
significant finding in PRECISE 2. This, coupled with the findings of risk related to ethnicity, may suggest that,
even a year and a half into the pandemic, some groups may not have been adequately reached by messaging and

education, and ongoing efforts need to be made in this regard.

The degree of previously undiagnosed infections highlights the need for ongoing universal adherence to infection
control guidance including the use of appropriate PPE in the hospital setting, as well as the importance of early
case detection. It is essential that HCW have easy access to testing, even with mild or no symptoms, and even in
the post vaccination setting. (82). We recommend ongoing risk assessment in the setting of a hospital outbreak,
and where indicated, screening of HCW, including those without symptoms, and including those who are
vaccinated.

Ninety percent of those who were anti-body positive (anti-N) in October 2020 and took part in April 2021 were
remained positive (anti-N). Further research is needed to understand the anti-N seroconversion following natural

infection in vaccinated individuals to inform optimal assessment of seroprevalence in vaccinated cohorts.
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The antibody response to vaccination is reassuring, however we did show breakthrough infection in a small
minority of fully vaccinated participants; further studies are needed to correlate serological response with
functional immunity. Formal vaccine effectiveness studies are needed to monitor how effective COVID-19
vaccines are in hospital HCW and to estimate duration of protection from infection, particularly with the ongoing
emergence of variants of concern. With emerging evidence of reduction in transmission from vaccinated
individuals, the authors strongly endorse immediate vaccination of all HCW. Messaging to HCW regarding the
role and limits of vaccination need to be clear and should include the ongoing risk of infection and transmission.
Ongoing adherence to all infection prevention and control standards in the healthcare setting and household are
paramount. Easy access to testing of HCW with symptoms (including mild symptoms and including those who
are vaccinated) and in the setting of close contact with a confirmed case of COVID-19 infection should continue,
and vaccinated HCW with PCR-confirmed COVID-19 infection should be actively assessed to advance
understanding of the reasons for breakthrough infection. This should include whole genome sequencing (WGS)

of the virus from HCW with breakthrough infection and/or of virus from index cases identified by follow-up.
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Chapter 6: Changes in individual linked serostatus over a six-

month time period; a longitudinal study

6.1 Introduction

6.2 Methods
6.2.1 Statistical methods
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6.3.1  Seroreversion
6.3.2  Antibody retention
6.3.3  Seroconversion

6.4 Discussion and Recommendations

6.4.1  Sustained antibody response over six months

6.4.2  Seroreversion and its association with symptom severity and time since PCR
positivity
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6.1 Introduction

The specificity of SARS-Co-V-2 antibodies as an indicator of past COVID-19 infection is high (27), however,
sensitivity wanes over time, (33) (34), with different antibodies waning at different rates, as detailed in Chapter
4. Some studies have shown a link between persistence of antibodies and severity of symptoms and type of
symptoms (139), but antibody waning is likely to be influenced by the interplay of many other factors, including
personal immunological factors, which are not as clearly delineated. Future epidemiological studies using
SARS-Co-V-2 antibodies as a marker of past infection rely on improved understanding of duration of antibody

responses in any given individual or population.

In this study, we aimed to assess antibody persistence over the six-month period between PRECISE 1 and
PRECISE 2 for those HCW who participated in both studies. We assessed for any clinical characteristics that
were associated with antibody loss. We also looked at the rate of seroconversion of those who were antibody
negative in PRECISE 1.

6.2 Methods

In the PRECISE 2 questionnaire participants were asked if they had participated in PRECISE 1. These
participants were matched using the unique identifier number generated by the online questionnaire (68). For
those who did not match using this unique identifier (e.g. because they created a new online account rather than
re-using their previously created account from PRECISE 1), we used the laboratory MRN generated by the
Swiftqueue blood booking system to match their results (69). Similarly, for those who created a new blood
booking account and did not match via laboratory MRN, name and surname, DOB and phone number were used
to match the remaining participants; two/three of these data points were required to be considered a match. This
was done using the Vlookup function in excel. For the purposes of this longitudinal part of the study, to facilitate
direct comparison of individuals who participated in both studies, antibody positivity was defined as a detectable
antibody on the Roche Elecsys anti-N total antibody assay, which was the assay used in both studies. This
excluded 16 participants who participated both times and had detectable anti-N antibodies on the Abbott
Avrchitect 1gG assay which was also used in PRECISE 1 but not used in PRECISE 2. (These 16 participants did
not have detectable anti-N antibodies on the Roche assay in PRECISE 1).

6.2.1 Statistical methods

The chi-square distribution was used to compute confidence intervals (ClI) and p-values. Binary logistic

regression was used to calculate relative risks along with their 95% Cls, to assess the association between SARS-
CoV-2 seroreversion and symptom severity adjusted for time since PCR positive test. PCR positivity refers to the
date of most recent PCR positive test, and accounts for participants who were positive in the first phase and had a

subsequent PCR confirmed infection (indicating re-infection) (n=5 matched participants).
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All analysis was conducted in Stata 15.1 (StataCorp LCC. 2019. College Station, TX 77845: USA).

6.3 Results

In total, 3,313 qualifying study participants participated in both phases of the PRECISE study (demographics of
these 3,313 are shown in Table 6A, Appendix). Of those, 18% (595/3313) were ever seropositive in October
2020 or April 2021; 11% (360/3313) were positive in October, 17% (560/3313) were positive in April, and 9.8%
(325/3313) were seropositive in both studies (Table 16).

Table 16. Comparison of individual serological results in PRECISE 1 (October 2020) and PRECISE 2 (April
2021), Roche (anti-N) total antibody assay

Serological result PRECISE 1 Serological result PRECISE 2
Negative Positive Total
Negative 2718 235 2953
Positive 35 325 360
Total 2753 560 3313

6.3.1  Seroreversion

Of the 360 participants that were seropositive in PRECISE 1, 9.7% (n=35) experienced seroreversion (loss of
previously documented antibody), i.e. they were seropositive in PRECISE 1 (October 2020) but seronegative in
PRECISE 2 (April 2021). The proportion and 95% confidence intervals (CI) of participants that experienced
seroreversion by demographic characteristics are shown in Table 17a. There were no participant characteristics

that were significantly associated with seroreversion.

The proportion of participants that experienced seroreversion increased with decreasing symptom severity, but
this was not significant (Table 17b). The proportion was 15% among those who had never experienced
symptoms of COVID-19, 9.9% among those who had experienced mild symptoms, 8.3% among those who had

experienced significant (moderate) symptoms, and 5.3% among those who had experienced severe symptoms.

Of the 360 participants who experienced seroreversion, 228 (63%) reported having had a previous PCR
confirmed infection. The interval between date of previous PCR confirmed infection and phase 2 of the study
ranged from 2 months to 13 months. There were no participants with seroreversion whose interval between
PRECISE 2 and PCR was <10 months, this should be interpreted with caution due to low numbers in this group.

Seroreversion was 15% for those whose interval was 13 months, 5.2% for those whose interval was 12 months,
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and 16% whose interval was 11 months (confidence intervals overlap) (Table 17b). Seroreversion (and 95% Cls)

by symptom severity among those previously PCR positive is shown in Figure 5.

When symptom severity was adjusted by time since PCR confirmed infection, a similar trend was observed (the
highest risk of seroreversion was observed for those that had not previously experienced COVID-19 symptoms;
aRR 2.0 (95% CI 0.2-25), but this was not significant (p=0.439) (Table 18a). Time since PCR positivity adjusted

for symptom severity is shown in Table 18b and was also not significant.
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Table 17a Proportion and 95% CI of PRECISE-1 participants that experienced seroreversion (October 2020 to

April 2021), by demographic characteristics

Participant characteristics Total Experienced seroreversion
N n 9% (95% CI) p-value*
360 35 9.7(6.9-13)
Age groups 18-29 96 9 9.4 (4.4-17) 0.483
30-39 110 14 13 (7.1-20)
40-49 79 8 10 (4.5-19)
50-59 59 4  6.8(1.9-16)
>60 16 0 -
Sex Female 271 31 11 (7.9-16) 0.055
Male 89 4  45(1.2-11)
Ethnicity Irish 242 25 10 (6.8-15) 0.324
Any other white background 45 7 16 (6.5-29)
Any Asian background 64 3  4.7(1.0-13)
Any African or black background 8 0 -
Other 1 0 -
Country of birth Ireland 232 25 11 (7.1-15) 0.304
United Kingdom 23 3 13 (2.8-34)
India 29 2 6.9(0.8-23)
Philippines 31 1 3.2(0.1-17)
Poland 6 2  33(4.3-78)
USA 3 0 -
Other 36 2 56(0.7-19)
Education Primary 2 0 - 0.193
Secondary 32 2 6.3(0.8-21)
Third level 181 13 7.2(3.9-12)
Post-graduate 145 20 14 (8.6-20)
Role Admin 30 3 10(2.1-27) 0.319
Medical/dental 50 7 14 (5.8-27)
Nursing/ midwifery 184 15 8.2 (4.6-13)
Allied health 47 7 15(6.2-28)
General support 19 3 16 (3.4-40)
Health care assistant 27 0 -
Other 3 0 -
Lives with Alone 18 2 11 (1.4-35) 0.929
With others 341 33  9.7(6.8-13)
Missing 1 0 -
Lives with HCW Yes 147 14 8.8 (4.8-15) 0.625
No 206 21 10 (6.5-15)
Missing 7 0 11 (0.3-48)
Daily contact with COVID-  Contact with COVID-19 patients 85 11 13(6.6-22) 0.420
19 patients Contact with patients without 214 20 9.3(5.8-14)
COVID-19
No patient contact 61 4 6.6(1.8-16)

*Calculated using the chi-square test
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Table 17b Proportion and 95% CI of PRECISE-1 participants that experienced seroreversion (October 2020 to

April 2021), by previous symptoms and by date of previous PCR confirmed infection

Participant characteristics Total Experienced seroreversion
N n % (95% CI)  p-value*
All
360 35 9.7 (6.9-13)

Previous COVID-19 symptoms No symptoms 47 7 15 (6.2-28) 0.199

Had symptoms 313 28 9 (6.0-13)
Severity of symptoms No symptoms 47 7 15 (6.2-28) 0.540

Mild symptoms 162 16 9.9 (5.8-16)

Significant symptoms 132 11 8.3 (4.2-14)

Severe (hospitalised) 19 1 5.3 (0.1-26)
Previous positive COVID-19 PCR  No 132 15 11 (6.5-18) 0.424
tactd Yes 228 20 8.8 (5.4-13)
Number of months since most 1 0 0 - 0.349
recent PCR positive test 2 1 0 -

3 1 0 -

4 0 0 -

5 0 0 -

6 5 0 -

7 9 0 -

8 1 0 -

9 0 0 -

10 4 0 -

11 50 8 16 (7.2-29)

12 116 6 5.2 (1.9-11)

13 41 6 15 (5.6-29)
Symptoms at time of most recent No symptoms 17 2 12 (1.5-36) 0.917
PCR test I\/_Iild_ s_ymptoms 83 8 9.6 (4.3-18)

Significant (moderate) 111 9 8.1 (3.8-15)

Severe (hospitalised) 17 1 5.9 (0.1-29)

*Calculated using the chi-square test

Table 18a Association between symptom severity and seroreversion (October 2020 to April 2021) among

PRECISE participants, controlled for time since PCR confirmed infection

Participant characteristics

Adjusted relative risk

% (95% CI) p-value
Symptoms at time of previous No symptoms 2.0 (0.2-25) 0.439
positive PCR test l\/_llld_ s_ymptoms 1.7 (0.2-13) 0.590
Significant (moderate) symptoms 1.4 (0.2-10) 0.733
Severe (hospitalised) Ref.
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Table 18b Association between time since PCR confirmed infection and seroreversion (October 2020 - April

2021) among PRECISE participants, controlled for symptom severity

Participant characteristics Adjusted relative risk
% (95% CI) p-value
Number of months since most <11 Ref.
recent PCR positive test 12 0.4(0.2-1.2) 0.101
13 1.1 (0.4-2.9) 0.843
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Figure 5 Proportion of PRECISE participants that experienced seroreversion between phase 1 (October 2020)
and phase 2 (April 2021), by COVID-19 symptom severity

6.3.2  Antibody retention

Ninety percent (325/360) of those who were seropositive in phase 1 were also seropositive in phase 2. Of those,
five reported having had PCR confirmed infection on two separate occasions, three had their second episode in
October 2020 and two had their second episode in January 2021. The remaining 98% (320/325) did not report
having had a PCR confirmed infection since October 2020 and are presumed to have maintained antibody

positivity between both phases of the study.

6.3.3  Seroconversion

Of the 560 matched participants that were seropositive in phase 2, 235 were seronegative in PRECISE 1, i.e.,
they seroconverted between October 2020 and April 2021. Characteristics of those 235 participants are shown in
Table 6B (Appendix).
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6.4 Discussion and Recommendations

Among the 3,313 participants that were common to both PRECISE 1 and 2, 18% (595/3313) were ever
seropositive; 11% (360/3313) in PRECISE 1 and 17% (560/3313) in PRECISE 2, for a seroconversion of 8%
between October 2020 and April 2021, which was in keeping with the increased seropositivity from October to

April in the overall cohort.

6.4.1 Sustained Antibody Response over six-months

Ninety percent of participants who were common to both studies, and were seropositive in PRECISE 1, still had
antibodies at the time of PRECISE 2. As discussed in Chapter 4, the duration of antibody response in the
literature is varied (35) (38), and further studies are still needed to directly correlate sustained antibody positivity
with protection from re-infection, especially as the pandemic progresses and further VOCs emerge. This has
implication at individual level in terms of potential protection from past infection, and at public health level in

terms of the use of serological testing in determining population seroprevalence.

6.4.2 Seroreversion and its association with symptom severity and time since PCR positivity

Almost 10% of those who were seropositive in October 2020 seroreverted by April 2021. Although serological
studies are still our best means of determining true rates of past infection in any given population, this highlights
the limitations of its use, particularly as the pandemic progresses. As previously discussed, further studies are
needed to delineate the exact relationship between seropositivity and protection from re-infection (with either the
same or a different variant) but messaging regarding the loss of antibodies over time post natural infection may
also be a useful adjunct in addressing vaccine hesitancy. No host factors in our study were significantly
associated with antibody waning, however we did not collect information on host determinants such as
underlying medical conditions, which may impact seroreversion. Future studies that include such information

would add valuable understanding to this field.

While findings were not statistically significant, the data showed a weak trend for severity of symptoms being
associated with retained antibody positivity, which would be in keeping with the published literature (139).
Increasing time since positive PCR also showed a trend towards loss of antibody positivity, however the number
of participants with a recent positive PCR was too low for any conclusion to be drawn. We previously showed
this trend for a different assay (Abbott IgG anti-N assay) in our comparison of laboratory assays that is discussed
in Chapter 4, but we did not see a waning on the Roche assay by this stage (140). It may be that by October
2020, the infections that were most distant in time from serological testing had happened six-seven months prior

to serological testing; with this longitudinal matching to April 2021 serology, we now have infections that are
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more distant in time (>10 months prior to serological testing) and therefore may be picking up a trend that could
be more significant with a larger dataset over time. This result highlighted some of the advantages of
incorporating a longitudinal component into this research, as opposed to the cross-sectional components. Further
studies are needed to determine if this is the case for this assay, as well as to compare different serological assays
as the pandemic progresses, to determine if antibodies eventually wane on all serological tests, including
panantibody assays such as that used for this component of our study. [Further research is also needed to advance
understanding of antibody neutralisation in relation to host immunity and protection with increasing viral

diversity.
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Chapter 7: Summary, Conclusion and Recommendations

7.1 Summary

7.2 Conclusion and Recommendations
7.2.1 Limitations
7.2.2 Lessons learned
7.2.3 Next Steps

7.2.4 Learning for future pandemics
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7.1 Summary

Hospital healthcare workers (HCW) are at increased risk of contracting COVID-19 infection. The degree of
increased risk is influenced by the local community seroprevalence, by working role within the hospital, and by
social and demographic factors. The HCW seroprevalence was six times higher than community seroprevalence
following the first wave of the pandemic in Ireland and rose further with subsequent waves. At both points in
time during this study which involved cross-sectional studies in October 2020 and April 2021, the SARS-CoV-2
seropositivity was higher in the Dublin hospital, reflecting the higher community seroprevalence in the more
densely populated capital city. By April 2021, at the end of the third wave of the pandemic in Ireland, 21% of
staff in SJH and 13% of staff in UHG were seropositive, indicating infection with COVID-19 at least once.
Working in close proximity to patients carried a higher risk of COVID-19 infection at both points in time during
the study. The role of healthcare assistant was highlighted at both points in time as a risk factor, carrying up to

double the risk of seropositivity compared to administration staff.

In terms of demographic factors, being male, young and of Asian or Black ethnicity were also linked to
seropositivity, all findings that corroborate the published literature (84). Living with other healthcare workers
was also shown to be a risk factor for seropositivity, highlighting the potential role of household transmission
between HCW. Again, this was higher in Dublin, where smaller living spaces and higher accommodation costs

likely mean smaller shared living spaces.

The comparison between the two studies highlights similar features throughout the pandemic, but also the
changing epidemiology with different waves. To the best of our knowledge this was the first published study of
its kind to compare epidemiology in the same population at two points in time during the pandemic. The main
differences in the findings between October 2020 and April 2021 were related to role, ethnicity and level of
education, showing that certain risks may change with different waves of the pandemic. There was a large
increase in the seropositivity among general support staff and higher seroprevalence among doctors in UHG
compared to SJH in April 2021, which may relate to social factors. While both studies highlighted minority
ethnic groups as more at risk, the group highlighted in each study was different; Asian ethnicity in October 2021
and Black ethnicity in April 2022. Level of education, which has been shown internationally to play a role (137),
emerged as a new significant finding in April 2021; those with a lower level of education were more likely to be

seropositive.

In both cross-sectional studies, there was a high rate of previously undiagnosed infection, i.e. seropositive
individuals who were not previously aware of ever having been infected with COVID-19. Although this
decreased from 39% in October 2020 to 26% in April 2021, still a quarter of infections went undiagnosed,

despite easy access to testing on site in both locations, and despite the majority of these having had symptoms
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consistent with COVID-19 infection at some stage. The majority performed roles involving close patient contact,
and therefore were assumably aware of the risks of infection acquisition, had access to PPE recognised the

symptoms associated with infection, and the availability of free onsite testing.

The study assessing antibody production post vaccination was very encouraging, showing both high uptake of
vaccination among HCW and demonstrating that 100% of fully vaccinated participants had anti-spike antibodies,
the type of antibody produced in response to vaccination, at 3 months after the start of the vaccination
programme in Ireland. Twenty-three of these had had breakthrough COVID-19 infection, representing 0.6% of
all fully vaccinated participants. This was significantly different to the 13% of partially vaccinated participants

who experienced a confirmed infection post vaccination.

We studied antibody persistence in two ways in this research programme, described in Chapters 4 and 6. First,
we compared antibody positivity on two different platforms in those with a known prior infection, to see how
long the antibody persisted post positive PCR. Secondly, we compared the results of those who were antibody

positive in October 2021 and participated again in April 2021, to see if they remained seropositive.

The comparison of laboratory assays detailed in Chapter 4 highlighted the fact that not all assays perform the
same and serves as a reminder that the results of seroprevalence studies are only as good as the sustained
sensitivity and specificity of the assays used. Using the subgroup of participants with previously confirmed
COVID-19 infection, we were able to compare the two assays used for the study, and while the Roche assay
detected 95% of these infections and had sustained positivity up to 33 weeks after infection, only 41% of these
participants tested positive on the Abbott assay. The decline in Abbott positivity starting at week 21/day 150 after

confirmed infection.

The final chapter (chapter 6) evaluating sustained antibody response in participants known to be antibody
positive in October 2021 showed that 90% of these participants remained antibody positive six months later. Of
the 10% who seroreverted, there were no characteristics that were statistically significantly associated with
seroeversion, but there was a trend towards longer distance in time from the confirmed infection being associated
with loss of antibody. There was also a weak trend towards more severe symptoms being associated with retained

antibody positivity.

7.2 Conclusion and Recommendations

These studies are a unique comparison between two hospitals in areas of differing community incidence over
time. The overall seroprevalence of antibodies to SARS-CoV-2 of 21% in SJH and 13% in UHG reflects the

difference in community incidence in each area and the difference in rates of confirmed infections among the
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HCW of each hospital. Risk was higher in the hospital situated in a higher density area with higher community
incidence throughout the COVID-19 pandemic. The rise in seroprevalence from 15% to 21% in SJH in and from
4.1% to 13% in UHG between October 2020 and April 2021 reflects the magnitude of the third wave of the
pandemic in each location. The data from both cross-sectional studies highlight the local community incidence as
one of the most significant risk factors for acquisition of COVID-19 infection in HCW. It s also likely that
social and demographic factors, and local work practices influenced the overall seroprevalence. The lack of real
time genomic sequencing precludes identifying the role of hospital outbreaks in influencing the overall
seroprevalence, as well as drawing conclusions regarding attributable risk to the healthcare environment versus

the community or household.

There were many risk factors that remained the same from October 2020 to April 2021, including demographic
risk factors and work-place related risk factors representing close patient contact. We identified living with other
HCW as an independent risk factor for seropositivity in both studies; to the best of our knowledge there is no
other published literature commenting specifically on this risk factor. The other risk factors that we identified are

consistent with the published literature.

The comparison between the two points in time highlights the changing epidemiology of the pandemic with
different waves. The main differences in the findings of October 2020 and April 2021 were related to role,
ethnicity and level of education, showing that certain risks may change with different waves of the pandemic.
The findings of risk related to level of education and ethnic group may suggest that, even a year and a half into
the pandemic, some groups may not have been adequately reached by messaging and education, and ongoing

efforts need to be made in this regard.

The degree of previously undiagnosed infections at both points in time highlights the need for ongoing universal
adherence to infection control guidance including the use of appropriate PPE in the hospital setting, as well as the
importance of early case detection. It is essential that HCW continue to be encouraged to test, and have easy
access to testing facilities, even with mild symptoms and even in the post vaccination setting. (82). We
recommend ongoing risk assessment in the setting of a hospital outbreak, and where indicated, screening of

HCW, including those without symptoms, and including those who are vaccinated.

The antibody response to vaccination is reassuring, however we did show confirmed infection in a small minority
of fully vaccinated participants, all of whom had an appropriate serological response to vaccination; further
studies are needed to correlate anti-S serological response with functional immunity. Formal vaccine
effectiveness studies are needed to monitor how effective COVID-19 vaccines are in hospital HCW and to
estimate duration of protection from infection, particularly with the ongoing emergence of variants of concern.
As a result of this research both study sites are now involved in a vaccine efficacy study. With emerging
evidence of reduction in transmission from vaccinated individuals (137), we recommend ongoing vaccination of

all HCW as a priority. Messaging to HCW regarding the role and limits of vaccination need to be clear and
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should include the ongoing risk of infection and transmission, and the need to continue to test and isolate in the
presence of symptoms. Adherence to all infection prevention and control standards in the healthcare setting
should continue in the post-vaccination era, and vaccinated HCW with PCR-confirmed COVID-19 infection
should be actively assessed to advance understanding of the reasons for breakthrough infection. This should
include whole genome sequencing (WGS) of the virus from HCW with breakthrough infection and/or of virus

from index cases identified by follow-up.

Assessment of vaccinated cohorts now relies on anti-N antibody detection, to differentiate between antibodies
produced by natural infection and antibodies produced by vaccination. In our study 90% of those who were anti-
N positive in October 2021 remained anti-N positive in April 2021. No significant risk factors were identified to
be associated with earlier seroeversion, perhaps due to the smaller numbers in this subgroup. Further research is
needed to understand the anti-N seroconversion and seroeversion (timing of, and risk factors for) in both
vaccinated and unvaccinated individuals, as well as to understand how anti-N antibody positivity relates to

immunity, especially in light of emerging VOCs.

In terms of testing platforms, our study findings suggest that, of the two assays directed at anti-N antibodies
(Roche and Abbott), Roche is better suited to future population-based serological studies, due to maintained
detection of total antibodies up to at least seven months after natural infection with SARS-CoV-2. While we
demonstrate good performance of Roche anti-nucleocapsid assay at extended time points, it remains to be seen
whether, and after how long, the detection of antibodies on this platform would also wane. Further studies are
also needed to determine whether all panantibody assays, such as Roche, perform superiorly to 1gG antibody
assays, such as Abbott, or whether this finding was specific to the exact bran(84)d of assays used in this study.
The anti-spike assay (Wantai) performed very well on the subset of samples analysed, but further studies are
needed to show if it maintains its sensitivity compared to Roche on an unbiased selection of samples.
Furthermore, with the advent of vaccination, anti-spike only assays are no longer as useful for assessing for past
natural infection in a largely vaccinated cohort; anti-N antibody assays are needed to differentiate between

serology related to vaccination and serology related to natural infection.

This comparison of assay performance adds to the growing literature on serological assays for population-based
studies. Further data comparing antibody assays for the detection of antibodies to SARS-CoV-2 are needed to
guide the most appropriate use of certain assays in any given situation, especially where use of dual or multiple
assays is not feasible or affordable. Assays, particularly anti-N antibody assays, with prolonged sensitivity are

likely to be more valuable as the pandemic continues.

In April 2021, 90% of participants who were antibody positive in October 2020 remained seropositive. As
discussed above, the duration of antibody response is varied, both in our study and in the published literature
(35) (38), and further studies are still needed to delineate the relationship between serological response, and

sustained response, and functional immunity for repeat infection protection from re-infection, especially as the
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pandemic progresses and further VOCs emerge. This needs to be assessed both for serological response to
vaccination, and to natural infection. This has implication at individual level in terms of potential protection from
past infection, and at public health level in terms of the use of serological testing in determining population

seroprevalence.

7.2.1 Limitations

The individual sub-study limitations are described in detail in the relevant chapters. The overall research
programme had some limitations, which came to light as the pandemic evolved, subsequent sub-studies post-
dating this research evolved with the pandemic. The research programme was not designed as a cohort study, but
rather as two cross-sectional studies, with a longitudinal link between the two. This meant that linkage of data
between the two studies was laborious. More importantly, as the research continued, the need for a cohort study
was recognised, and PRECISE 3, the next sub-study after the research described here, is designed as such, and is
ongoing. Linkage of all data between PRECISE 1, 2, and 3, may have been made easier had the study design
been a cohort study from the start, however this would have impacted other key factors such as timeliness, uptake
and ongoing participation. At design and implementation of PRECISE 1 there was not a clarity to the expected
duration of pandemic. We used an online platform to provide the study questionnaire, prioritising easy and quick
participation in the setting of national lockdown, however we recognise that this may have excluded some HCW
. All efforts were made to mitigate this, as detailed above. The programme emerged with pandemic with limited
time available to commence the work that required full ethical approval. This included a review in detail of some
aspects of the study design and initial questionnaire, therefore we collected limited clinical data but did not
prioritise data on co-morbidities/ immunosuppression. In retrospect, this data may have helped our understanding
of vaccination response, re-infection and severity of infection. Initially antibody testing on the Roche platform
was less sensitive than currently used tests, but the study had the agility to compensate for this with a change in
testing platform in response to emerging data. The sub-studies described here were not designed to study re-
infection in any detail, and there was no correlation with WGS of isolates, however this is now being done in
PRECISE 3 which is ongoing.

7.2.2 Lessons learned

This was my first experience as Principal Investigator for a national research programme, involving multiple
studies conducted in two separate locations. A huge amount was learned both by me and by the research team.
One of the notable features of this research was that much of it was conducted during a period of governmental

restrictions due to COVID-19. This was a new playing field for clinicians as well as researchers, and | learned
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valuable lessons about how to manage teams remotely (I was based at one study site, and only manged to get to
the other study site twice during Level 5 restrictions, yet | was responsible for the core study teams at both sites
and the day to day running of the study). Promoting the study widely throughout both hospitals had to be done
using innovative means, as described in methods section of Chapter 3, as most in-person meetings were
cancelled. Ensuring the phlebotomy component of the study complied with social distancing regulations was
another challenge; we tried to balance this with the inclusion of walk-in clinics and un-planned visits to

maximise uptake.

Key lessons were learned pertaining to data management, data sharing and data analysis. Due to the remote
working conditions, we discovered after the data collection for PRECISE 1 that there were slight differences in
software versions and data storage between the sites that complicated the merging of the data, and a key lesson
learned was to ensure all data collection was on same platform with identical software version, and ideally all
data analysis to be conducted in the same software programme, so that data scripts could be easily shared with

any changeover of the person conducting the analysis.

Data dissemination was a vital component of this research programme. We wanted to make our results available
as close to real time as possible, to help national decision makers, as well as the wider international community
dealing with the rapidly evolving situation. This was difficult to achieve with a study steering group all needing
to sign off any reports, and this was particularly clear over the Christmas period of 2020; the lab results for
PRECISE 1 became available in the second week of December, so that timing was such that a basic analysis fell
over the Christmas period, and | wanted to get the report out prior to the commencement of vaccination in early
January. In future, I would agree among the group that sign off by a sub-set of nominated members could be
deemed sufficient for preliminary reports, in order to not incur delays. I think that better time-line planning
would also have helped this situation. However, part of the timing of this was due to the flexibility incorporated
into the study — in late November we added serological testing on a second platform due to newly published

literature regarding the sensitivity of the test we had used.

This research programme was designed rapidly, in an emerging situation which needed a quick response. This
meant that some aspects of its development felt rushed, and while the national steering group and the lead site
investigators made themselves wholly available to support the rapid development of the programme, one of the
factors that we overlooked at the outset was a plan for data analysis. | designed the questionnaire for the first
study myself and circulated it to the steering group and a selection of lay people for testing. | also did the basic
analysis myself, but for advanced analysis | set up a data subgroup. This sub-group should have been set up at the
outset of the study, rather than when the data became available. This team should have been involved in the
design of the questionnaire, in order to control the type of data that would then be available to them. There were

no major issues with the resulting data, as seen by very minimal changes for PRECISE 2 (for which the data sub-
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group were involved from the outset) but in principle this would have been the correct order of conducting things

and would have alleviated a lot of stress from the data analysis for the first study.

7.2.3 Next Steps

As a consequence of this research, our research consortium made a call for several further studies. Firstly, a
longitudinal cohort of Irish HCW is being studied (PRECISE 3,4 and 5) for breakthrough infection, host
determinants of disease, and vaccine response, with linkage to results of PRECISE 1 and 2 for access to baseline
serology, prior to and post vaccination. Secondly, our research highlighted the need for formal VE studies, and
due to the PRECISE research programme our two study sites were well positioned to partake in the European
Centre for Disease Control (ECDC) Vaccine Effectiveness, Burden and Impact Studies (VEBIS), which are
ongoing (141).Thirdly, we called for further studies on neutralising antibodies, which are being conducted as part
of PRECISE 5. In the fourth instance, we advocated for emerging diagnostics such as real-time WGS, which is
now in place systematically. In the fifth instance, we advocated for extension of research to other respiratory
viruses, and influenza is now included in VEBIS (142). And finally, we are still advocating for dedicated HCW

epidemiological units in hospitals nationally.

7.4.4 Learnings for future pandemics

The COVID-19 pandemic has a different impact on locations worldwide, resulting in a combination of
universally shared challenges and regional-specific challenges. One key learning point, however, is shared by all;
we were not prepared. As the pandemic has evolved, we have learned from our mistakes, or from the mistakes of
others, and it is imperative that we take this learning into account in our preparation for future pandemics. This
research has provided, and the PRECISE research consortium continues to provide, valuable information for
consideration in such planning at national and international level. We know now how pertinent it is to consider
the role of hospital/HCW epidemiology in local spread of infection. As has been the case with COVID-19
infection, HCW may have increased risk of infection, proportional to community incidence and patient exposure
and inversely proportional to education level. This highlights the importance of IPC-related education targeting
the different disciplines in healthcare provision. Social factors such as living with other HCW also need to be
considered at the outset of a pandemic. The impact of asymptomatic infection, an issue that was contentious at
the outset of the COVID-19 pandemic, as a contributor to nosocomial transmission of viral infections needs to be
considered in any future pandemic. Reassuringly vaccine update was high among healthcare workers in the sub-

studies presented here, however a decline in the uptake of booster doses raises the ongoing need for support and
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dialogue with healthcare workers regarding vaccine acceptability. Research in a pandemic scenario is crucial and
pathways should be in place to allow research programmes to be launched rapidly. This should include a
centralised investigational ethics committee, as was present in Ireland, this facilitated the commencement of this
study within the first six months of the pandemic. Preparedness should also include IT support for investigators
and epidemiologists, preceding agreements with IT platforms to facilitate end-to-end solutions for data
collection, and rapid GDPR-compliant data sharing agreements between institutions. We should continue to build

strong links between clinicians, epidemiologists and national public health bodies.
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Appendix 1 — Supplementary tables and figures

Table A. Response rate by HCW type, PRECISE 1, October 2020

St James's Hospital Response

University Hospital Galway

Combined Response Rate

HCW role Rate Response Rate
N n % N n % N n %
Admin 693 454 66% 639 349 55% 1,332 803 60%
Medical/dental 621 460 74% 814 522 64% 1,435 982 68%
Nursing/ midwifery 1,802 1,045 58% 1,689 1,019 60% 3,491 2,064 59%
Allied health 742 616 83% 648 475 73% 1,390 1,091 78%
General support 412 255 62% 240 179 75% 652 434 67%
Health care assistant 422 157 37% 316 129 41% 738 286 39%
Other - 55 - 72 - 127
Total 4,692 3042 65% 4,346 2,745 63% 9,038 5,788 64%
Table B. Comparison of all staff and study participants in St James’s Hospital by healthcare worker role,
PRECISE 1, October 2020
HCW role tames sst:f? spralall Ssttjg;n ;Z:ti}cfiopsgrlnttzsﬂ Difference
N % N % N %
Admin 693 15 454 15 239 0.1
Medical/dental 621 13 460 15 161 19
Nursing/ midwifery 1,802 38 1,045 35 757 -3.8
Allied health 742 16 616 20 126 4.5
General support 412 8.8 255 8.4 157 0.4
Health care assistant 422 9.0 157 5.2 265 -3.8
Other - - 55 1.8 } }
Total 4,692 100 3042 100 1650 -
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Table C. Comparison of all staff and study participant in University Hospital Galway by healthcare
worker_role, PRECISE 1, October 2020

HCW role University Hospital University Hospital Difference
Galway all staff Galway study
participants
N % N % N %
Admin 639 15 349 13 290 -2
Medical/dental 814 19 522 19 291 0.4
Nursing/ midwifery 1,689 39 1,019 37 670 -1.8
Allied health 648 15 475 17 173 2.4
General support 240 55 179 6.5 61 1
Health care assistant 316 73 129 4.7 187 -2.6
Other . . 72 26 - -
Total 4,346 100 2,745 100 1600 -
Table D. Comparison of all staff and study participants by healthcare worker role, PRECISE 1, October
2020
HCW role All invited staff All study participants Difference

N % N % N %
Admin 1,332 15 803 13 529 -1.3
Medical/dental 1,435 16 982 17 452 11
Nursing/ midwifery 3,491 39 2,064 36 1427 -2.9
Allied health 1,390 15 1,001 19 299 3.2
General support 652 7.2 434 7.5 218 0.3
Health care assistant 738 8.2 286 49 452 33
Other - - 127 2.19 - -

Total 9,038 100 5,788 100 3250
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Table E. SARS-CoV-2 Seroprevalence by healthcare worker role in SJH, PRECISE 1, October 2020

Participated SJH Positive Results SIJH P-value*
HCW role % of N % of tested Conﬁdgei‘;/g
group Intervals (%)
Admin 454 66 44 9.7 7.1-13
Medical/dental 460 74 66 14 11-18
Nursing/ midwifery 1,045 58 215 21 18-23
Allied health 616 83 61 9.9 7.7-13 <001
General support 255 62 30 12 8.1-16
Health care assistant 157 37 42 27 20-34
Other 55 6 11 4.1-22
Total 3042 65 466 15 14-16

*Calculated using the Chi-Square test

Table F. SARS-CoV-2 Seroprevalence by healthcare worker role in UHG, PRECISE 1, October 2020

Participated UHG Positive Results UHG P-value*
HCW role N % of group N % of tested 95%;&?32&?22‘;
Admin 349 55 1.2 0.3-2.9
Medical/dental 522 64 36 6.9 4.9-9.4
Nursing/ midwifery 1,019 60 48 4.7 3.5-6.2
Allied health 475 73 12 2.5 1.3-4.4
General support 179 75 1.7 0.4-4.8 <.001
Health care assistant 129 41 6.2 2.7-12
Other 72 1.4 0.1-7.5
Total 2,745 63 112 4.1 3.4-4.9

* Calculated using the Chi-Square test
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Table G. Seroprevalence by healthcare worker role, both hospitals, PRECISE 1, October 2020

Participated Positive Results P-value*
HCW role N 9% of group N % of tested gs?ngicgge(gg
Admin 803 60 48 6.0 4.4-7.9
Medical/dental 982 68 102 10 8.5-13
Nursing/ midwifery 2,064 59 263 13 11-14
Allied health 1,001 78 73 6.7 5.3-8.4

General support 434 67 33 7.6 5.3-11 <.001
Health care assistant 286 39 50 18 13-22
Other 127 - 7 5.5 2.2-11
Total 5,788 64 576 10 9.2-11

* Calculated using the Chi-Square test

Characteristics of HCW with SARS-CoV-2 antibodies detected

The HCW with detectable SARS-CoV-2 antibodies had a median age of 36.7 (IQR 28.6-46.9) and were 73%
female, 67% lIrish and 21.4% BAME. 46% were nurses, and 89% had at least third level education. Of them,
95% were living with other people, and 41% were living with other HCW. 16% had not experienced symptoms
consistent with COVID-19 at any stage. 82% had previously had at least one PCR test for COVID-19, and 61%
had previously had a positive test. (Table H).

Table H. Characteristics of the HCW with SARS-CoV-2 antibodies detected (n=576), by hospital,
PRECISE 1, October 2020

Participant characteristics St James's Hospital University Hospital All with SARS-CoV-2
(n=464) Galway (n=112) IgG antibodies

detected (n=576)

Age Median age (IQR) 37 29-48 36 29-42 37 29-47
N % N % N %

Age groups 18-29 148 32 29 26 177 31
30-39 121 26 47 42 168 29

40-49 99 21 25 22 124 32

50-59 70 15 7 6.3 77 13

Over 60 26 5.6 4 3.6 30 5.2

Sex Female 347 75 75 67 422 73
Male 117 25 37 33 154 27
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Ethnicity Irish 305 66 80 71 385 67
Any other white a4 95 18 16 62 11
background
glig;i‘j;‘ y 9% 20 13 12 107 19
African or other
black background 15 3.2 1 0.9 16 28
Other 6 1.3 - - 6 1.0

Country of Ireland 291 63 82 73 373 65

birth* United Kingdom 25 5.4 7 6.3 32 5.6
India 46 9.9 8 7.1 54 9.4
Philippines 45 9.7 2 1.8 47 8.2
Poland 7 15 3 2.7 10 1.7
USA 3 0.7 - - 3 0.5
Other 47 10 10 8.9 57 9.9

Education Primary 4 0.9 - - 4 0.7
Secondary 53 11 8 7.1 61 11
Third level 229 49 54 48 283 49
Post-graduate 178 38 50 45 228 40

Role Admin 44 9.5 4 3.6 48 8.3
Medical/dental 66 14 36 32 102 18
Nursing/ midwifery 215 46 48 43 263 46
Allied health 61 13 12 11 73 13
General support 30 6.5 3 2.7 33 5.7
Health care assistant 42 9.1 8 7.1 50 8.7
Other 6 1.3 1 0.9 7 1.2

Lives with Alone 21 45 6.3 28 4.9
With others 441 95.0 105 93.8 546 94.8
Missing 2 0.4 - - 2 0.3

Lives with  Yes 193 42 40 37 234 41

HCW No 262 57 70 63 332 58
Missing 9 19 1 0.9 10 1.7

Previous No symptoms 70 15 20 18 90 16

COVID-19 like  Had symptoms 392 85 92 82 484 84

symptoms Missing 2 0.4 - - 2 0.4

Previous Yes 385 83 89 80 474 82

gg%/![gs_tlg No 79 17 23 21 102 18

Previous Yes 277 60 73 65 350 61

positive

COVID-19 No 187 40 39 35 226 39

PCR test
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Table 2c. Prevalence of SARS-CoV-2 IgG antibodies by participant characteristics, St James's Hospital,
PRECISE 1, October 2020

Participant characteristics Total SARS-CoV-2 IgG detected P-value*
N n % (95% CI)
Age groups 18-29 728 148 20 (17 - 23) <0.001
30-39 831 121 15 (12 -17)
40-49 793 99 13 (10 -15)
50-59 532 70 13 (10 - 16)
Over 60 158 26 17 (11 - 23)
Sex Female 2,326 347 15 (13 -16) 0.355
Male 716 117 16 (14 -19)
Ethnicity Irish 2,262 304 13 (12 - 15) <0.001
Any other white 267 44 17 (12 - 22)
background
African and any other 65 15 23 (14 - 35)
black background
Asian background 393 94 24 (20 - 29)
Other 55 7 13 (5.3 - 25)
Country of birth* Ireland 2,182 291 13 (12 - 15) <0.001
United Kingdom 152 25 16 (11 - 23)
India 201 46 23 (17 -29)
Philippines 166 45 27 (21 - 35)
Poland 24 7 29 (13 -51)
USA 22 3 14 (2.9 - 35)
Other 295 47 16 (12 - 20)
Education Primary 27 4 15(4-34) 0.017
Secondary 420 53 13 (10 -16)
Third level 1,300 229 18 (16 -20)
Post-graduate 1,295 178 14 (12 -16)
Role Admin 454 44 10 (7.1 - 13) <0.001
Medical/dental 460 66 14 (11 - 18)
Nursing/ midwifery 1,045 215 21 (18 -23)
Allied health 616 61 10 (7.7 - 13)
General support 255 30 12 (8.1 -16)
Health care assistant 157 42 27 (20 - 34)
Other 55 6 11 (4.1-22)
Lives with Alone 256 21 8(5.2-12) 0.004
With others 2,768 441 16 (15 -17)
Missing 18 2 11 (1.4 -35)
Lives with HCW Yes 928 193 21 (18 -24) <0.001
No 2,060 262 13 (11 - 14)
Missing 54 9 17 (7.9 - 29)

* Calculated using the Chi-Square test
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_Table 2d. Prevalence of SARS-CoV-2 IgG antibodies by COVID-19 related characteristics, St James's

Hospital, PRECISE 1, October 2020

Participant characteristics Total SARS-CoV-2 IgG detected P-value*
N n % (95%
Cl)
Contact of a COVID-19 Yes 1,185 272 23 (21 - 25) <0.001
case No 1,847 190 10 (8.9-12)
Missing 10 2 20 (2.5 - 56)
Setting of close contact Contact at work 1,039 225 22 (19 -24) <0.001
Contact outside of work 146 47 32 (25 - 40)
Workplace exposure Daily contact with COVID- 510 108 21 (18 - 25) <0.001
19 patients
Daily contact with patients
with)c;ut COVID P 1,611 269 17 (15 -19)
No patients contact 918 87 9.5(7.7-12)
Previous COVID-19 like No symptoms 1,359 72 5.3(4.2-6.6) <0.001
symptoms Had symptoms 1,683 392 23 (21 - 25)
Previous COVID-19 PCR Yes 1,685 385 23 (21 - 25) <0.001
test No 1,353 79 5.8(4.6-7.2)
Previous positive COVID-  Yes 292 277 949(91.7-97.1) <0.001
19 PCR test No 2,746 187 6.8 (5.8-7.8)

* Calculated using the Chi-Square test
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Table 2e. Prevalence of SARS-CoV-2 IgG antibodies by participant characteristics, University Galway
Hospital, PRECISE 1, October 2020

Participant characteristics Total SARS-CoV-2 IgG detected P-value*
N n % (95% CI)
Age groups 18-29 622 29 4.7 (3.1-6.6) 0.002
30-39 786 47 6.0(4.4-17.9)
40-49 722 25 35(2.2-51)
50-59 469 7 1.5 (0.6 - 3.0)
Over 60 146 4 2.7 (0.8-6.9)
Sex Female 2,152 75 35(2.8-43) 0.003
Male 592 37 6.3 (4.4 -8.5)
Ethnicity Irish 2,182 80 3.7(29-45) 0.031
Any other white 284 18 6.3(3.8-9.8)
background
African and any other 48 1 2.1(0.1-11)
black background
Asian background 184 13 7.1(3.8-12)
Other 46 0 -
Country of birth* Ireland 2,091 82 3.9(3.1-438) 0.229
United Kingdom 192 7 3.7(15-7.4)
India 98 8 8.2 (3.6 -15)
Philippines 25 2 8.0 (1.0 - 26)
Poland 48 3 6.3(0.1-17)
USA 38 0 -
Other 253 10 4.0(1.9-7.2)
Education Primary 2 0 - 0.690
Secondary 264 8 3.0(1.3-5.9)
Third level 1,245 54 4.3(3.3-5.6)
Post-graduate 1,232 50 4.1(3.0-5.3)
Role Admin 349 4 1.2(3.1-29) <0.001
Medical/dental 522 36 6.9 (4.9-9.4)
Nursing/ midwifery 1,019 48 4.7(3.5-6.2)
Allied health 475 12 25(1.3-44)
General support 179 3 1.7 (0.3-4.8)
Health care assistant 129 8 6.2 (2.7 - 12)
Other 72 1 1.4 (0.1-7.5)
Lives with Alone 223 7 3.1(1.3-6.4) 0.658
With others 2,518 105 4.2 (3.4-5.0)
Missing 4 0 -
Lives with HCW Yes 839 41 4.9 (3.5-6.6) 0.354
No 1,859 70 3.8(3.0-4.7)
Missing 47 1 2.1(0.1-113)

* Calculated using the Chi-Square test or the Fisher exact test

158




Table 2f. Prevalence of SARS-CoV-2 IgG antibodies by COVID-19 related characteristics, University
Galway Hospital, PRECISE 1, October 2020

Participant characteristics Total SARS-CoV-2 IgG detected P-value*
N n % (95% CI)
Contact of a COVID-19 Yes 519 53 10 (7.7 - 13) <0.001
case No 2,224 59 2.7(2.0-34)
Missing 2 0 -
Setting of close contact Contact at work 456 44 9.7 (7.0-12.7) 0.255
Contact outside of work 63 9 14 (6.7 — 25.4)
Workplace exposure Daily contact with COVID- 392 28 7.1 (5.0 - 10) <0.001
19 patients
Daily contact with patients
Withzut CovID P 1,634 75 46 (3.7 5.7)
No patients contact 717 9 1.3(0.1-2.4)
Previous COVID-19 like No symptoms 1,517 20 1.3(0.8-2.0) <0.001
symptoms Had symptoms 1,228 92 75(6.1-9.1)
Previous COVID-19 PCR  Yes 1,093 89 8.1(6.6-9.9) <0.001
test No 1,650 23 1.4(0.9-2.1)
Previous positive COVID-  Yes 75 73 97.3(90.7 —99.7) <0.001
19 PCR test No 2,668 39 1.5(1.0-2.0)

* Calculated using the Chi-Square test or the Fisher exact test

159




Table 3a. Association between risk factors and the presence of SARS-CoV-2 IgG antibodies, Saint James’s Hospital, PRECISE 1, October 2020

Participant characteristics Unadjusted relative risk P-value Adjusted relative P-value
(95% CI) risk (95% ClI)
Age groups 18-29 1.5(1.2-2.0) 0.001 1.3(1.0-1.8) 0.029
30-39 1.1(0.8-1.5) 0.468 1.0 (0.7-1.3) 0.886
40-49 0.9(0.7-1.3) 0.718 0.9(0.7-1.2) 0.407
50-59 Ref.
Over 60 1.3(0.8-1.9) 0.289 1.3(0.9-1.9) 0.214
Sex Female Ref.
Male 1.1(0.9-1.3) 0.353 1.1(0.9-1.4) 0.318
Ethnicity Irish Ref.
Any other white background 1.2 (0.9-1.6) 0.168 1.2(0.9-1.5) 0.309
African and other black background 1.7 (1.1-2.7) 0.020 1.4(0.9-22) 0.137
Asian background 1.8(1.4-22) <0.001 1.3(1.0-1.6) 0.052
Other 0.9(0.5-1.9) 0.879 0.7 (0.3-1.5) 0.395
Country of birth Ireland Ref. Did not enter
India 1.7 (1.3-2.3) <0.001
Philippines 20(1.6-2.7) <0.001
United Kingdom 1.2(0.8-1.8) 0.272
Poland 22(1.2-41) 0.015
USA 1.0(0.4-2.9) 0.967
Other 1.2(0.9-1.6) 0.218
Education Primary 1.1(0.4-2.7) 0.872 Did not enter
Secondary 09(0.7-1.2) 0.558
Third level 1.3(1.1-15) 0.007
Post-graduate Ref.
Role Admin Ref.
Doctor\Dental 15(1.0-2.2) 0.032 1.0(0.7-1.5) 0.840
Nursing 21(16-29) <0.001 16(1.1-2.2) 0.013
HCA 2.8 (1.9-4.0) <0.001 2.0(1.3-3.0) 0.002
General support 1.2(0.8-1.9) 0.386 1.0 (0.6 —1.5) 0.870
Allied HCW 1.0(0.7-1.5) 0.909 0.9(0.6-1.3) 0.522
Other 1.1(0.5-2.8) 0.773 1.2 (0.5-2.6) 0.734
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Lives with Alone Ref.
With others 1.9(1.3-3.0) 0.002 1.6 (1.0-24) 0.037

Lives with HCW No Ref.
Yes 1.6(1.4-1.9) <0.001 1.6 (1.0-24) 0.037

Contact of a COVID-19 case No Ref. Did not enter
Yes 2.2(1.9-2.6) <0.001

Close contact at work ** No 15(1.1-1.9) 0.003 Did not enter
Yes Ref.

Workplace exposure to No patients contact Ref.

VID-1 i i i i i

CcoO 9 patients gg{% cDontact with patients without 1.8 (14— 22) <0.001 13(1.0-17) 0.0398
Daily contact with COVID-19 22 (1.7-29) <0.001 14 (1.0~ 1.9) 0.036
patients

Previous COVID-19 like No Ref Did not enter

symptoms '
Yes 4.4 (3.5-5.6) <0.001

**Calculated for close contacts of COVID-19 cases only (n=1,185)
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Table 3b. Association between risk factors and the presence of SARS-CoV-2 IgG antibodies, University Hospital Galway, PRECISE 1, October 2020

Participant characteristics Unadjusted relative risk P-value Adjusted relative risk P-value
(95% CI) (95% ClI)
Age groups 18-29 32(14-71) 0.006 2.7(1.2-6.2) 0.018
30-39 4.0(1.8-8.8) <0.001 3.5(1.6-7.6) 0.002
40-49 2.3(1.0-53) 0.047 2.0(1.0-5.0) 0.064
50-59 Ref.
Over 60 1.8 (0.5-6.2) 0.327 2.1(0.6-6.9) 0.241
Sex Female Ref.
Male 1.8(1.2-2.6) 0.003 1.9 (1.2-3.0) 0.005
Ethnicity Irish Ref.
Any other white background 1.7 (1.0-2.8) 0.031 1.6 (1.0-2.6) 0.072
African and other black background 0.6 (0.1-4.0) 0.570 0.4(0.1-2.5) 0.295
Asian background 19(1.1-34) 0.023 1.0(0.6-1.9) 0.921
Other no observation - - -
Country of birth Ireland Ref. Did not enter
India 21(1.0-42) 0.039
Philippines 20(05-7.8) 0.29
United Kingdom 0.9(0.4-2.0) 0.850
Poland 1.6 (0.5-4.9) 0.413
USA no observation -
Other 1.0(0.5-1.9) 0.981
Education Primary no observation - Did not enter
Secondary 0.7(0.4-1.6) 0.436
Third level 1.1 (0.7 - 1.6) 0.729
Post-graduate Ref.
Role Admin Ref.
Doctor\Dental 6.0(2.2-17) 0.001 2.4 (0.8-7.6) 0.126
Nursing 4.1(1.5-11) 0.006 2.2(0.7-6.7) 0.157
HCA 5.4 (1.7 - 14) 0.005 2.7(0.8—9.4) 0.122
General support 1.5(0.3-6.5) 0.616 0.6 (0.1-2.7) 0.445
Allied HCW 2.2(0.7-6.8) 0.168 1.4(0.4-4.4) 0.571
Other 1.2 (0.1-11) 0.863 0.6 (0.1-5.0) 0.607
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Lives with Alone Ref.

With others 1.3(0.6 -2.8) 0.460 1.0(0.5-22) 0.920

Lives with HCW No Ref.

Yes 1.3(0.9-1.9) 0.175 0.9 (0.6-1.4) 0.736

Contact of a COVID-19 case No Ref. Did not enter
Yes 3.9(2.7-5.5) <0.001

Close contact at work ** No 1.5(0.8—2.9) 0.249 Did not enter
Yes Ref.

Workplace exposure to No patients contact Ref.

COVID-19 patients gg{% cDontact with patients without 3.7 (1.8—73) <0.001 2.0 (0.9 4.4) 0.069
Daily contact with COVID-19 5.7 (2.7-12) <0.001 3.1(13-69) 0.009
patients

Previous COVID-19 like No Ref Did not enter

symptoms '

Yes 5.7 (3.5-9.2) <0.001

**Calculated for close contacts of COVID-19 cases only (n=519)
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Chapter 4

Appendix 4A Characteristics of participants tested, by serology assay, PRECISE 1, October 2020

Abbott SARS-CoV-2 I1gG Roche Anti- Wantai SARS- Total participants
SARS-CoV-2 CoV-2 Antibody
Total participants tested (n=5,788) (n=5,787) (n=485) (n=5,788)
n % n % n % n %
Age group 18-29 1350 23.3 1350 23.3 139 28.7 1350 23.3
(years) 30-39 1617 27.9 1617 27.9 139 28.7 1617 27.9
40-49 1516 26.2 1515 26.2 111 22.9 1516 26.2
50-59 1001 17.3 1001 17.3 68 14.0 1001 17.3
60+ 304 5.3 304 5.3 28 5.8 304 5.3
Sex Female 4478 77.4 4478 77.4 349 72.0 4478 77.4
Male 1309 22.6 1308 22.6 136 28.0 1309 22.6
Unknown 1 0.0 1 0.0 0 0.0 1 0.0
Ethnicity Irish 4444 76.8 4444 76.8 313 64.5 4444 76.8
Any other white background 552 9.5 551 9.5 54 11.1 552 9.5
Any Asian background 577 10.0 577 10.0 101 20.8 577 10.0
Any African or black background 113 2.0 113 2.0 13 2.7 113 2.0
Other 101 1.7 101 1.7 4 0.8 101 1.7
Unknown 1 0.0 1 0.0 0 0 1 0.0
Role Nursing/midwifery 2064 35.7 2064 35.7 230 47.4 2064 35.7
Allied health 1091 18.8 1091 18.9 57 11.8 1091 18.8
Medical/dental 983 17.0 982 17.0 93 19.2 983 17.0
Admin 803 13.9 803 13.9 33 6.8 803 13.9
General support 434 7.5 434 7.5 21 4.3 434 7.5
Health care assistant 286 4.9 286 4.9 45 9.3 286 4.9
Other 127 2.2 127 2.2 6 1.2 127 2.2
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Appendix 4B COVID-19 related characteristics of participants tested, by serology assay, PRECISE 1, October 2020

Abbott SARS-CoV-2  Roche Anti-SARS- Wantai SARS-CoV- Total participants
19G CoV-2 2 Antibody ELISA
Total participants tested (n=5,788) (n=5,787) (n = 485) (n=5,788)
n % n % n % n %
Close Yes 1705 29.5 1704 29.4 258 53.2 1705 29.5
contact with  No 4071 70.3 4071 70.3 225 46.4 4071 70.3
a case of Unknown 12 0.2 12 0.2 2 0.4 12 0.2
Main type of  Daily contact with known/suspected COVID-19 903 15.6 902 15.6 109 22.5 903 15.6
patient Daily contact with patients without COVID-19 3245 56.1 3245 56.1 299 61.6 3245 56.1
contact* No patient contact 1635 28.2 1635 28.3 77 15.9 1635 28.2
Unknown 5 0.1 5 0.1 0 0.0 5 0.1
Previous No symptoms 2869 49.6 2868 49.6 102 21.0 2869 49.6
COVID-19 Had symptoms 2911 50.3 2911 50.3 381 78.6 2911 50.3
symptoms Unknown 8 0.1 8 0.1 2 0.4 8 0.1
Severity of Minor symptoms 2159 74.2 2159 74.2 193 50.7 2159 74.2
symptoms Significant symptoms 701 24.1 701 24.1 161 42.3 701 24.1
Severe symptoms (hospitalised) 51 1.8 51 1.8 27 7.1 51 1.8

Previous Yes 2779 48.0 2778 48.0 380 78.4 2779 48.0
COVID-19 No 3003 51.9 3003 51.9 105 21.6 3003 51.9
PCR test Unknown 6 0.1 6 0.1 0 0.0 6 0.1
Previous Yes 367 6.3 367 6.3 259 53.4 367 6.3
positive No 5415 93.6 5414 93.6 226 46.6 5415 93.6
COVID-19 Unknown 6 0.1 6 0.1 0 0.0 6 0.1

*Participants were asked which one describes MOST of their current work
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Appendix 4C Characteristics of participants who had a previously PCR-confirmed infection and were
negative by serology testing (n=17), PRECISE 1, October 2020

N %
Total 17
Age group 18-29 5 29.4
30-39 4 23.5
40-49 4 23.5
50-59 4 23.5
60+ 0 0.0
Sex Female 14 82.4
Male 3 17.6
Ethnicity Irish 16 94.1
Any other white background 1 5.9
Role Nursing/midwifery 7 41.2
Medical/dental 4 23.5
Admin 1 5.9
Allied health 2 11.8
Healthcare assistant 2 11.8
General support 1 5.9
Close contact witha  Yes 7 41.2
case of COVID-19 No 10 58.8
Main type of contact Daily contact with 3 17.6
with COVID-19 Daily contact with patients without 11 64.7
patients No patient contact 3 17.6
Previous COVID-19 No symptoms 2 11.8
symptoms Had symptoms 15 88.2
Severity of Minor symptoms 7 46.7
symptoms Significant symptoms 8 53.3
Severe symptoms (hospitalised) 0 0.0
Number of months Less than one month 1 5.9
since positive PCR Five months 1 5.9
test Six months 15 88.2
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Appendix 4D Characteristics of participants who had a previously PCR-confirmed infection and their test

results on Abbott SARS-CoV-2 1gG (n=367), PRECISE 1, October 2020

All Grayzone  Positiv  Negati
Total (n) 367 93 15 12

n % n % n % n %
Age 18-29 111 30.2 32 34 38 25 41 33
group  30-39 108 29.4 29 31 36 24 43 34
40-49 79 215 20 21 42 28 17 13
50-59 50 13.6 5 5. 26 17 19 15

60+ 19 5.2 7 7. 8 5 4 3
Sex Female 269 73.3 68 73 99 66 10 82
Male 98 26.7 25 26 51 34 22 17
Ethni  Irish 237 64.6 64 68 79 52 94 75
city Any other white background 44 12.0 9 9. 23 15 12 9.
Any Asian background 72 19.6 16 17 42 28 14 11

Any African or black background 10 2.7 3 3. 5 3 2 1

Other 4 1.1 1 1. 1 0. 2 1L
Role Nursing/midwifery 181 49.3 57 61 69 46 55 44
Allied health 42 11.4 8 8. 15 10 19 15
Medical/dental 73 19.9 11 11 33 22 29 23
Administration 24 6.5 6 6. 9 6. 9 7.

General support 12 3.3 2 2. 5 3. 5 4

Health care assistant 32 8.7 8 8. 19 12 5 4

Other 3 0.8 1 1. 0 0 2 1
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Appendix 4E COVID-19 related characteristics of participants who had a previously PCR-confirmed
infection and their test results on Abbott SARS-CoV-2 IgG (n=367), PRECISE 1, October 2020

All Grayzon Positive Negativ

Total (n) 367 150 124
n % n % n % n %
Close Yes 21 57. 56 60. 90 60. 65 52
contact with  No 15 42. 37 39. 58 38. 59 47.
a case of Unknown 2 05 0 00 2 13 0 00
Main type Daily contact with known/suspected 88 24, 22 23. 40 26. 26 21
of patient Daily contact with patients without 21 59. 56 60. 88 58. 74 K9.
contact™ No patient contact 61 16. 15 16. 22 14. 24 19.
Symptoms No symptoms 7 19 1 11 3 20 3 24
at time of Had symptoms 35 97. 92 98. 145 96. 12 97.
previous Unknown 2 05 0 00 2 13 0 0.0
Severity of Minor symptoms 15 41. 38 43. 51 35 62 51
symptoms Significant symptoms 17 48. 48 54, 75 51. 55 45
Severe symptoms (hospitalised) 29 79 6 68 19 13. 4 33
Number of Less than one month 8 22 1 11 6 40 1 08
months One month 8 22 0 00 8 53 0 0.0
since Two months 4 11 0 0.0 4 27 0 0.0
positive Three months 1 03 0 00 1 07 0 00
PCR test Four months 12 33 2 22 10 67 0 00
Five months 85 23. 28 30. 34 22. 23 18
Six months 22 60. 54 58 77 51. 91 73
Seven months 25 68 8 86 8 53 9 73
Unknown 2 05 0 00 2 13 0 00
Number of Less than one month 5 15 1 11 3 22 1 09
months One month 8 24 0 0.0 8 58 0 0.0
since onset  Two months 3 09 0 00 3 22 0 00
of Three months 1 03 0 00 1 07 0 00
symptoms** ~Eoyr months 12 35 2 23 10 72 0 0.0
Five months 78 22. 25 28. 32 23. 21 18
Six months 21 61. 52 59. 73 52. 85 74,
Seven months 23 6.8 8 9.1 8 58 7 6.1

*Participants were asked which one describes MOST of their current work ** excludes 27 participants who

were not symptomatic at the time of their positive PCR test
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Appendix 4F Factors associated with Abbott SARS-CoV-2 1gG seronegativity, among participants who had
a previously PCR-confirmed infection, including those who had a grayzone result (n=367), PRECISE 1,
October 2020

Neg Neg Unadj 9% P- | Adj 95% P-
ativ  ativ | usted Cl valu  uste Cl valu

a a ND oy A a
Total 124  33.8
Age 18-29 41  36.9 * *
group 30-39 43 398 @ 1.13 0.66- 0. 096 051- 0.89
40-49 17 215 047 024—- 0. 044 021- 0.03
50-59 19 380 1.05 052- 0. 105 047- 0.89
60+ 4 21.1 | 0.46 0.12— 0. 032 0.08- 0.09
Sex Female 102 37.9 * *
Male 22 224 . 047 028- 0. 038 021- 0.00
Ethnicity  Irish 94  39.7 * *
Any other white 12 273 057 027- 0. 064 029- 027
Any Asian 14 194  0.37 0.19- 0. 041 019- 0.01
Any African/black 2 20.0 | 0.38 005- 0. 048 0.07- 0.39
Other 2 50.0 | 1.52 0.18—- 0. 153 0.15- 0.70
Close Yes 65 308 0.72 046- 0. 067 04- 0.12
contact No 59  38.3 * *
Main No patient contact 24  39.3 * *
type of Daily contact non- 74 33.9 @ 0.79 044—- 0. 078 04- 0.48
patient Daily contact 26 295 | 0.65 021- 0. 084 038- 0.67
Severity No symptoms 3 429 @ 1.08 021- 0.1.07 0.17- 094
of Minor symptoms 62 411 * *
symptom  Significant 55 309  0.64 041- 0. 058 0.34- 0.03
§** Severe symptoms 4 138 023 006- 0. 026 0.07- 0.02

HCW Administration 9 37.5 * not entered
Role Allied health care 19 452  1.38 049- 0.

General Support 5 417 ¢ 1.19 0.28— 0.

Healthcare assistant 5 15,6 | 0.31 0.08- 0.

Medical/Dental 29 397  1.10 0.43- 0.

Nursing/midwifery 55 304 0.73 031- 0.

Other 2 66.7 | 3.33 0.28— 0.
Number Less than one month 1 12.5 NA NA N 023 0.01- 0.20
of months  One month 0 0.0 NA NA N | NA NA NA
since Two months 0 0.0 NA NA N | NA NA NA
PCR Three months 0 00 NA NA N NA NA NA
positive Four months 0 0.0 NA NA N | NA NA NA
test** Five months 23 271 * *

Six months 91 410  1.87 1.09- 0. 195 1.07- 0.03

NN R (PO oW R |INWR[BRINN RPNV [o| RN AR NN O|N RO NRP R~ =D

Seven months 9 36.0 @ 152 057- 0. 207 072- 0.17
*reference category
P-value calculated using the chi-square test

**Excludes two unknowns

AParticipants were asked which type of patient contact describes MOST of their current work (excludes five
unknowns)
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Table 5A Response rate by HCW type, PRECISE 2, April 2021

HCW role

Admin
Medical/dental
Nursing/ midwifery
Allied health
General support
Health care assistant
Other

Total

St James's Hospital
response rate

N
693
621

1802
742
412
422

4692

n %
403 58%
357 57%
1097 61%
612 82%
243 59%
179 42%

54
2945  63%

University Hospital
Galway response Rate

N
639
814

1689
648
240
316

4346

n %
273 43%
356 44%
794 47%
432 67%
122 51%
112 35%

51
2140  49%

Combined response

1332
1435
3491
1390
652
738

9038

rate

676
713
1,891
1,044
365
291
105
5085

%
51%
50%
54%
75%
56%
39%

56%

Table 5B Comparison of all staff and study participants in St James’s Hospital by healthcare

worker role, PRECISE 2, April 2021

HCW role

Admin
Medical/dental
Nursing/ midwifery
Allied health
General support
Health care assistant
Other

Total

St James's Hospital

all staff
N %

693 15%
621 13%
1802 38%
742 16%
412 8.8%
422 9.0%
4692 100%

St James’s Hospital
response
study participants

403
357
1097
612
243
179
54
2945

%
14%
12%
37%
21%
8.3%
6.1%
1.8%
100%

Difference
n %
290 -1.1%
264 -1.1%
705 -1.2%
130 5.0%
169 -0.5%
243 -2.9%
1747 -

Table 5C Comparison of all staff and study participants in University Hospital Galway by
healthcare worker role, PRECISE 2, April 2021

HCW role

Admin
Medical/dental
Nursing/ midwifery
Allied health
General support
Health care assistant
Other

Total

University Hospital
Galway all staff

639
814
1689
648
240
316

4364

%
15%
19%
39%
15%
5.5%
7.2%

100%

170

University Hospital
Galway response
study participants

n
273
356
794
432
122
112

51
2140

%
13%
17%
37%
20%
5.7%
5.2%
2.4%

100%

Difference
n %

366 -1.9%
458 -2.0%
895 -1.6%
216 5.3%
118 0.2%
204 -2.0%
2224 -



Table 5D Comparison of all staff and study participants by healthcare worker role, PRECISE 2,
April 2021

HCW role All invited staff All study participants Difference

N % n % n %
Admin 1332 15% 676 13% 656 -1.5%
Medical/dental 1435 16% 713 14% 722 -1.9%
Nursing/ midwifery 3491 39% 1,891 37% 1600 -1.5%
Allied health 1390 15% 1,044 21% 346 5.1%
General support 652 7.2% 365 7.2% 287 0.0%
Health care assistant 738 8.2% 291 5.7% 447 -2.5%
Other - 105 2.1% - -
Total 9028 100% 5085 100% 3943 -
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Table 5E Characteristics of HCW with SARS-CoV-2 seropositivity (n=898), by hospital,

PRECISE 2, April 2021

Participant characteristics

Overall

Median age (IQR)

Age groups
(years)

Sex

Ethnicity

Country of
birth

Education

Role

Lives with

Lives with
HCW

Daily
contact with
COVID-19
patients

18-29

30-39

40-49

50-59

Over 60

Female

Male

Irish

Any other white background
Asian background
African/other black background
Other

Ireland

United Kingdom
India

Philippines

Poland

USA

Romania

Nigeria

Other

Primary

Secondary

Third level
Post-graduate
Admin
Medical/dental
Nursing/ midwifery
Allied health
General support
Health care assistant
Other

Alone

With others

Missing

Yes

No

Missing

Contact with COVID-19 patients

Contact with patients without
COVID-19

No patient contact

St James's
Hospital
Dublin
n %
623 21%
39 (29-49)
159 26%
154 25%
157 25%
119 19%
34 5.5%
471 76%
152 24%
401 64%
56 9.0%
122 20%
29 4.7%
15 2.4%
386 62%
25 4.0%
60 10%
53 8.5%
8 1.3%
4 0.6%
12 1.9%
18 2.9%
57 9.1%
7 1.1%
105 17%
301 48%
210 34%
64 10%
55 8.8%
281 45%
89 14%
60 10%
70 11%
4 0.6%
42 6.7%
578  92.8%
3 0.5%
234 38%
376 60%
13 2.1%
196 31%
293 47%
134 22%

172

University
Hospital
Galway

n %
275 13%
35 (27-44)
90 33%
84 31%
51 19%
39 14%
11 4.0%
198 72%
77 28%
194 71%
38 14%
26 9.5%
10 3.6%
7 2.5%
181 66%
19 6.9%
16 5.8%
1 0.4%
12 4.4%
7 2.5%
3 1.1%
1 0.4%
35 13%
0 0.0%
28 10%
133 48%
114 41%
21 7.6%
61 22%
114 41%
29 11%
21 7.6%
23 8.4%
6 2.2%
19 6.9%
256 93%
0 0.0%
106 39%
164 60%
5 1.8%
69 25%
170 62%
36 13%

Both
Hospitals
n %
898 18%
38 (29-48)
249 28%
238 27%
208 23%
158 18%
45 5.0%
669 74%
229 26%
595 66%
94 10%
148 16%
39 4.3%
22 2.4%
567 63%
44 4.9%
76 8.5%
54 6.0%
20 2.2%
11 1.2%
15 1.7%
19 2.1%
92 10%
7 0.8%
133 15%
434  48%
324  36%
85 9.5%
116 13%
395  44%
118 13%
81 9.0%
93 10%
10 1.1%
61 6.8%
834  92.9%
3 0.3%
340  38%
540 60%
18 2.0%
265  30%
463 52%
170 19%



Previous
COVID-19
symptoms

Severity of
symptoms

Previous
positive
COVID-19
PCR test

Symptoms
at time of
previous
positive
PCR test
Severity of
symptoms at
time of PCR
test

No symptoms

Had symptoms
Missing

No symptoms

Mild symptoms
Significant symptoms

Severe (hospitalised)
Missing

No

Yes

No
Yes

No symptoms

Mild symptoms
Significant symptoms
Severe (hospitalised)
Missing

121

502

121
228
262

12

190
433

51
382

51
143
227

12

173

19%

81%
0.0%
19%
37%
42%

1.9%
0.0%
30%
70%

12%
88%

12%
33%
52%
2.8%
0.0%

48

227

48
107
102

18

45
230

36
194

36
83
93
18

17%

83%
0.0%
17%
39%
37%

6.5%
0.0%
16%
84%

16%
84%

16%
36%
40%
7.8%
0.0%

169

729

169
335
364

30

235
663

87
576

87
226
320

30

19%

81%
0.0%
19%
37%
41%

3.3%
0.0%
26%
74%

13%
87%

13%
34%
48%
4.5%
0.0%



Table 13e Prevalence of SARS-CoV-2 seropositivity by participant characteristics, both hospitals,
PRECISE 2, April 2021

Overall
Hospital

Age groups
(years)

Sex

Ethnicity

Country of
birth

Education

Role

Lives with

Lives with
HCW

Participant characteristics

St James’s Hospital
University Hospital Galway
18-29

30-39

40-49

50-59

Over 60

Female

Male

Irish

Any other white background
Asian background
African or any other black background
Other

Ireland

United Kingdom
India

Philippines

Poland

USA

Romania

Nigeria

Other

Primary

Secondary

Third level
Post-graduate
Admin
Medical/dental
Nursing/ midwifery
Allied health
General support
Health care assistant
Other

Alone

With others

Missing

Yes

No

Missing

*Calculated using the chi-square test

174

Total

5085
2,945
2,140
1108
1330
1414
951
282
3,959
1,126
3,798
476
599
117
95
3,630
295
293
214
85
55
45
35
433
22
609
2,244
2,210
676
713
1,891
1,044
365
291
105
464
4,610
11
1,571
3412
102

SARS-CoV-2 seropositive

n
898
623
275
249
238
208
158
45
669
229
595
94
148
39
22
567
44
76
54
20
11
15
19
92

133
434
324
85
116
395
118
81
93
10
61
834

340
540
18

% (95% CI)
18 (17 - 19)
21 (20 - 23)
13 (11 - 14)
22 (20 - 25)
18 (16 - 20)
15 (13 - 17)
17 (14 - 19)
16 (12 - 21)
17 (16 - 18)
20 (18 - 23)
16 (15 - 17)
20 (16 - 24)
25 (21 - 28)
33 (25 - 43)
23 (15 - 33)
16 (14 - 17)
15 (11 - 20)
26 (21 - 31)
25 (20 - 32)
24 (15 - 34)
20 (10 - 33)
33 (20 - 49)
54 (31-71)
21 (17 - 25)
32 (14 - 55)
22 (19 - 25)
19 (18 - 21)
15 (13 - 16)
13 (10 - 15)
16 (14 - 19)
21 (19 - 23)
11 (9.4 - 13)
22 (18 - 27)
32 (27 - 38)
10 (4.7 - 17)
13 (10 - 17)
18 (17 - 19)
27 (6.0 - 61)
22 (20 - 24)
16 (16 - 17)
18 (11 - 26)

p-value*
<0.001

<0.001

0.008

<0.001

<0.001

<0.001

<0.001

0.008

<0.001



Table 13f Prevalence of SARS-CoV-2 seropositivity by COVID-19 related characteristics, both
hospitals, PRECISE 2, April 2021

COVID-19 related characteristics Total SARS-CoV-2 seropositive
N n % (95% Cl) p-

Daily contact Contact with COVID-19 patients 1136 265 23 (21 - 26) <0.001
with Contact with patients without COVID-19 2,500 463 19 (17 - 20)
COVID-19 No patient contact 1,449 170 12 (10-14)
Previous No symptoms 2913 169 58(5.0-6.7) <0.001
COVID-19 Had symptoms 2171 729  34(32-36)
symptoms Missing 1 0 -
Severity of No symptoms 2913 169 5.8(5.0-6.7) <0.001
symptoms Mild symptoms 1502 335 22 (20 - 24)

Significant symptoms 621 364 59 (55 - 63)

Severe (hospitalised) 47 30 64 (49 - 77)

Missing 1 0 -
Previous No 4273 235 55(4.8-6.2) <0.001
positive Yes 812 663 82 (79 - 84)
COVID-19
PCR test
Symptomsat No 172 87 51 (43 - 58) <0.001
time of Yes 640 576 90.0 (87 -
previous 92.2)
positive PCR
test
Severity of No symptoms 172 87 51 (43 - 58) <0.001
symptoms at  Mild symptoms 256 226 88 (84-92.0)
time of PCR  sjgnificant symptoms 351 320 91.2 (88 -
test Severe (hospitalised) 32 30 93.8 (79 -

Missing 1 0 -

*Calculated using the chi-square test

Table 13g Prevalence of SARS-CoV-2 seropositivity for general support staff, by role and
hospital, PRECISE 2, April 2021

Role St James's Hospital University Hospital Both hospitals
Galway
Total Seropositive Total  Seropositive Total  Seropositive
N n % N n % N n %

Domestic/ Cleaning 62 15 24% 45 9 20% 107 24 22%
Catering 83 23 28% 18 5 28% 101 28 28%
Maintenance 27 6 22% 24 1 4.2% 51 7 14%
Security 33 6 18% 14 3 21% 47 9 19%
Porter 20 6 30% 13 1 7.7% 33 7 21%
Chaplain 11 3 27% 2 0 0.0% 13 3 23%
Other 7 1 14% 0 0 - 7 1 14%
Driver 0 0 - 6 2 33% 6 2 33%
Total 243 60 25% 122 21 17% 365 81 22%
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Table 13h Prevalence of asymptomatic SARS-CoV-2 infection, by hospital location and ethnicity,
PRECISE 2, April 2021

Total Asymptomatic SARS-CoV-2 infection
seropositive

N n % (95% CI) p-value*

St James's Total 623 121 19 (16 - 23) 0.009
Hospital Irish 401 82 20 (17 - 25)

Other white background 56 13 23 (13 - 36)

Asian 122 13 11 (5.8-18)

African or other black 29 11 38 (21 - 58)

Other 15 2 13 (1.7 - 40)
Galway University Total 275 48 17 (13 - 22) 0.531
Hospital Irish 194 35 18 (13 - 24)

Other white background 38 5 13 (4.4 - 28)

Asian 26 5 19 (6.6 - 39)

African or other black 10 3 30 (6.7 - 65)

Other 7 0 -
Both hospitals Total 898 169 19 (16 - 22) 0.010

Irish 595 117 20 (17 - 23)

Other white background 94 18 19 (12 - 29)

Asian 148 18 12 (7.4 - 19)

African or other black 39 14 36 (21 - 53)

Other 22 2 9.1(1.1-29)

*Calculated using the Chi-square test
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Table 13i Undiagnosed SARS-CoV-2 infection, by HCW role and hospital location, PRECISE 2, April 2021

Admin
Medical/dental

Nursing/ midwifery

Allied health
General support

Health care assistant

Other
Total

St James's Hospital

n % n
19 10% 5
12 6.3% 8
79 42% 19
32 17% 6
22 12% 4
26 14% 2
0 0.0% 1

190 100% 45

Galway

University Hospital

%
11%
18%
42%
13%
8.8%

4.4%
2.2%
100%

Both hospitals

n %
24 10%
20 8.5%
98 42%
38 16%
26 11%
28 12%

1 0.4%

235 100%

Table 5F. Characteristics of fully vaccinated participants with PCR confirmed infection i.e., vaccine
breakthrough cases, both hospitals (n=23), PRECISE 2, April 2021

Hospital

Age groups

Sex

Ethnicity

Country of birth

Education

Participant characteristics

St James's Hospital
University Hospital Galway
18-29

30-39

40-49

50-59

>60

Female

Male

Irish

Any other white background
Asian background

African or other black background
Other

Ireland

United Kingdom

India

Philippines

Poland

USA

Other

Primary

Secondary

Third level

177

PCR positive >14 days
after second vaccine dose

NO OO R M~hMO

[N
[N

(N=23)

%
78%
22%
8.7%
26%
35%
22%
8.7%
65%
35%
52%
4.3%
35%
8.7%
0.0%
52%
0.0%
17%
17%
4.3%
0.0%
0.0%
0.0%
8.7%
48%



Role

Workplace exposure to
COVID-19 patients

Lives with

Lives with HCW
Vaccine type

Symptoms at the time of
positive PCR test

Post-graduate

Admin

Medical/dental

Nursing/ midwifery

Allied health

General support

Health care assistant

Other

No patient contact

Daily contact with COVID-19 patients
Daily contact with patients without COVID-19
Alone

With others

Missing

Yes

No

Pfizer

Other

Yes

No

43%

0.0%
0.0%
43%

22%

8.7%
17%

8.7%
8.7%
39%

52%

4.3%
96%

0.0%
57%

43%
100%
0.0%
22%

78%

Table 6A Characteristics of participants who took part in both PRECISE 1 (October 2020) and PRECISE 2

(April 2021)

Participant characteristics*

Total (N=3,313)

N %

Age group 18-29 633 19
30-39 856 26

40-49 967 29

50-59 664 20

>60 193 5.8

Sex Female 2,625 79
Male 688 21

Ethnicity Irish 2,615 79
Any other white background 287 8.7

Any Asian background 314 9.5

Any African or black background 59 1.8

Other 38 1.1

Country of birth Ireland 2487 75
United Kingdom 222 6.7

India 154 4.6

Philippines 112 3.4
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Poland 48 1.4

USA 33 1.0
Other 257 7.8
Education Primary 11 0.3
Secondary 373 11
Third level 1407 42
Post-graduate 1522 46
Role Admin 450 14
Medical/dental 422 13
Nursing/ midwifery 1265 38
Allied health 740 22
General support 214 6.5
Health care assistant 149 4.5
Other 73 2.2
Lives with Alone 296 8.9
With others 3,013 90.9
Missing 4 0.1
Lives with HCW Yes 986 30
No 2,259 68
Missing 68 2.1
Daily contact with COVID- Contact with COVID-19 patients 489 15
19 patients Contact with patients without COVID-19 1,820 55
No patient contact 1,004 30

*based on answers given in the first phase
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Table 6B Characteristics of matched participants who seroconverted between PRECISE 1 (October 2020) and
PRECISE 2 (April 2021)

Participant characteristics Total (N=235)
N %
Age groups 18-29 63 27
30-39 59 25
40-49 59 25
50-59 40 17
>60 14 6.0
Sex Female 187 80
Male 48 20
Ethnicity Irish 181 77
Any other white background 18 7.7
Any Asian background 20 8.5
Any African or black background 6 2.6
Other 10 4.3
Country of birth Ireland 173 74
United Kingdom 11 4.7
India 12 5.1
Philippines 5 2.1
Poland 5 2.1
USA 2 0.9
Other 27 11
Education Primary 2 0.9
Secondary 40 17
Third level 122 52
Post-graduate 71 30
Role Admin 27 11
Medical/dental 22 9.4
Nursing/ midwifery 107 46
Allied health 29 12
General support 22 94
Health care assistant 24 10
Other 4 1.7
Lives with Alone 14 6.0
With others 221 94
Lives with HCW Yes 92 39
No 141 60
Missing 2 0.9
Daily contact with COVID- Contact with COVID-19 patients 43 18
19 patients Contact with patients without COVID-19 144 61
No patient contact 48 20

*based on answers given in the PRECISE 1
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Appendix 2.1 Allen N et al. Epidemiology and Infection (2021)
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Abstract

Hospital healthcare workers (HCWs) are at increased risk of contracting COVID- 19 infection.
We aimed to determine the seroprevalence of severe aoate respiratary syndrome coronavirus 2
{SARS-CoY'-2) antibodies in HCWs in Ireland. Two tertiary referral bospitals in Irish cities
with diverging community incidence and seroprevalence were identified; COVID-1% had
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2020). All staff of both hospitals (V= 90%8) were invited to participate in an online goestion-
maire and blood sampling for SARS-CoV¥'-2 antbody testing. Frequencies and perc for
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pant characteristics were calculated using multivariable regression analysis. In total, 5TES
HCWs participated {64% resp rabe). Serop lence of antthodies to SARS-CoV-1 was
15% and 4.1% in hospitals 1 and 2, respectively. Thirty-nine percent of infections were pre-
vinusly Risk for seropositivity was higher for healthcare assistants (altR 2.0, 95%
confidence interval (C1) 1.4-3.0), merses (aBR: 16, 95% (1 1.1-22), daily exposure to patients
with COWID- 19 (afR: 1.6, 95% CI 1.2-2.1), age 18-29 years (aRtR: 1.4, 95% CI 1.1-1.9], Eving
with other HCWs (aRB: 1.3, 85% CI L.1-15), Asian background (aRE: 1.3, 5% CI 1.0-1.6)
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and consideration of screening in asymptomatic HCWs. With emerging evidence of reduction
in transmission fram vaccinabed individuals, the authors strongly endorse rapid vaccination of
all HOWs.
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Background

Healthcare workers (HCWs), and those they live with, are at
imcreased risk of contracting COVID-19 viral infection [1-3].
Raised antibody levels to severe acute respiratory syndrome cor-
omaviros 2 (SARS-CoV-2) are an excellent indicator of
COVID-19 infection [4). To date there are no published literature
on the seroprevalence of antibodies to SARS-CoV-2 infection in
Irish HOW s, bat it is known from surveillance data that a I‘u.gh
proportion of the QOVID-19 cases motified were HOWs [5].
Understanding the transmission and potential immuonity dyoam-
ics of SARS-CoV-2 in hospitals in Ireland is key bnn:m'rl:l\nuingtHs
pandemic at national and hospital levels and adds valoable indor-
mation to the growing evidence based on the transmission pat-
terns af COVID-19 am HCW=.

Hospital 1 is a tertiary referral hospital in the south imner city
aof Dublin, the capital city of Ireland [ population 1.2 million) and
has almnst 4700 employees and just over 1000 beds. From March
o May 2020 (first wave of the pandemic in Ireland [6]) 9.6% of
the staff of Hospital 1 tested positive for SARS-CoV-2 infection
¥ia pnh'menu chain reaction (PCE), and by the start of
chnb-ﬂ'tlh:mnnl’ﬂummndmnfﬂupuﬂemxm
Ireland [6]) 10.2% of staff had tested positive by PCR. Hospital
1 is a comparable tertiary referral hospital with almost 4400
employees and over 500 beds, located in Galway, in the West of
Ireland (population S0000); 18% of s HCOWs had a
PCR-confirmed infection at some stage during the time period
from March to May 2020 and this remained at 1.8% until the
start af October 2020, Hospital 1 is one of the largest acute hos-
pitals in Dushlin city; bospatal 2 & the main acute hespital serving
the city af Galway. Both haspitals received patients with COVID-13
infection throughowt the frst wave of the pandemic in Ireland, and
breakdown by ward and specialty is similar. The commumnity inci-
dence of COVID-19 infection in County Galway was :ig;uiﬁnml]f
lower than that in County Dublin during this time period, which
cowered the first wave of the pandemic in Ireland and the start of
the zecond wave [6]. The community seroprevalence was also sig-
nificantly lower in the West of Ireland as compared with the
Dishlin area; community seroprevalence was 3.1% for hospital 1
and 0.6% for hospital 2 in Jane 2020 7, 8).

The purpose of the study was to determine the prevalence of
anti-SARS-CoV-2 antibodies in HCWs in these two hospitals
with diverging community amd healthcare mtes of infection to
improve the nn:lusucrﬂing-nf HCWs' risk factors (dem
living arrangements and work-related risks) for SARS-CoV-2
infection and to inform risk reduction activities and help health
services to prepare for further waves of the pandemic. The
study will be repeated in April 2021 1o assess changes in overall
seroprevalence, changes in individual serostatus over time and
antibody respanse to COVID- 19 vaccination

Methads

Study design

This is a cross-sectional study of the seroprevalence of circalating
antibodies to SARS-CoV-2, carried owt from 14th to 23rd October
3020 All staff members of both hospitals were invited to partici-
pate in an online self-administered consent process and online
questinnaire, followed by blood sampling for SARS-CoV.2 anti-
body testing. Electronic consent and pabient reported outcomes
were captured using Castor; an eClinical platorm that enables

hira o crg M0 10T TSR0 B 1 000RH Pubished online by Cambndge Unnsenity Press
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decentralised dinical trials [#]. Technical support and walk-in
phlebotomy clinics were pn:rml-ud. for p:.rllu:pu.nu who had diffi-
culty with the online ot dlected in the
guestionnaire included d.ﬂ:n.n |'|cu: information, contact details,
place and type of work, level of contact with patients, previows
COVID-19 symptoms and history of dose contact with
a confirmed case of COVID-19 and li\':inn; arrangements. Elnad
Hn'l]ﬂu were processed anonymously. All samples were tested on
twa testing platforms: the Abbott Architect SARS-CoV-2 immunao-
jnbnlm (Igl- assay and the Roche Elecsys anti-SARS-CoV-2
immunoasay [10-12]. Samples with an index result in the
Abbott manufacturer's suggested positive and grevzone underwent
additional testing i the Nﬂiﬂl:;’:] Virus Reference Labomatory
(MNWEL) wsing the Wantai SARS-CoV-2 AE ELISA distributed by
Fortress Diagnostics | 13]. A positive result on amy of the three assays
was considered a positive result. Results were discussed in person
with any participant who requested this.

Stotistical analysic

Frequencies and percentages were cakoulated for socio-demographic,
epidemiclogical and climical charactenstics, incleding antibody
results. Characteristics of those with a positive SARS-CoV -2 anti-
body result were compared to those with undetectable antibody,
wsing the chi-square test. Univariate logistic regression was nsed
to calculate relative risks along with their 95% confidence inber-
vals {Cls) to assess the association between SARS-CoV-2 antibody
result and characteristics of the stody participants. Multivariahle
regression anahysis was conducted to controd for negative and posi-
tive confounding and to calculate adjusted relative risks (aRR). No
explicit finite population correction or reweighting was carried
oat. All amﬂlwu were conducted in Stata 16 (StataCorp, 209,
m*eshﬁmrhu.ﬂmﬂﬁl.m{ﬂmrmm.
wwrw B -progect.ong).

Results

Participation rates and demogrophics

All sl.al:fwl'.ing in bath hospitals (9038 people) were invited to
participate in the study, In hospitals 1 and 2, 65% (3042/4692)
and 63% (2745/4395) of staff participated in both guestionnaire
and blood sample, respectively.

The sodio-demographic characteristics of participants were
similar in both hospitals. Seventy-seven percent were female,
with a median age of 35 years (IR 3004-48.9); 5.1% vnfp:.rlici-
pants were 60 years of age. Rzﬂ;n:ling ethmicity, 77% of partid-
pants were white Irish, 10% Asian (13% in hospital 1 and 7% in
hospital 1), 9.5% other white background (majority born in
Poland, USA and UK) and 2% Afrcan or any other black back-
ground. Minety-cne percent of participants live with others, and
31% live with other HCWs. The majority (36%) of participants
mnmﬁuﬁmﬁlﬁﬁwmﬂlﬁd}uﬂhmuﬂ.lm med-
ical/dental staff, 13% administration staff, 7.5% general suppart
staff, 5% healthcare assisants (HCAs) and 2% other HOWSs,
btmlﬂgrrdecﬁnﬁlhel‘[f‘l'n’hﬂlﬂ.numn&lh: hospital staff
(Table 1j. Participation mates amang staff ings were also
similar in both hospitals; ourses and HCA were slightly under-
represented at 59% and 39% uptake respectively. In all other
groups participation rates weze above 60%.
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Previous testing and COVID-19-ralated eharocteristics of tha
participants

Haspital 1 staff had a higher percentage of previously confirmed
COVID-19 infection; 9.6% of participants reparted having tested
positive at some stage by PCR compared to 2.7% of participants in
hospital T (Table 1). Takle 21 highlights the COVID- 19-related
chamcteristics of the participants by hospital.

Seroprevalence of antibodies fo SARS-Col-2

In hospital 1, the overall seroprevalence of antibodies to
SARS-COV-2 was 15% (464/3042). Regarding the level of patient
contact, the seroprevalence was 21% (108/510) in participants
reposting dadly contact with patients with known or suspected
COVID-19 infection (we defined this as the high-risk groop),
17% (26571611} in those who reported daily comtact with patients
without known or suspected COVID-19 infection {intermediate-
risk group) and 9.5% (87/918) in thowe who reported little or no
patient contact (low-risk groop). In bospital 1, the ovenll sero-
prevalence of antibodies to SARS-00V-2 was 4.0% (11273745);
7.1% (28/392) in the high-risk group; 46% (T3/1634) in the
intermediate-risk group and 1.3% (9717) in the Jow-risk group.

When boaking at seroprevalence by role, the combined data for
both hospitals showed the highest seroprevalence in HCAs, with
18% of those participating in the study having detectable anb-
bodies. This was followed by nurses at 13% and medical/dental
staff at lIJ'%..ThrEnupwhh the lowest seroprevalence was the
administration statf at &% Figure | shows the proportion of
each staff group with detectable antibodies by hospital.

SARS-Col-2 antibody and previows disgnesis and symploms

Minety-five percent (330/367) of those who had previously con-
firmed infection by PCE had detectable antihodies. In togal,
I2T/576 (39%) of those with positive antibodies had not previ-
ously been diagnosed with OOVID- 19 infection; this represented
3.9% of all participants. Although 63% (1420227} of these partici-
pants with a previously undiagnosed infection reported having,
had symptoms at some stage, it is impossible to know if these
symptoms coincided with the time of ondiagnosed infection.
Sixfeen percent (SO/5TSE) of those with detectable antibodies had
experienced no symptoms consistent with OOVID-19.

arg 10131 FRLIRE02 L 10009 Pubiished onlne by Camindge Unresraity Pross

Risk factors for antibody positivity to SARS-CoV-2

Tables 3 and 4 show the prevalence of SARS-CoV-2 1gG anti-
bodies by participant characteristics for both hospitals combined.
(Far the prevalence of SARS-CoV -2 IgG antibodies by participant
characteristics for the individual hospitals see Tables A-D,
Supplementary annex).

On multivariable analysis of the combined hospital data the
aRR of detectable antthody was higher for the following charactes-
istics: warking in haspital 1 (aRR 3.7, 95% CI 3.0-4.5, P= 00001 ),
working as an HCA (aRR 2.0, 95% C1 L4-3.0, P= 0,001 ), working
as a nurse [aRR 1.6, 5% CI 1.1-2.2, P=0.007), daily exposuare to
patients with confirmed or suspected COVID-19 infection (aRR
1.6, 95% CI 1.2-2.1, P=0.002), daily comtact with patients not
known or suspected to have OOVID-19 infection (aRR 1.4, 95%
CI 1.1-18, P=0.008), age 1&8-29 years (aRR 1.4, 95% CI L1-
1.9, P'=00HW), lving with others {aRR 1.5, 95% CI 1.0-21, P=
0.048), living with other HCW (aRR L3, 95% C1 L1-15, P=
0.007), being of Asian background (aRR 1.3, 95% CI 10-16, P
=0.028) and male sex {aRR 1.2, 95% CI1 10-14, P=0048)
[Table 5). (For multivariable amalysis by hospital see Tables A
ard F, Supplementary annex.)

Discussion
Overall seroprevalence

The seroprevalence between hospitals 1 and 2 differed by four-
fold, reflecting the difference in incidence and seroprevalence in
the community in the two locations; the seroprevalence in both
locations was six times the community seroprevalence [7, 8]. A
Swedish study found HOW seroprevalence to be three times
higher than the community seroprevalence during the first wave
of the pandemic [14]. A Greek stody found HOW servprevalence
to be between 10 and 22 times higher than the general population
[15]; this was attributed in part to insufficient wsefavailability of
personal  protective equipment (PPE) in the hospital setting.
Infection prevention and comtral (TPC) measores were the same
in hospitals 1 and 2 {bazed on national guidelines) and there
have been no issues with PPE availability in either of the hospitals
involved in our study at amy stage thus far during the pandemic.
In both hospitals staff were re-deployed to improve the hospital’s
capacity to deal with the owtbreak, however staff were not

185




Epidemiology ond Infaction

Talsbe 3. COVID-ka-sellaind charectaristics by hospital and 1otal nusiber of participants

Hospital L (N =304 Hospital 2 (N =2T45) Ttal & =5T3E)

Farticipant charactansties ] [ ] [ P owalar® n [
Coetact of a COVID-19 Cac

L] 1135 » 519 ] <0000 i) 30

] LEAT El 14 a1 4071 r]

Miing i 03 2 ol 12 02
Saitieg of clige coatact

Comta at work ik a8 456 a8 0a1s 1435 a8

Comta outsda of werk 146 '+ ] &3 '+ ] i) (¥

Daily contact with O0AD-19 patients

Comtzn with DOVID-LS patiants 5i0 T ] b4 <001 932 BE

Comta with pabiarnis withoot CDMD-15 1] 53 i534 &0 3M5 55

K ki coeiact aig 30 TI7 -] BG35 E

Miing 3 ol 2 ol 5 ol
Prirdiziss DOWID-19 symplnms

K sympioms 1358 45 E5ET 55 =000 IEe L]

Had syseineie BEAE 55 X8 45 LN 50
Sawurity

Ko SymnpROamS 1355 45 ASET 55 <001 2876 il

Dy i symphoms (+37] 40 545 k2 3155 ar

SgniScant Symptams a2 15 =50 54 ! o

Hespitalised pi L] 14 L] 51 L]
Prirdiziss OOW0-15 PCR tast

Wi bEA5 55 ik ] 40 <001 T 45

] 1353 45 1E50 &0 3003 52

Miing 4 ol 2 ol B ol
Prirsioest pocitive COVID-19 POR tast

Wi =2 856 r-] 7 <001 3ET 63

] IT46 903 1658 972 S414 926

Miing 4 ol 2 ol B ol

“Cabculsted waing the ° test

deployed to areas that would have been outside of their scope of
practice, and all staff had tmining on the comect use of PPE. The
seroprevalence in hospital | was similar to that found in a recent
unpublished study in another hospital in the same city [ 16], sug
gesting that one of the main risks for inbection in HOWs is the
commumnity incidence; a higher community incidence means
that HOWs are more likely to be exposed by the nature of their
work which involves direct contact with other people, both
patients and other HCWs. Although this risk disproportionately
alfected those with closer patient contact, the msk to HCWs was
higher than in the community, even bor those who reported little
or oo patient contact.

The seroprevalence in both hospitals fell within the wide range
{1-45%) previously described in other studies [15-21], and fell
cither side of the European estimate of 8.5% from the
meta-analysis publishied in November 2000 [22].

L e &+ Published online by Cambridge Unfesmity Preas

Prewious sympioms and teshing

Frve percent of participants with a previous PCR-confirmed
COVID-1%9 infection did not have detectable antibodies. The
manufacturers’ reported test sensitivity is >95% for each assay
used |11-13], so while some of these may be false negative resulis,
it iz also posxible that these participants did not mount an anti
body response tollowing infection with COVID-19, or that they
had antibody levels below the limits of detection of the test. We
teel that a false-positive PCE result is less likely, but also possible.

In both hospitals, the seroprevalence was higher than the
known PCR-confirmed diagnoses of COOVID- 19 infection of the
same timeframe (15% ve 10% in hospital 1, and 4.1% w= 1.8%
in bospital 1), and was also higher than the self-reported previ
ously confirmed diagnoses (15% ve 9.6% in bospital 1, 4.1% v
2.7% in hospital 1). Sixteen percent of participants with positive
antibodies reported never having experienced symptoms that
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Fif. L Progaiticn of slall group with detectable anti-
badin o SARS V-2, Bath hesgitak, Oetsher 3000,

were consistent with infection with OOWID- 19, Thirty. nine per-
cent of infections in our study were undiagnosed, even though
both hospitals had cosite PCR testing available to HOWs with
symptoms or cose contact with a confirmed case of OOVID-19
from mid-March 2020, It is likely that these undiagmossd
HCW's were warking during the infections period, with potential
for omwards transmission to patients and other staff members if
proper use of PPE and other IPC measures were not strictly
adhersd to. This highlights the importance of early detection
and reinforces the importance of clear messaging b0 HCWs
aboat mot working when symptomatic. It also highlights the
necessity for universal adherence to standard infection contral
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factors r:l:.l:i.nﬁln ethmicity that were not evaluated in our stady
ard that are comtributing to this risk. Studies conducted in
other countries have alse found Black individuals to ke a2 a higher
risk, and many studies have Ennnd}l.iﬂ\:r risk in combined BAME
(Black, Asian and Minority Ethnic) Eroups. Black individuals in
ocur stisdy did have a higher overall seroprevalence at 19%, and
a H_Eh:r relative risk of antibody positivity, however this :Fi:rbd.inﬁ
was not statistically significant on multivariate analysis, possible
due to smaller number of Black participants compared to Asian
participants. Other studies have I'Ii#li close patient contact
as a risk factor for disease acquisition |32, nduding specifically
the rale of nurse or HCAs |15, 31]. We found daily contact with

precautions at all times, ¢ liance with trar hased pre-
cautions and appropriate use of PPE ind face masks in the
hospital setting, irrespective of symptoms [23]. This finding alo
supports the recommendation for screening of asymptomatic
statf when a patient case of hm]nla]mqn.u'ag infection, or hos-
pital outbreak of infection with COVID- 19 ocoors [24). Mass ser-
wal screening of asymptomatic HOWs should be considered. This
intervention has been shown to be effective in certain settings [25,
16|. However, the frequency of testing that would be required to
have a significant impact on tmnsmission of nfection from
HCWs has not been established, and other studies have found
the impact of this intervention to be uncertain and the logistical
challenges &t pases to the health service ane significant [27-19].

Risk foctors for antibody positivity

The main risk factors identified to be significantly associated with
SARS-CoV-2 antibody positivity were working in hospital 1,
hnngam HCA, bemg a nurse, pﬂ'ﬂnﬂmnﬁ; robes associated with
close patient contact {especially those working directly with
COVID-19 patients), living with others, living with other
HOWs, being of Asian ethnicity, hunﬂ; aﬁud 18-29 years and
being male. Similar risk factors have also been identified in
other studies, including the meta-analysis of European studies
(22, 34, 31]. Those of Asian background had a higher risk than
those of white Irish round. This was a significant finding
on multivariable analysis (MVA), with other u‘h:hcll.ng
exposure accounted for. It is possible that there are other social

higma s doorg M0 10T TSR0 BEE2 1 0000 Pubished online by Cambridge Unfesraity Press

patients with COVID- 19 infection to nqua}L'ij\Er relative risk of
antibody positivity with comparison to daily contact with patients
without COOVID-19 infection. Stsdies have differed om this resolt;
a German study showed i.]'l.iﬁl'bﬂ' seroprevalence among the inter-
mediate risk group with comparison to the high-risk groop,
potentially due to less scropulons adherence o infection control
precantions including the use of PPE on non-COVID wards
[17]. A Spanish stady found ne significant correlation. between
role or direct patient contact and antibody positivity, although
commumity incidence was higher in their setting [ 18].

Having a househiold contact is known to be a significant risk
factor for disease acquisition [33]. In our study, Eving with others
{and especially living with other HCWs) was significantly asso.-
ciated with antibady positivity, which supports the theory that a
proportion of the HOW contracting COVID-19 are doing 5o in
their home environment. Other studies have found some correl-
ation bety size af b hold and antibody positivity [ 18]
bat to the best of cur knowledge this is the first study to find a
statistically significant correlation between lnving with other
HCWs and being antibady positive.

Limitations

Our stody has several limitations. First, information on
COVID-19 symptoms and test results were self-reported and
thus could be biased. Second, although the optake mte of 64%
overall is good for an opt-in stody, there may be a selection
bsas; it is possible that those who chose not to take part did so
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Table 3. Pravaknce of SARS-Cov-I antibodies by partidpant characteritics, bath hospitals
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duee to busier workload, for example, those working on a
COVID-19 ward, and therefore with a higher sk of COVID-19
intection. Ome of the main resons for overall good recrustment
was the incentive of each participant receiving their individoal
rezult. This toa may introduoce a selection bias; those who already
kmeow that they have had QOVID-19 inbection may have been less
interested in participating, as well as those who may have already
had private antibody testing done sewhere, which conld lead to
an under-estimate in the trse seroprevalence. Comversely, those
who had a previously comfirmed infection by PCE may have
had more interest in participating to see if they had gained anti
bodies (and potential immunity). Third, although the commuom
cation strabegy was an important part of the recroitment process,
the study took part during oor second wave of the pandemic, and
theretare also relied heavily on engagement with information

R %4 Published anline by Cambridge Linsesraity Press

technodogy (1T) platforms (email, messenger groups and hospital
intranet] and less on face-to-face announcements. The online
consent process, questionnaire and blood test booking system
risks exclusion of those who are less Bterate in I'T. This was iden
tified 2= a potential limdtatson from the start, and attempts were
made to mitigate this selection bias. Multilanguage nformation
amd plain English were used, and groups identified as potentially
at risk of exclusion on this basis were targeted directly for incle
ssan in the stsdy, with small-group sessions to axd consent and
guestionnaire completion and walk-in clinics for phlebotomy.
In the fourth instance, in testing on two different platiorms, we
chose to prioritise sensitivity over specibicity. However, the rate
of discordant results was low, and unlikely to have had a signih
cant effect on the results; there were only 21 samples with a posi
tive result on the Abbobt Architect assay that did not have a
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Table 5. Accociation babwosn sk factoes and the prasonce of SARSDoN.-D antibodias, both hospitaks
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positive result on either the Roche Elecsys assay or the Wantai
ELISA. In the Gfth instance, this population was sorveyed in
Oictober, at the start of the second wave of the pandemsc in
Ireland. A proportion of the HOW workforce in lreland is transi-
ent, and the staff incloded in the stody may not have worked in
the same hospital doring the first wave of the pandemic
However, over 90% of participants in each hospital reported
that had been working in the same hospital during the frst
wave of the pandemic. And finally, even though the ssmple sme
was large, some covariate partners were small and thos rendered
further amalysis lacking in statistical power and precsion (eg
inferactions terms or further stratified amalysis).

Conclusion and recommendations

The overall seroprevalence of antibodies to SARS-CoV-2 was 15%
in hospital 1 and 4.1% in hospital 2, reflecting the difference in
community incidence and seroprevalence in cach area, and sag
gesting, that the main risk factor for acquisition of COVID-19
infection i HOWs is the local commumity incidence. The
HOW seroprevalence was six times the community seropreva
lence in each area. Spedific rsk factors for antsthody positivity
induded being an HCA or ourse, daily contact with patients
{especially those known or suspected to have COVID- 19 infec-
tion), age 18-19 years, living with others, in particolar lving
with other HCWs, being of Asian background and being male.
The degree of previousy undiagnosed and asymptomatic inbec
tioms highlights the need for ongoing universal adherence to
infection control guidance including the use of appropriate PPE
in the hospital setting, as well as the importance of early case
detection. It is essential that HOWs have easy access o testing,
even with mild or no symptoms. As the national COVID-19 vac-
cination programme &5 molled out, we expect that access to testing
fior HOW s will still be critical. Screening of asymptomatic HOWs
in the setting of hospital-acquired patient infection or outbreaks is

{ L4121 000°%5 Pubished onlne by Cambndge Unrssruty Fron

impartant and regular screening of asymptomatic HOW's needs to
be conzidered depending an local epidemiclogy.

This study is a unique comparison between two hospitals in
the areas of differing community incidence, in which IPC mea-
sures were the same. [t is the first stody, to the best of our knovwl-
edge, to specifically delineate the redationship between |hving with
other HCWs and risk of antibody positivity. This study is par-
mount in improving understanding of transmission dymamics
and HCW msk faciors {demographic, workplace: amd howse-
hold-related) im hospitals in Ireland. The high proportion of
undiagnosed infections underscores the importance of all inter-
ventsons to reduce intection m the hospital setting. Thas bundle
shoald incude robust infection control guidance and adherence
to that goidance, with scropulows attention to standard and
transmiszion-based precautions including the use of appropriate
PPE in the bospital setting, easy access to testing tor HOWs
amnd prompt outbreak investigation. This study will be crucial in
informing the vaccination strategy and moll-ost of HOWs in
Ireland. Emerging evidence of reduced transmission of infection
by vaccime recipients [34] endorses prompt vaccination of all
HOWs.

Suppl mtary material. The suppl v mmierial foe this article can
b Foisd ar hinge Odoicag? L0101 7509502688 MOS8
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Eetter to the Editor

Serological markers of SARS-CoV-2 infection; anti-nucleocapsid
antibody positivity may not be the ideal marker of natural
infection in vaccinated individuals

Dear Editor,

We write in respoase to correspondence from Whitaker ot al in
this journal (1) The authors demonstrate increases in seroposstive
ity for SARS.CoV-2 antibodies against the spike protein as the roll
out of COVID-19 vacanes continues, whilst paralie] assessment of
nucleccapsid antibodies remained stable. This study is an example
of the use of paraliel assessment of spike ($) and nucleocapsad (N)
antibodies to discriminate between natural infection and vaccine
related seropositivity {2) {3) This approach remains attractive, but
as the pandemic rolls on it is worth coasidering the pawcity of ev-
idence about the impact of vaccination on antibody production i
response to 3 subsequent natural infection.

As part of 2 large seroprevalence study in hospital healthcare
wockers (PRECISE 2 (4)), we measured antibody response follow-
ing vacanation in over 4000 hospital healthcare workers (HCW)L
coupled with 2 questionnaire about previows symptoms and con-
firmed infection. We measured anti-S and anti-N antibodies using
Roche Elecsys total antibody assays to determine both serologacal
response to vacomation and to natural infection. Twenty-three par-
ticipants reported a breakthrough infection post-vaccination, de-
fined as PCR-confirmed SARS-CoV-2 infection >34 days after com-
pletion of vaccination (5) This represented 0.6% (23/4111) of all
fully vaccinated participants in the study. All had received Phzer
vaccine (which was the vaccine received by most study partici-
pants). For these 23 participants, the median number of days be-
tween second vacane dase and positive PCR was 30 days (IQR 25
50 days) Frve (22%) had symptoms at the time of the positive PCR
test and 18 (78X) did not have symptoms (they were tested as
close contacts or as part of hospital outbreaks). All 23 participants
had detectable anti-S antibodies, as expected post vacomation (6)
Notably, only 6/23 (26X 952C1: 11-49) had detectable anti-N an-
tibodies in response to thedr infection, compared to 663812 (822,
S52C1: 79-84, povalues <0001 (Chi-squared) of all participants in
the study with previous PCR-confirmed infection having detectable
anti-N antibodies. Of the 17 that were anti-N negative, median
number of days between PCR positivity and sampling mid-paint
was 52 (range 9-67) so #t is surprising that the majority of these
had not moented an anti-N antibody response (7). This low num-
ber of seroconversions maght suggest that anti-N antibodies may
be insensitive a5 2 marker of natural infection post vaccination. It
is passible that early viral newtralisation, perhaps even at mucosal
surfaces, might modify the natural bumoral response and limit the
development of anti-N antibodies.

There are a very limited mumber of studies evaluating the pro-
duction of anti-N post infecticn in vaccinated indniduals; Dem-

Ietpn fdocang 10 108 ) prl 202106 012
016333550 2011 The Britnh

mer et al, in 2 study awaiting peer-review, have commented on
high sensitivity and specificity of anti-N antibody assays in detect.
ing infection in vaccinated individuals (£} however the infection in
these individuals pre-dated their vaccination. Studies such as that
mmdbymmaalﬂmnmbemrsmngnm
contnuing to rely on anti-N as a marker of
mnmrdlixmuwmglnvmuuudmdmdmls(l).me
effectiveness studies will also incorporate periodic serological test-
ing for SARS-CoV-2 antibodies as 2 marker of breakthrough infec-
ton (91 To the best of cur knowledge there are no published data
to date that have identified 2 comparative reduction in anti-N se-
rocoaversion following matural infection in vaccinated indniduals.
Whilst cwur numbers are small, even in Lurge seroprevalence studies
m-nbendbmhthghmkcmmwilbemﬂ(s).mdfmﬂm
research of indmduals with well-defined vaccine breakthrough in-
&msmmmumfumullbemndmlm
optimal assessment of serop in vac d cohorts.
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ABSTRACT Severe acute respratory syndrome coronavines 2 (SARS-Cov-2) antibodies

£ ol thi il pant il
are an excellent indicator of past OOVID-19 infection. As the OOVID-19 pandsmic pro- ;.hmgwmmhm@m
gresies, retained sendithvity over time is an important quality in an antibody assay that is Mirisbad Spente G200 1-11. Wil
to be wsed for the purpose of populstion seroprevalence studies. We compared 5,788 m”hr:::lwiﬁlmmm .
health cane worker (HOW) serum samphes by wsing two semlogical assays (Abbott SARS- :: —ke pertieny
Cov-2 anti-mucleccapsid immunoglebulin G {lgG) and Aoche anti-5ARS-Coé-2 anti-nudeo- Ad Hot Pear Raiswar | i
capsid total antibady) and a subset of samples [all Abbott sssay positive or grayoons, ADEDCRLI, Ky st Uity
n = 4B5) an Wants SARS-CoV-2 anti-spike artibody snzyme-linked immunasorbent assay Wm:ft'mmﬁa':;?
(ELEA) For 367 samples from HOW with a previous PCR-confirmed SARS-Cov-2 infection, e
we comelated the timing of infection with assay results. Owverall, seroprevalence was 42% it e
an Abbott and 9.5% on Roche. OF those with previcusly confirmed infection, 41% (150¢ Mﬂ“m'm*:mma-:r:m
B467) and 5% (348/367) tested positive on Abbott and Roche, respectively. At 21 weeks A —— :

{150 days) after confirmed infection, poditivity on Abbott started to decline. Roche posi- W Cormparen of SARSCoki-2 an
¥ was refained for the entire ioed (33 weeks] Facbors associated (P = 050} iyl o Pl d e i g
with Abbott seronegativity in those with previous PCR-confirned infection included sex gt of anli-M panantibaody s i

. . . -y artisry g ik b, Phymcinidand
todds ratio [OR] 0.30 male ; 95% confidence imtenval [0 015 to 0UG0), symptom severity
(R 25 Moy 2021

H0R D19 wevere syrnptoms; 95% O 005 to Q61), ethnicity (0R, 0.28 Asan ethnicity: 95% 15 Ausgest 2031
Q, 02 to Q60), and Sme since POR diagnosis [OR, 206 for infection 6 months previ- (Prnbsliided 20 Sapdirrame 2011
ously; 95% O, 1.01 1o 430). Wantai detected all previously confirmed infections. In owr
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population, Roche detected antbodies up o &t leadt 7 months after natural infection
with SARS-CoV-2 This finding indicates that the Poche totsl antibody sssay is better
suited than Abboft lgG assay to populstion-based studies. Wantai demonstrated high
sensitivity, but sample selection was bimsed The relstionship between serological
response and funcional immunity to SARS-CoV-2 infection needs to be delinested.
IMPORTANCE As the COVID-19 pandemic progresses, retained sensitivity over time is
an impartant quality in an sntibody sssay that is to be used for the purpose of pop-
ulation seroprevalence studies. There is a relative paucity of published literature in
this field to help guide public health specislists when plamning seroprevalence stud-
ies In this study, we compared results of 5788 heaslth care worker blood samples
tested by wsing two assays [Aoche and Elecsys, anti-nucleocapsid antibody) and by
testing & subset on a third assay (Wantai enzyme-linked immunosorbent assay
[ELISA] anti-spike antibody). We found significant differences in the performance of
these assays, especially with distance in time from PCR-confirmed COVID-15 infec-
tion, and we feel these results may significantly impact the choice of assay for others
conducting similar studies.

KEYWORDS Abbott Architect SARS-CoV-2 lgh, COVID-19 serological assays, Roche
Blecsys SARS-CoV-2 panantibody, SAR5-CoV-2 serological assay, SARS-Col-2
seroprevalence, antibody assays SARS-Col'-2

erslogical assays for the detection of severe scutte respirstory syndrome coronan-

mus 2 (SARS-CoV-) antibodies have a significant role to play in the responss to the
COVID-19 pandiemic. The detection of antibodies to SARS-CoV-2 is an excellent indica-
tor of past SARS-Coé-2 infection (1) and therefore helps determine the propartion of a
populstion that has been previowsly exposed or infected. Population seroprevalence
studies can help account for asymptomatic cases and symptomatic individuals who
may not present to health services for testing. As mass COVID-19 vaccination programs
are rolled out globally, serological assays may hawve a role in assessing host vaccine
response and predicting vacdne effectiveness (21 They may alio potentially be uied to
informn individual risk of disease (3) with emerging evidence of up to & months of im-
rmunity after natural infection (d), althowgh further research in this area of postinfection
iUty is neguined.

Many studies have examined the timing of antibody (Ab) production snd sensitivity
of commerdially availsble antibody assays in the sarly stages of infection with SARS-
Cot-2 [5) {51 Few sbudies have evaluated and compared the longesity of sy sensitiv-
ity after PCR-confirmed infection for different assays on the same hesith care warker
{HOW) population. As the pandemic progresses, retained sensitivity over time i an im-
partant quality im an antibody assay that & to be uied for the purpose of population
seroprevalence studies. A decline in SARS-CoV-2 antibody response to natural infection
over time has been described (6, 71, and different antibodies may wane at different
rates. Other studies have shown sustained antibody detection for up to 100 to
125 days (B, 9). Understanding the duration of antibody response over time is key to
understanding the accuracy of epidemiclogical studies and informing public health
pandemic response measures. The extent and duration of immunity and it relation-
ship to antibody pasitivity are not yet fully understood; however, the use of serclogy
st an individusl level for the purpose of estimsting immunity slio requires detailed
understanding of the timing and waning of antibody response in relation to PCR posi-
tivity. A UK study comparing free widely svailable commercial sssays (induding the
Abbott Architect immunaglobulin G (lgG) assay and Roche Becsys anti-SARS-Cov-2
assay] found themn all to hawve a sensitivity and specdificity of at l=ast 98% at 30 days af-
ter symptom onset (10). Regarding the longevity of the antibody response, there are
few published data, and results differ; a study comparing four different serological
assays showed a dedine in the perfformance of the Abbott assay after 60 days and a
further decline after B0 days {11], whereas another study of the same assay showed a
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mean of 137 days to loss of positive antibody (12). A study comparing the same assays
as our study highlighted better performance of the Roche assay over the Abbott assay,
although numbers were small (13). Further data comparing antibody assays for the
detection of antibodies to SARS-CoV-2 are needed to guide the most appropriate use
of certain commercially available assays in any given situation.

The primary purpose of the data coll d was to estimate the seropreval of
past SARS-CoV-2 infection in our HOW population; that analysis was carried separately
as part of the PRECISE Study on Prevalence of Antibodies to SARS-CoV-2 in Irish
Healthcare Workers (14). The data presented here are a secondary analysis as part of
the PRECISE study, with the aim of comparing the prevalence of anti-SARS-CoV-2 anti-
bodies in the same HOW population in two different assays targeting the anti-nudeo-
capsid protein, namely, Abbott Architect SARS-CoV-2 IgG assay and Roche Elecsys anti-
SARS-CoV-2 immunoassay (15-17). We aimed to also compare antibody prevalence for
a subset of samples on an assay targeting the anti-spike protein, namely, the Wantai
SARS-CoV-2 antibody ELISA.

RESULTS

COWVID-19 serology test results were available for 5,788 participating HOW's (compris-
ing 64% of all staff in 2 Irish tertiary referral hospitals). The majority of participants were
fernale (779%); the median age was 39 years (interquartile range [IQRL 30 to 49). The char-
acteristics of participants tested by serology assay are shown in Appendix 1A and 1B

SARS-CoV-2 seropositivity in relation to assay type: Abbott SARS-CoV-2 and
Roche Anti-SARS-CoV-2. All 5788 participants were tested wsing the Abbott SARS-
CoV-2 IgG assay and 99.9% (n = 5,787) were tested using the Roche Anti-SARS-CoV-2
assay. A considersbly lower proportion of participants had a positive antibody result
on the Abbott assay (4.29%) than the proportion that had a positive antibody result on
the Roche assay (9.5%) (Appendix 2A}.

Assay concordance was moderate (k, 0.53; 95% confidence interval [O], 0.48 to
057) (Table 1). McNemar's test for the difference in proportions indicated a systematic
difference in the proportion of positive results between the two assays (P < 0.001).
Twenty-four participants tested positive on Abbott but negative on Roche. Of the 24
participants, 3 also tested positive on the Wantai assay, suggesting possible false-nega-
tive results on Roche for these 3 particpants. Of the remaining 21 participants, all
tested negative on Wantai; none had a prior PCR-confirmed SARS-CoV-2 infection. An
analysis was carried out in order to explore the association between participant charac-
teristics and discordant results between the Abbott and Roche assays, and there was
no significant associstion observed (data not presented heve).

Abbott SARS-CoV-2 "Grayzone™ results. Four percentage of participants (n = 221/
5,787) had results in the Abbott SARS-CoV-2 IgG grayzone. Of those participants, 67%
{n = 149/221) tested positive on the Roche assay. Among all of those with grayzone
results, 42% (n = 93/221) were previously diagnosed with COVID-19 (SARS-CoV-2 pos-
tive by PCR). There were no participant characteristics that were significantly assod-
ated with having a result in the Abbott grayzone. In order to explore whether the nu-
merical value within the grayzone sample to calibrator (S/C) index range could be used
to assist in the interp ion of the g , arbitrary cutoffs {low, medium, and

Y

TABLE 1 Distnbution of po and neg mdubywdozyuuy

Abbott SARS-Co¥-2 IgG (n)
Negative or
Roche anth-SARS-  Positive grayzone Percentage «* Statistic
CoV-2 result result resulit Total agreement (95% CI}
Pasitive 18 329 547 939 053 10.48-057)
Negathve 24 5216 5240
Torad 242 5545 5,787

o, Cobn's kippe.
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TABLE 2 Distribution of postive and negative results by asay

‘Wantal SARS-CoV-2 Ab ELISA (n)
Roche anti-SARS- Positive Megative Fercantage = Statkthc
(CoN-2 resuln nesult result Total
—_— — —
Pesithog = ] = 97y 023 [0.B2-097]1
Megathe E] B8 £
Total 34 %1 455
=g, Cinbwar's hippa.

high} were applied, and they were compared to the interpreted results on the Roche
sy There was no correlation observed, as a similar propartion of results within each
of the arbitrary cutoffs was pasitive on the Roche assay (Appendix 28],

SARS-Co¥-2 seropositivity in relation to assay type: Roche Anti-SARS-CoV-2
and Wantai SARS-CoW-2 Al ELISA. In total, B4% (n = 485/5 7848 of participants were
tested using the Wantai assay (of whom all were also tested wing the Roche assay).
Among these 485 participants, assay concordance was almost perfect [k, 0.93; 95% O,
088 to 0.597) [Table 2}. There was no evidence of differences in the proportion of posi-
tive results betwesn the two suiays (F=0131).

SARS-CoW-2 seropositivity ower time (previcusly PCR-positive participants). &
total of 367 participants wers previously diagnosed COVID-19 positive by PCR. Among
those participants, 41% [150/367) (95% O, 35 to 46} tested positive on Abbott and 95%
{348,367 (95% CI, 92 to 96) tested positive on Roche. There were 93 participants wha
were previously PCR positive whio had a result in the Abbott grayzone. i the Abbott
grayzone was induded in positive results, Abbott positivity would increase to 6%
(2437367 Of those participants diagnosed previously as COVID-19 positive by PCR,
% {n = 259/367) were tested on Wantai, and all 259 had a positive result on the
‘Wantai assay. Results for the Wantai assay are excluded from this section, as not all
samples were tested on this platform.

The self-reported daste of a previous positive PCR test was available for 365 [99%)
participants. The interval between date of previous positive POR test and date of serol-
ogy test ranged from 12 to 231 days (2 to 33 weeks; 0 to ¥ months). Serology test
results by the numbser of wesks since a positive PCR test [including the breakdown for
those who were symptomatic at the time of PCR testing) are shown in Table 3 and wis-
wally represented (by number of day<) in Fig. 1 (visual representation excludes partic-
pants with grayzone results). We saw a decline in antibody positivity on the Abbott
sy from week 21 (day 150) onward. The percent positivity by the number of months
simce & POR test, including 95% Ok, is visually represented in Appendix 3A and 3B and
shows a decline im antibody positivity on the Abbott assay in month 4.

The mast comman interval betwesn positive PCR test snd serology testing was 6
months (61%; n = 222) There were 210 participants who had a §&-month PCR-to-serol-
ogy testing interval and who were symptomatic at the time of their PCR test; among
themn, positivity was 35% (95% Cl, 25 to 41} on Abbatt (n = 73) and was 93% [25% L
A% o 36} on Boche (= 196L

Seventeen participants [4.6%) with a previowsly PCR-confirmed infection had a meg-
ative serology test result on both the Abbott and Roche assays and also tested nega-
tive on the Wantai asssy. Of these 17 participants, 1 had a recent COVID-19 infection
{24 days prior) and the remaining 16 had a distant infection (=3 months prior to serol-
ogy testing). Characteristics of the 17 participants are shown in Appendix 3C. Among
the 17 participants, a lower proportion [B8%; n = 15) had symptoms at the Gme of their
PCR-positive test than the owerall PCR-positive subgroup (98%; n = 358). A higher pro-
partion participants were of white Irish background [24% wersus 65% in the overall
PCR-pasitive subgroupl. Other charactenstics did not differ considerably. An analysis
wai camied out in order to explore the aisociation between participant characberistics
and negative semlogy resuls; there was no significant association observed [data mot
presented herel
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Ini order to explore whether the Roche quantitative cutoff index (COH) or the Abbott
SC indiex was close to the positive threshold for these 17 participants, arbitrary cutoffs
{lowe, medium, and high negative) were applied to the results of bath asssys. For the
Roche assay, three participants had results that wene close to the positive result thresh-
old (e, in the high negative range; OO0, 06 to 0.%), six had results in the medium nega-
tive range (OO, 0.3 to 0.6), and =ight had results in the low negative ramge (CO1, O to
0.3). Far the Abbott sssay, all participants had results in either the medium negative
range {n = 3j or the low negatiee range (n = 14].

Abbott SARS-CoV-2 seronegativity in relation to participant characteristics.
The characteristics of participants with previows PCR-confinmed SARS-Co'v-2 infection
{n = 367) and their serology test results by Abbatt SARS-Col-2 are shown in Appendix
30 and 3E. In total, 45% [n = 124) (38% including those who had grayzone results in
the tofal number tested) of participants with previous PCR-confirmed SARS-CoW-2
infection did not hawe detectable antibodies on the Abbott assay. Univariate and mult-
warishle analyses were caried to out to explore the associstion between participant
characteristics and the negative Abbott test result. Table 4 presents the results of the
analysis. Factors assodiated with Abbott seronegativity in those with a previous PCR-
confirmed infection varied by sex (male adjusted odds ratio [#0R], 0.30; 95% C1, 0.15 to
060 P < 0001), symptom severity [severe symptoms requiring hospitalization; a0R,
0.18; ©5% Cl, 005 to 061; P = D.008), ethnicity (Asian ethnicity; a0OR, 028; 05% Cl, 012
1o 060 F = 0001}, and time since PCR diagnosis {increase from 5- to &-month intenval;
SO0, 206; o5% O, 1.010 to 430 P = 0050).

To broaden the analysis, a multivarisble logistic 1 was repeated, including
participants that had grayzone results. The results of this analysis were similar to the
results of the initisl analysis and are presented in Appendix 4. A separate analysis was
carried out to explone the association between participant characteristics and Abbott
qgrayzone results; there was no significant association observed [data not presented).

DMSCUSSION

Seropositivity in relation to assay type: Abbott versus Roche—all participants.
In agreement with recently published data (11), a considerably higher proportion of
participants {more than double) had detectable antibodies on the Roche aissy than on
the Abbott assay. In terms of assay performance, according to the manufacturer’s
instructions, bath assays performed with high sensitwity and high specificity. Applying
the lower bounds of the confidence interval for specificity of the Abbott assay, a maxi-
rmum false-negative rate of 4. 3% [n = 15] could be expected; therefore, 109 out of 124
negative test results among those previously diagnosed with COVID-19 (positive by
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TABLE 4 Factors assodated with Abbott SARS-CoV-2 seronegativity, among participants with previous PCR-confirmed SARS-CoV-2 infiection”

L1}
Allpasticipants  Magathes nadjusted Adjusted
Paramier m) result {n) Hegathee % OR 5% 0 Pwalse* OR 5% C1 P waluse®
Total 174 124 &53
Age group lin yrs)
18=23 i 41 51.9 - -
30-39 i 43 544 111 a59-207 0750 oga 0.86-215 o582
40-43 59 7 =B 038 0.18-0.76 0.007 038 015=0.82 007
50-=59 43 L] &332 068 032=1.41 030 oM 028=17 e )
B0+ 12 4 ;3 046 012-160 0138 025  Qo5-1.04 oLoes
Saw
Fasmiale: rin)] 1wz 507 - -
Make FE] 2 300 042 0.25-0.74 0003 030 DI5=080 <0001
Echnicity
Irish: [whiieh 1713 54 543 " "
Any other white background £ 12 343 044 020-052 0033 [=E. 1] 02-1.1% alre
Any Asian bac kgrownd 56 14 rid) 0.28 0.14-054 <0001 028 QI2-0.5F 0.000
Any Africanblack background 7 2 B/E 034 QDa=161 0300 047 Q05-333 o443
Ochier 3 2 - 168 015-366 0067 333 Ql4=-Tos 0566
Clase contact with a case of COWID-19
s 155 ES ang 07l 044-1.05 078 QB3 0.34-1.16 a13ar
Mo 17 59 50.4 - -
Wi n Typer of patient contact
Nix pathent contsct 46 24 523 " "
Dally contact nan-COVID-159 pathents 162 74 57 oaFy 039-14% 0437 or 034-180 asyr
Daily contact known of suspecbed BE 26 ¥4 QBer 027-127 0.82 o83 032114 065
COVID-19 patients
Savarity of sympboms®
Nix Symiptoms. B ! 50 0Bl 015-461 0E& 0Bs  Q12-639 ok
Minoe symrgtoems 113 [+ L= -] - "
Slgrllflﬂnl: TS 130 55 33 060 0.36-1.00 0.051 050 OIF7-0.52 0.0Z8
Sewens sympiomd (hospitalized) 23 4 174 017 LE-049 0003 019 005=0.51  0.008
HICW role
Adnrindst rathon 1:3 9 50 " Mot inclisded b the mods
Aled health care a4 L] it 127 0Q&D0-403 0&86
General support 1 5 s0.0 100 0O21-4.81 100
Health caine aeskstant 24 5 208 026 OQD6-058 0053
Maedical’'dental B2 13 S5E 0BE 030-154 0309
Mursing! midwifery 124 55 a4 0BF 0239-21F 0553
Oehier 1 2 oo MAT WA HA
Mo of mo since FOR-positive test
Less thaini 1 7 1 143 025 obl=157 0z an 001-083 001
1 B o L1l WA WA HA LY Pt A
1 4 o om MA - MA HA LY LS M
3 1 L o MA LY HA Y LY MA
4 1 L o MA LY HA Y Pl MA
5 57 3 04 " "
B 168 1 543 1.75 0.95-3.25 0073 06 1.01-330 0.050
7 17 g5 519 1.66 057-505 0360 TET  0O74-102 o139

== 174 participant with vabd resli.

P s e skt udwtend ing the chi-sepains e, results R signifeant asscciations s kighbghted in beld.
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“Exrludis Iunknowns.

Farticipants wini driboad which bype of patien @ conlec? discrnBse ol of ther cummt work (ioacude 5 unkndwrdl.
A, imiulickint number of paricipants in this category.
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PCR) could not be explained by expected test performance; it is possible that SARS-
Coh-2 IgG was abient among these individualks. Applying the lower bounds of the conr
fidence interval for specificity of the Roche ssay, a maamuom false-negative rate of
0.3% [n = 1} could be expected; therefore, 18 out of 19 negative test results among
those previously diagnosed with COVID-19 could mot be explained by expected test
performance. It is possible that some of these individuals did not mount a SARS-Col-2
antibody response to their infection; however, in the published literature, the majority
of patients have been shown to develop antibodies following matural infection (18-
200 Therefare, it is likely that the main reason for lack of antibodies in this subset of
participants was due o a waning antibody responss that was not picked up on testing,
particularly on the Abbott assay. Studies have shown that anti-nudeccapsid kg anti-
bodies may be less likely to develop than IgM antibodies; Zhao =t al. showed that at
day 15 postinfection, 100% had detected total Ab, 94.3% had lghd, and only 79.8% had
lgc Ab (18] Peterson et al. and Ksufman et al. showed that lgG antibodies were not
detected for between §.3% and 9% of people in the first ¥ weeks after PCR confirmna-
tion of infection (20, 21) and that this proportion rose to 14% by 99 to 121 days (22).

Lumley at al demanstrated stable anti-spike IgG antibodies but waning ant-nedeo-
capsid lgi antibodies over time among HCWS in the United Kingdom health cane sere-
e [12), as did Pelleau et al. (23). This result may in part axplain the Abbatt Igh assay's
redative peformance for detecting past infection, compared with the Roche total anti-
body assay. The total antibody approsch used in the Roche Eleciys system results in
improved and sustained sensitivity suitable for populstion seroprevalencs studies.

Twenty-four participants had detectable antibodies on the Abbatt assay but not on
the Rache asiay. OF those participants, three had detectable antibodies on the Wantai
assay {one of whom had recent POR<onfimed infection) and were presumably false
negatives on Roche, possibly reflecting differences in test method and target betwesn
the 'Wantasi and Roche assays.

Does the Abbott grayzone add anything? In October 2000, Abbott updated thesir
guidance on their Architect SARS-Cot-2 Igh assay (Abbott Diagriostics Product Information
Letter P11060-2000) to include an optional editable “grayzone” with a 5°C index range of
05 1 1.39 which they advise “must be interpreted by the dinician in the context of relevant
dlinical andl laboratory information on the patient™ (16). The grayzone accounts for a lange
proportion of the disagreement betesen the assays. The msjority of grayeones were: posi-
tive by Roche {67%} and Wantai [70%). However, interpretation of this Abbott grayzone
meault in a clinical setting would not be strightorward, and confirmatony testing would st
be needed. There was no obvious corelation betwesn noreasing or decreasing Abbatt
grayzone 5 indices and the interpreted results from other assays, so while the grayzone
may add value for individual serclogy testing (by indicating a nesd for additional testing),
wee fieed that it does not add value in the setting of population-based serslogical studies. In
an epidemiological study setting such as this, indusion of sl grayrone results 35 presump-
tive positives would lead to a significant overestimation of seroprevalence. Studies such as
ours could be used 1o estimate the proportion of grayzone results fkely to be positive on
ather testing platforms; however, the wee of alternative assays with prolonged sensitivity
aver time would be superior if the primary punpose is to estimate infection ever_ it & nots-
bl that while studies hawve shown good protedtion against remfecion over at least a &
manth pericd folloving PCR-confinrmed COVID-19 infecton (4], to the best of our knowt-
adge, na shudies ke yet compared antibody asssys in tems of fundtional irmmunity.

Seropositivity in relation to assay type—Roche wersus Wantai assay. ‘We found
almost perfect agreement between the Roche and Wantai assays. A study comparing
eight sssays found thess two asiays to provide the highest sensitivities at 98% and
95%, respectively (241, which, in agreement with our findings, suggest that total anti-
body aisays are better positioned for population-based seralogical testing. Howewer,
in owr study, the assay concordance should be interpreted with caution, as the selec-
tion of participants for sdditional testing on Wantai ELISA was heavily biased; cnly par-
ticipants who had a positive or grayzone Abbott SARS-Cov-2 IgG result were selected
for testing by the Wantai assay. The small degree of discordance between these two
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total antibody assays could be due to & number of reasons, incduding the protein tar-
geted {ant-M versus anti-5) and the different expectesd peformances according to
manufacturer guidelines [25).

Seropositivity over time |previously PCR-positive participantsh Of the subset of
participants wha had previous PCR-confrmed O0MD-19 infection, the Roche assay per-
formed better in termns of identifying these participants and 95% tested positive. Only
ane-half of thess past infections were accurately identified by the Abbokt assay. Harley
et al showed a much higher level of agreement between these two assays, although
on a smaller number of samples than were tested in our study and at an earlier time
paint after POR-confirmation of infection (26). Therefore, antibody waning may not yet
have ocourred to the degree that it had occumred in our study All pressously POR-poss-
tive participants in our study had detectable antibodies on the Wantai ELISA, but this
subpopulstion examinstion and its inherent selection bias limit strong conclusions
from these dsta

The majority of participants had a &-manth intereal bebaween confirmed infection
and antibody testing in owr study, which comelated with the time period between the
peak of the first wave of the pandemic in Ireland and the antibody testing in ouwr study.
Although detection was slightly lower on both assays than the overall detection of pre-
wious infections occurrng at any time, the Roche assay still performed significantly bet-
ter than Abbott using the G-month time frame, identifying 93% versus 6% of infec-
tioms that oocurred 6 months prior.

The decay in seropasitivity on Abbatt in our cobort started at 21 weeks (150 days)
after confirmed infection, but the small numbsers of infection per week prior to this
time should be noted. This decay did not change with remosval of participants who
had no symptoms at the time of infection. A study comparing four different serological
assays, including the Abbott and Roche assays, showed a dediine in the performance
of the Abbott assay after 60 days, whereas antibodies were still detected on the Roche
sy after BO days {11). In contrast, another study of the Abbott assay showed a mean
of 137 days to the loss of positive antibodies (121 Kumar et al. showed a much shorter
duration of antibody detection wsing the Roche assay after confirmed SARS-CoV-2
infection in & small cohort of Indisn HOWs; seropasitivity halved by day 30 1o 42 and
fell to 0 after 50 days (27, which may suggeit an impact of host factors, such as ethnic-
ity, on antibody production and waning. In a large US study, Kaufman et al. showed a
decline in Igh antibodies (including on Abbott] to 74% by 2 months after confirmed
infection {2Z). Due to the small rumbers of infection per week prior to the 21-week
tims poank in owr study, it & possible that this dedine in Abbott lgG positivity started at
an earlier time point that was not picked up in our study. While we demonstrate good
performance of the Roche anti-nudeocapsid assay at extended ime points, perform-
ance of assays at time points even more distant from the infection remains obsoure.

In & multivariable analysis, the risk of a negative result on the Abbott plstform de-
spite previous PCR-confirmed COOWID-19 infection increased with the interval between
infection and antibody testing, in keeping with antibody waning. Those who had mod-
erate or severe sympioms were more likely to have retained lgh than those who had
anly mild symptoms. This result was consistent with the findings of other researchiers
who found that Ighc was better sustsined in persons reporting significant symptoms
than those who had mild or no symptoms (24, 26, 27). Participants of male sex snd
Asian ethmicity were also mare likely to have sustsined Abbott smsssy-detected IgG
Kaufman et al. showed age and male sex to be assocated with the probability of per-
sistent kgG serology [22), as did a large Cochrane review conducted in April 2020 (28]
Furthermaore, Lumley st al. demonstrated that incressing age, Asisn ethnicty, and prior
self-reported symptoms were independently associated with higher masimum anti-nu-
deocapsid IgG levels (12, This result i in keeping with our findings on sex, ethnidity,
and paior self-reported symptoms; however, we did not find any statistically significant
correlation with age. The reason for this sustained lghG response in participants of male
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sex is not yet dear but may be related to higher viral losd, other indices of severity, or
other unimown biological factors not included in this study.

Participants who had a é-month POR-to-serology testing interval wene twice & likely to
be Igh seronegative [Abbott) than participants who had & S+month testing interval Those
who had a T-month testing imerval wene ko more lkely 1o be lgG seronsgative than those
who had a S-month testing interval, but results wene not significant. Our findings ane consise-
ent with the fndings of other reseanchers who have demonstrated a dedine in lgG seroposi-
tivity aver time, by wsing the Abbott and other IgG antibody assays 46, 231 Further studies
may provide a befter understanding of seropositivity and seroneverion over time, relating
1o specific assays or the type of immunoglobulin messured,

We did mot have enough participants with very recent infesction to aisess the ability
of each msay to detect early infection; however, of the 8 infections that occured
within 4 weeks of antibody testing, 8/9 were correctly identifisd by the Abbott assay
and &'% were identified by the Roche sssay. Higher numbers would be needed to com-
jpare these suiays spedfically in the sarly stages of infection.

Almost 3% of infections were not identified by either platform. The majority were
distant infections (=6 months agal, and therefore, waning immunity may explain the
seronegativity. One was a recent infection [PCR positive 24 days prior to serological
testing]l in @ participant who had severe symptoms; this infection may have been too
recent to have detectable antibodies on either assay; however, four other participants
with only minor symptoms and even more recent infections (POR positive 12 to
17 days prior to serology) had antibodies detected on both Abbott and Roche assays.
Oweerall, Fewrer of these participants with previous confimed infection and negative se-
ralogy on bath plstformes were symptomatic at the time of their infection; other studies
hawe shown those without symptoms to be both less likely to develop antibodies and
less lisly to have persistent antibodies B weeks postinfection (26). There were no other
participant characteristics that were significantly associated with negative serology,
nar were these participants quantitative results (Abbott 5/C and Roche OO index) close
to the positive result threshold for either asssy. Both assays performed below their
expected sensitivity based on manufacturer guidelines, likely due to the time interval
between infection and antibody testing. This shortcoming should be considered in
serodogical studies, as well ai when using antibody testing in the setting of clinical
care. As the pandemic progresses, further studies may highlight the sensitivity of differ-
ent assays andfor different antigenic targets with more accuracy in relation to the tim-
ing af testing.

Limitations. Jur study has several limitations. First, as the main PRECISE seropreva-
lence study was not designed with the primary objective of comparing the serological
assays, we did not provide a comparable assessment of specificity by testing of any
prepandernic negative-control samples. Second, information on COVID-19 symptoms
and PCR test results were self-reported and thus could be bissed. The dates of PCR-
confirmed infection {alse self-reported) may be inaccurate, and participants may have
been reinfected at a later date but unaware of it; given the timing of this study at B
menths after the first COVID-19 cases in Irefand and the evidence of 9 months of pro-
tesction from reinfection following natural infection, it is unlikely that mamy, if sny, par-
ticipants in the study had been reinfected {29). Furthermore, the PCR cpcle threshald
{Cr) walue which would have been a valuable addition to this study was not suailable
Other variables which would have been valuable to this study but were not available
include participant comorbidities and host determinants of immune response; there
muay be individual pathophysiclogical factors that influence the immune response dif-
ferently depending on the antigenic target. A small sample size for the O- to 4-month
PCR-to-serology test interval prevented a meaningful analysis of seropositieity and
seronegativity at the early stages postinfection.

O stusdy focused on sssys that have the SARS CoV-2 nucleocapsid as an antigenic
target with only a subpopulation assesied using a spike antibody assay. Given emenging
evidence of differences. in antibody decay relsted Bo the antigenic karget, a more complete
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armestment would have been desirable. Such approaches, induding paralel spile and nu-
deocapsid asseiiments, may become more relevant in the ena of SARS Col-2 vacdination
In addition, we did not address the neutralizing capacity of the antibodies measured, and
therefore. condusions shout the functional conssquences of the presence of such sniibodies
are limited.

Conclusion and recommendations. The Roche total antibody assay performed sig-
nificantly better at identifying those who had ever had a confirmed COVID-1% infection
than the Abbott IgG assay, although both assays were less sensitive than the manufac-
turer guidelines. Cur study findings suggest that, of these bwo assays directed at anti-
nucleocapsid antibodies, Roche i better suited to future population-based serological
studies due to & maintained detection of total antibodies up to at least 7 months sfter
natural infection with SARS-CoV-2 While maximum sensitivity is achieved using mult-
ple testing platforms, this is not always feasible or cost-effective, and the overall sero-
prevalence results of our study would hawve been unchanged if only the Roche assay
was used. While we demonstrate good performance of the Roche anti-rucleocapsid
sy at extended time paoints, results of the comparison with other ambigenic targets
&t time points even mone distant from the infection remain obscure. The anti-spike
sy (Wantsi) performed very well on the subset of samples analyzed, but further
studies are needied to show if it maintains its sensitivity compared with Roche on an
unbiased selection of samples. The performance of both total antibody assays (Roche
and Wantai} points toward the supernarity of total antibody assays ower IgG assays for
serodagical studies.

The rizk of & negative antibody result on the Abbott assay despite a previous PCR-
canfirmed SARS-CoV-2 infection increased with time since infection; the decline was
nated at 21 weeks/150 days sfter a confirmed SARS-CaV-2 infection. Those participants
of male sex and Asian ethnicity, and those with moderate to severs symploms were
more likely to retain lgk detection on the Abbott assay. The Abbott grayzone did not
sdd anything that would =liminate the need for additional testing on an alternative
aisay. From owr Bmited numbers of recent infections, it may be possible that the
Abbott assay identified early infection quicker than the Roche aisay, but our numbers
were too small to confirm this hypothesiz.

O stisdy sdds to the growing itersture on serological assays for populstion-based
studies. Further data comparning SARS-CoV-2 antibody assays are needed to guide the
most appropriate we of certain assays inany given situstion, especially where the we
of dual or multiple assays is not feasible or affordable. With the recent introduction of
widespread vaccination, it is yet o be determined i measuring antibody respanse
post vaccination i meaningful and cost-effectrve and, if o, which assays are superior.
Further studies are also needed to delineate the relationship between serological
response and functionsl immunity to SARS-CoV-2 infection, bath following vaccination
and natural infection. Assays with & prolonged sensitivity are likely to be more valuable
& the pandemic continues, in particular anti-nucleocapsid antibody assays that will dif-
ferentiate past natural infection from vacdne-induced immunity.

MATERIALS AND METHODS

Study design. This was 3 coss-sctional stedy of the seeoprovalonce of ciroslating antibodies T
SARS-CoV-2 in hospital HOW, parforsed in Ooober 2020 (300 All scalf mesnbars of Dad Irish Tertiary
refareal hospitals wand invited 10 paricipae in an onfine sell-administened consent prodiss and onling

pestionnaing, follwd by Blood amplieg for SARS LoV 2 antibody 1esming. Thide paniciants inchded
Eoth patant-dacing and HonNpIRETT ey 1l b Irile o ol d i 1
indl & hic information and info k ding peeious OOVID- 19 sysrgaoms, Testing,

and diagnosic Full decails of the audy design, study Recanioes, onatenant, and study paTicpants can
b fouind in th pubkishad PRECISE snudy separt (300

Ethical app i Erical I 'wn obtairad fom thar Mational Research Edvics Commimies Tor
COWID- 19 in leedamed R0-NREC-COM-N01]L

Labsoratory assays. Al samngles wans Dested by Dwd assays, namady, ARDotn SARS-CoV-1 meenurning
TG ipedareind 10 Feid a Al i Rocksr Elecsys AnG-SARS-CoV-2 meaearing botal antbxodies (refamad
1o hera a Bockal [15-17) Tha Abbet sy i 4 chemiumingscant micrepanics ismunodsy that
chatacts IgG antibodies 1o the radeocagald protein of SARS-CoV.3. Tha Rochi wsary b an ebromochamilu-
ERinECEN immunodasay than deects amibodes Gncduding IgG). ako wo the rodeccagad provein. Asuay

Wobsr 8 liee I @00E-21
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TABLE 5 Summary of assay performance @ccording to manufacturer specfications

AsExy Sensitivity (3% [95% C1D Spedficity (% [95% CIf
Abbott SARS-CoV-Z IgG 100 [95.5-100) 99.6 (99.0-99.91
Rochse Arti-SARS-Coh-2 100 (B8.2=100) 59,8 [99.7-99.5]
‘Wairital SARS-CoV-2 Arvtibady ELISA 967 (§1.3-09.4) 57.5 (91.3-99.3)

Fesulls wane inbargeeted wsing the manulaciuners’ oommaendisd atay specilc threskol ds. Ay thrash-
cid of =1.4 (samngde 1o calibrator [SAC) indes) for Abbotr ared =1.0 fouoll indss [0} for Bocks: wera
mm-mmm«uummdummpmrm Thie Albotr SARS-CoW-2 k0 grayTond &
an addinicral adsary theishold band for i ¥, sugQisiad by this manulaciurer 1o iNCreass
ALY Nty (ABDOIT Disgfoatics Proden IrrﬂmTl.‘l.m l.wmr PIN060-2030 [16]. The: incergeetation of
Abbatr S/C imdices within this sty i as follvwe: regative, <05 grayzond, 05 1o <14; and positiva,
=04 AN saevgdas with an Abkeat resull of posiche of Grayoors wane eed on a thied asay i e
Maticeral Wins Rid & Lal [WWRL) wnding the Warai SARS-CoV-2 antibody ELISA [refarmed 1o
Fate @ Wancail, disteitenid by Fomres: Diagroarics. Wantai is an encyme-nkad immunosorben asay
(ELISA] for qualitative detection of total antibsodies incudies gG and Ight) 1o the sgike pracen of SARS-
ot

I tams of assay parfomance, according o the manulaciunes specications, all Thiee assays per
o with Bigh Seewitivity and high specility e Takbdo 5) (251

Stasistieal mathadd. Ay concondand Wil aatid using Coluin’s Kappa AaBne snd Mokema's
west for difference in peopomons. Cohen's kappa coelcant [=) thie bl of
B DaERN 3553y, Taking Nt acoouet the possitility of the agreesent cooweTing By chance. The « sLatistic
warias from O 1o |, whane 0 = agreement eguivalent oo chamor, 0.1 0o 020 = slight agreemaent, 021 1o
040 = fair agresrent, 140 0o 050 = modirae ageeemant, 051 1o 080 = sdbatantial agresmant, 281
05 = mrmﬂmwmm1-mﬁﬂtyﬂwmfaﬂwuiwmmnm
masl bo daified imo the samo foenber of Saaually esCheie Abbatt
and grayzora ety wone geoapad. Confd, i Is fov oh propomion of pamiciants That wen
sefoposithe wane comrgaatind. ohtivanable loghnk rgresson wad caemied out 1o aswess rik faooe for
thir absance of SARS-Cov-2 195 antibodies by conteolling for age, s, athicitybackgrounsd, o of
EIiENT COPAACT, savarity of symiptoms, and rasnber of months since a PCR positive 1ost. Forwasd shap-
ik selcnion walk wed, and the Akl fosma Gon chitenon (AIC] e used o evalare eeocal offi-
dancy, HOW e wi exchedad in o final sodel. Wi used R version 403 (R Fowsdation for Statistical
Coangatinn, Vienna, Austia) and OpenEpi softwans varsion 300 (Wilson Sooee) (311

Diavtas avwmilaibsility. The cebginal data sat for this reseanch mary ientify individuals and tharefon is not
Bing ly depinitad in a daza itory. H . ek daila Sat cam be made awailable upon fa-
sonalle faguest to ther princ pal Fresthigane.
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APPENDIX

Appendix 1A Characteristics of participants tested, by serology assay

Participants tested by:
Wanital SARS-Co¥-2
Abbott SARS-CoV-2 Igh Roche anti-SARS-Co¥-2 antibody ELISA Tatal participanits

Paramrstes n % n = n £ n )
Total participants tested 5,788 5,787 455 5,788
Age graup [yrs)

18-29 1350 113 1,350 113 E] |y 1,350 213

0-39 1617 7a 1517 79 129 |7 1,617 79

a0-49 1516 w3 1,515 63 m 1.9 1,516 262

50=59 1001 173 1,001 173 &5 140 1,001 173

&0+ 304 53 En 53 = 58 gL 53
Sax

Femnale AATE 774 4,478 A 349 720 4478 774

Mak: 1209 126 1,308 2% 128 B0 1209 Frl ]

Unknown 1 on 1 oo o oo 1 LT}
Ethnicity

Irishs fwhite) 4444 768 4,884 TEE n3 &5 4,884 TEE

Any other white background 552 95 551 13 54 m1 552 a5

Any Asian background 577 g 5T 1] a1 m.8 577 100

Any African or black background 13 0 nz 0 12 7 m 20

Cthar 1m 17 1 L7 4 <1} 1 17

Unknoswn 1 on 1 i1} o o 1 oo
HOW role

Mursing/midwifery 2,064 57 2,064 57 0 47.4 2064 357

Alied heatth 161 128 1,091 185 57 1.8 1091 188

Mzl caltdental ag3 170 SE 170 o1 192 =t 170

Admin BO3 129 =03 129 33 &8 =0 129

General support 434 75 434 75 n 43 434 75

Health care axsant 286 439 =6 43 45 23 = 43

Cther 127 12 127 22 & 1.2 127 22
ishorrea 0 I T 021 MicnboBpstbumanmen; 13
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Appendix 18 C0VID-19 related characteristics of participants tested, by serology asay

Abbott SARS-CoV-2 Rizschet: ANEi-5HRS- ‘Warital SARS-CoY-2
IgG T2 Antibody ELISA Total participants

P i L] B n 0 n B n ]
Totsd participants tested 5,788 5.TE7 485 5.TE8
Clase contact with a case of COVID-19

s 1,705 25 1,704 2154 258 533 1,705 295

Mo 407 7ol 4071 m3 235 454 4,071 T3

Unknasn 12 a2 12 o2 2 o4 12 0z
Main type of patient contacts

Dally contact with knownd'suspecied 503 156 902 15.6 109 IZ5 903 1556

COMID-19 patients
Dy contact with patients without 3,245 5&1 3345 56.1 299 616 3345 56.1
COWID-19

Mo pathent contact 1,635 =2 1435 183 7 159 1535 83

LUinknicssn 5 al 5 1 a (=11 5 oa
Prervious COWID-19 symiptoms ()

Mo Symiptoms 2,853 435 2558 455 o2 o 2,555 435

Had symipbams 2971 E03 2391 50.3 381 TEE 29M 503

Linknoswn B al a8 o1 2 o4 a8 o1
Severity of symgtoms

Plinod spTr@boems 2,159 T42 2,159 4.2 193 07 2,159 7432

Significant symgtoms 701 40 M 4. 181 423 ™M 24.1

Sewene sympanms (haspital ized) 51 8 51 1.8 7 7l 51 hE-
Proesvious COMID-19 FOR best

s 3,7 4=0 2,7m8 48.0 380 TE4 2T 480

[31=] 3,003 519 3003 51.9 o5 FaF 3003 519

Unknasn B al & o1 ] o & o1
Prorvious posithee COVID-1% PCR test

s IET &3 367 6.3 259 534 367 63

Mo 5415 936 5414 936 226 455 5415 9356

Linknoan -] (=N | & 0.1 a o & 0.1

“Farticipants wers auked which one decnbes menil of that comant work

Appendix 24 Serology result by assay*?

g G Posithee Tatal o Posithie Total walid® S Posithee vl
Abbott SARS-CoV-2 lgG 535 an 42 TBE 4.2 5567 4.3
Roche At -SARS-Cow'-2 5,240 7 5. 7HT 9.5 5. THT 9.5

Fabar aw re. of parbic part urkng otarere vl
Tortal, 1ol biritesl

“Tortal wil i, bist il . Mo bl i g Vil midL
“Thii Labka i udes tha Wanta asidy dus

warmpling bl

Appendix 2B Comparison of Abbatt S&ARS-Cal-2 g6 S/C index and Roche anti-5ARS-CoX'-2 interpreted result, among participants with
grayrone results®

Result by assay:
Rodhe anti-5ARS-CoN-T

Abbott SARS-CoV-2
Arbitrary cutoff Grayzone inj egatie (] Positive (a] Positivity (%)
Lioww grayzone [S/C 0.5-0.8) 115 k] TS 65.1
Mhedium grayeone |SA0 08-=1.1) B2 = A o
Figh grayzone (51 1.1=1.4] 44 LEY = 659
Total 221 T2 149 674
=a=3H.
‘ikorre ¥ biiow I w0521 MigohinEpechumaimeng 14
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Compuenon of SARS-CoV-2 Antibody Asiays

235888

P«umm%ponlmy

—_———

3 4 5
Tlme' ber of s} since positive PCR test

—— Percentage postive Abbott SARS-CoV-2 156

Wi

oX85888

(=]
-

Percentape % positwity

umﬂmyﬂmmnmm%cw:am Wrology 55y With respOct 10 Time (naembir of months) since 3
AR

poditive PCR Wst, among parmticpants whe had p

2 3 a4 5
Time (number of manths) since positive PCR test

= Percentage positive Rocha Anti-SARS-Col-2

Shacked anea shows the 95% confidence imtenval

femed COVID-19 infoction and had symptoms at the Gme of their FCR test (o = 340).

Appendix 3C Characteristics of participants who had a prewously PCR-confirmed infection

and were negatwe by serology testing
Parameter n %
Towd 7
Age group
18-29 5 294
30-39 4 23S
40-49 4 235
50-59 K 35
60+ -] oo
Sex
Female 14 824
Make 3 176
Ethnicity
Irish (white) 16 a4
Any other white background 1 59
HOW role
Nursing/midwifery 7 412
Medical/dental 4 235
Admin 1 59
Alied heaith 2 e
Health care assistant 2 ns
General suppart 1 59
Clase contact wath a case of COVID-19
Yes 412
No 10 588
Main type of contact with COMID-19 patients
Daily contact with k = ted COVID-19 3 175
Dally contact with patients without COVD19 " 647

Volorme 9 lisue 2 w00391-21

(Continued on next page)
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Appendiz 3C {Cantirued)
Paramwter L] %
Mo patient contact z 176
Previcus COWD-15 symptomds
Mo symptoms k] 118
Had symptoms 15 =2
Severity of symgtams
Minos symghoms T 457
Significant symtoms -] 513
Sewene sympioms (haspitalized) a =1 1]
Bo of ma since pos e POR best
Le=gs thaan 1 1 59
5 1 L
-] 15 =2

Appendix 30 Charactenistics of participants wha had a prewiously FCR-confirmed nfection and their test results on Abbott SARS-CoV-2 igh

Tast result
All participants Grayzone Pasitive Megati

Paramwier n ] n % ;] B n k]
Toaal 367 R 150 124
Age group

18=I2 m oz a2 4.4 EL 53 41 EER

30=39 08 194 29 iz L ot 43 347

40-49 73 s 20 ns 41 =11 7 137

50-59 50 135 5 5.4 26 173 L] 153

B0+ 19 5% 7 75 ] 53 4 iz
Zox

Fomals 269 FER] &8 731 55 -1 ] 1oz 823

Pa b ] 26T 25 69 51 E2N ) Iz 177
Ethnicity

Irish (white) 237 B45 64 &E8 ] 527 ] 758

Any other white background a2 120 9 7 13 153 1z ar

Any Asian backgprownd T2 195 16 172 41 IED 14 113

Ay African o black backgrownd a r 3 13 5 13 2 15

Ceher ] 11 1 11 1 o7 2 15
HOW role

Hursings midwifeny 181 453 57 613 B L1 55 244

Aled hiaalth a2 T4 8 =13 15 nom 11 153

Pedical’dental 73 155 11 LLF:] EE] ] o] 234

Administration 24 1 & 65 ] 1] 9 73

General suppart 12 k] 2 12 5 33 5 a0

Health cane ausstant 3z BT 8 -1 19 127 5 40

Cthir 3 0= 1 1.1 ] o F 15

‘Wokare 3 e wd0EF-21
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Appendiz 3E COVID-19 related charactenistics of partiopants wheao had & previously PCR-confimed infectson and their test results on Abbott

SARS-Cov-21gG
Test result
Al pasticipants Grayzons Positive Maegative
Paramwier n k] 5] . ] 5] b} 5] )
Total 3ET 93 150 124
Chase contact vath a case of COVID-1S
s amn 575 56 603 50 G0 B5 524
Hix 154 420 a7 Iz 58 =7 55 476
Unknown 2 o5 ] [11=] 2 13 ] o
Ihai n type of patient contace
Dy contact with k f cied COVID-T9 patient: B2 240 a2 237 a0 27 26 210
Daily contact with patients withouwt COMID-19 218 554 56 603 BE 527 74 57
N pathent contsct &l 1656 15 181 2 147 24 194
Sympioms at tme of previous PCR test
Mo symploms: T 1.9 1 11 3 in 3 24
Had symptams 358 875 52 a9 145 g 121 e
Unknicssmn 2 05 o ao 2 13 o oam
Severity of symptoms
Minor symptoems 151 41 ELS 43T 51 353 B2 512
Slgnlfuzm: TS 178 485 48 545 75 517 55 455
Sewene sympiomd (hospitalized) 2 7a ] L:¥-] ] 131 4 i3
Mo of mo since posithee POR e
Lz thaani 1 ] 12 I 11 & Al I ag
I 8 12 ] [11=] B 53 ] o
2 4 1.1 o an q 7 o am
3 1 03 o ag I a7 o oam
4 1z iz 2 ried L] a7 o L]
5 85 133 a8 301 34 7 13 a5
B g 605 34 58.1 7 513 1 Ti4
T .y ;] B 85 B 53 El 73
Unknicswn 2 05 o ag 2 13 o oam
Mo of mo since onset of symptams®
Lz thaani 1 5 1.5 I 11 3 22 I s
I 8 14 ] [11=] B 58 ] o
2 3 (15 ] [1l=] 3 212 ] o
3 1 03 o an I o7 o oam
4 1z is 2 i3 L] 72 o oam
5 TE 123 5 284 ) 1332 21 a4
B 210 B1E 52 531 3 529 B5 T4E
T a3 6.8 B 2.1 B 58 El 6.1

aParlieipants wirs aused whh one decn b menl of i comen? wink.

x| 17 pa i it v v ool gl it al T Srnve of Shr peithes PCR ik

Woharre 3 luiew T w0EF-21
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Appendix & Factors associated with Abbott SARS-Col-2 IgG seronegativity, among participants wha had a previously PCR-confimed
infection, including those who had a grayzone result

Misgative
Pkt Unasdjusted Aufjustid
Paramatar AM it ! OR 35% O Pvalua® DR 5% 1 P ol ™
Tortal 367 124 33z
Age group
g-19 1 41 369 o N
30-39 1= 43 L 113 065-195 Q&SR s 051-18 [eF - x ]
40-49 M 17 5 o047 03&-089 [lerl) o 021052 [Tt d]
50-59 50 19 380 105 052-208 0297 1.05 047-21386 [EF:r)
&0+ 19 4 . 045 012135 (R - [k oua-n. L]
k)
Fonraa b 2655 [Lirs ok} " N
Mak 98 3 4 [ G.2E-081 (-1 w3k B2-0.58 K- ]
Ethnicity
Wrish {white] 237 a4 a7 " N
By othar whitg backgnond 44 12 73 os7 027-1.14 QI23 (=2 029-139 [}
By Asian background 2 14 94 oar 0.19-0568 az ol QLI9-0uE1 oz
Ay Alvicanblack background 10 2 g 038 005158 QI28 [EE5) 00r-139 0352
s 4 2 500 152 D1E-129 QETT 1.53 Qis-157 QTS
hidsa CONCACT wWith 3 casa of
OO 15
s Fih 65 LT 07z o4s-1.11 a.i47 sy 04112 al?
M 154 50 383 " N
Isin Typsd ol EaTion Comita
M e L Lo &1 248 323 " N
Daily contadd non-COM D19 & e 13s 18] 0.44-143 2435 aTE 04155 (=2
i TS
Dailly ConEacT keown of B8 o] 15 (1T-13 031-032 x4 [EF: ) 038-129 QaTa
suspocted OOWID- 19 patients
Severity of syergrome
B gyTnjcms 7 3 415 .08 031-505 G525 (K] QiT-E06 B2
Mlinor sy mphoes 158 [+ 410 " "
SigniSCant fympems 17& 55 ng 18] 041-1.m [ele= (8= 034-0.96 wi?
Sowand syengnonms (hospialized) ] 4 LEF-] 023 006-063 [ele ) [} Q07 -0.76 a3
HOW ok
BdTniees LaLon 24 9 375 " Mot includid i e erockal
Alied haalth caee 42 19 4532 1.38 049-304 2541
Ganiral suppon 12 5 41.7 (BE] 02E-492 QE09
Haalth care simanm 3z 5 56 o 008-1.06 Q0sE
Madicaldantal 73 . ] 397 (R] 043-29 0245
Blursingendwilan 181 55 04 07z 031-183 o481
O 3 2 &7 33z 038-780 @353
M. of med sieece POR peocitive st
L tham | ] 1 25 HA& HA& MA [} ol-is el
L] a o [e11] HA A& MA A MA MA
2 4 o [e11] HA A& MA A MA MA
3 1 o [e11] HA A& MA A MA MA
4 12 o [e11] HA A& MA A MA MA
5 a5 k] el | " N
& 212 M 410 187 1.09-329 [slerly 1.95 107-354 032
7 25 g 360 |53 157-387 0389 Lo7 0.71-5.9 o172

= wal s vesra cabzudated ting the chi-spains st resudts fos shgnifeant asscciations an highbghted in bold.

=, ralirancs catigory.
“Enchadin e unknowes.

“Panicipants wire siked which S of patint contec) dincribis meil of thiin coment work Geschadis § unknswrnil.
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Prevalence of Antibodies to
SARS-CoV-2 Following Natural
Infection and Vaccination in Irish
Hospital Healthcare Workers:
Changing Epidemiology as the
Pandemic Progresses
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Background: in October 2020 SARS-CoV-2 seroprevalencs armong hospital haalthcare
workers (HCW) of two Irish hosptak was 15 and 4. 1%, respectively. We compare
seroprevience n the same HCW popudation 8 morths later, assess changes n nisk
factors for seropostivity with progression of the pandemic and serologcal responss
o vaconation.

Methods: Al staft of both hospitals (N = 9,038 were mited to partcipate n an
orine questionnaire and SARS-CoN-2 antbody testing n Apri 2021, We messured
arti-rucieocapsid and anti-splkee antibodies. Frequercies and percertages for positive
SARS-CoV-2 amtbodes were calculated and adjusted relatve risks for partiopart
characteristics were calculaled using multhvarabie regression analyss,

Resultss Fve thousand and eghty-five HOW particpated. Seroprevaience noreasad
to 21 and 13%, respectvely; 26% of riections weme previcusly undiagnosad. Biack
ethniaty (aRR 1.7, 85% O 1.3-22 p < 0.001), lower leved of education (@RAR
1.4 for secondary level education, 96% O 1.1-1.8, p = 0.002}, king with other
HCW (aRR 1.2, 6% Cl 1.0-1.4, p = 0.007) were sgniicently associated with
seropostivity. Maang direct pabent contact also camied a significant risk beng a
heaithcare assistart (aRA 1.8, 95% 1 1.3-2.3, p < 0001), beng & nurse @RA
14, 85% G 10148, p = 0.022), dady cortact with COMD-19 patients {aAR 1.4,
85% G 1117, p = 0.002) daiy contact with patents without suspected or
confrmed COVID-18 [aRR 1.3, 95% Cl 1.1-1.5, p = 0.013}. Bresdcthrough nfection
ocooured in 234 111{06%) of Ay vacarated particpants: al had anti-S antibodies.
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Conclusion: The increases in seroprevalence refiects the magnitude of the third wave
of the pandemic in reland Genomic sequenang s needed to apporton nsk to the
workplace vs. the househald/community. Concerted efiorts are reeded to mitigate nisk
factors due to ethnicty and lower level of education, even at this stage of the pandemic.
The Lndagnosed and breskinrough Fiections cal Sor ongoing Fiection preventian and
control messunes 3nd testing of HCW n the setting of dose contact. Vaconated HCW
with cordimned infection shoud be actvely asses=ad, noldng SARS-Col-2 whole
penome sequencing (WGS), serdogy testing and assessment of host determinants, to
advance understanding of the reasons for breakthough rdection.

Keywordx COVD-19 sercprevalance, SARS-CoV-2 ssropmewvalence, healhcare worksr HOW)L SARS-Ooé-2
arstodias. Scaptal seroprevaence SARS-CaV-2

INTRODUCTION

SARS-CoV-2 Infection in Hospital
Healthcare Workers

Heatheare woekers, and those they live with, we a1 incressed
ik of contracting SARS -CoV-2 viral infecsion (1-3). Detectable
antibody 1o SARS-CoV-2 is an excellent indicator of peevious
SARS-CaV-2 infection (4). A high proposticn of the SARS-CoV-
2 infections aotified woeldwide have bees in hospital healthoare
wockers (HOW) snd antdody seroprevalence has bees shown
w be higher in HOW than in e generdd popalation (5-
7). Understanding the transmissson and potential imssenaty
dysamics of SARS -CoV-2 i hospitahs is smportant in wng
tratrenision al boopital level and =88 valable infoemation o
the growing evadende on the transesssion pattems of COVID-19
oy HCW.

Antibody Response Following Infection
and Vaccination
Natural infection has been dbown W prodoce humoral and
cellular insmanity sod whalit this may decline over time, darable
memory respoasch are seen (4, 9). Vacine have been shown
W be protective both against infection and agenst syptomatic
diseige (10-13). Robust B and T cell responses 10 vaccination
have been shown for both mENA vacines and viral vector
vacdnes (14). Antibody responie bas been shown 1o correlate
with peotective ismunily sgaind infection (151

The spike (S) and nucleocapuid (N) proteies are two of the
ke insennog e of the corosavizus proteins (16). Commercial
SARS-CoV-2 antibody sssays can detect amtibodies 10 thee
structural protcins. Natural infection with SARS-CoV-2 dicits
wetibodics against the spike peotein and the nuceocapud peotdn
(17). Cuerently availible vaccine against the SARS.CoV-2
mwpmesptgpmdnadyna 19). The detection of

wnti-N antdodics allows vaccine-i sian 10 be
distinguished froe sntibodies eliciied by natwed indectice (20}

Study Sites

Hopital | 54 tertiary refereal hospital e the inner Sty of Dublin,
the capinal city of Ireland (population 1.2 mlicn) and bas shuost
4700 cxmployess and just over 1000 beds It is ane of the kugest

scute hospatals @ Dublin city. Hospital 2 is & comparable tertiary
refernad hospitad with almost 4,900 employess and over 500 beds,
locsted in Galwey, in the West of Treland (pogalation 30,000).
It is the muin acute hospial serving the ity of Galway. Boch
hospitals received patients with COVID. 19 isfection throughot
the flest wave of the pundersic in Irddand, and beesbdown by ward
and specialty & similar. The ¢ ity incidence of COVID-19
int County Galway was significantly kower thas is County Dubdia
during the fest and second waves of the pandemicin reland (21),
During the thisd wive of the pandensic @ [rdand (pek Jnuary
2021) the 14-day incidence for Galway approached that of Dubdin
(22). The fiest part of thix stady was conducted in October 2020,
during the second wave of the pundemic in Ireland, snd prior
to the roll-cut of COVID-19 yaccination It showed an overall
SARS-CoV-2 seroprevalence of 15% in Hoapital 1 and 41%
I Hospital 2, respectively. Almast 40% of infections had been
previomly endiagnosed (6, 23). The HOW seropeevalence was
six Temes higher than ( i ¢ (5). By the start
olAptﬂnZl(dcheomeﬂlhthvnddcud
PCR-confirmed infecticns iss HOW in Hospital | and 2 had risen
to 185 and 9.2%, respectively,

The purpose of this repest crocs-sectionsl study was 10 re-
wsess the prevalence of anti-SARS-CoV-2 aatibodies in HOW
s these two hospitals following the third, and largesr, wave of
the pandemic in Irelind, and asess changes in demographic snd
woek-relatad sisk factors. We sbio simed o aseis serological
respanse 10 COVID-19 vaccination ln the vaccinated sub-group,

and 10 quantify breskihrough indection.

MATERIALS AND METHODS
Study Design and Participants

This was & crowesectiosal study of the seropeevalence of
circalating antibodies 30 SARS-CoV-2, carried oul from the 194
1o 28th Apeil 2021, All sl members of both bospitals (N =
9.038) were invited W paricipale in an online sell-adminsiterad
consent peocess and oaline questivansire, followed by blood
seepling for SARS-CoV-2 antibody testing in Aprd 2021, in
lhmmmn&m&r”(é).mcmmn‘

4 ou were captered using an eClinical
plslun&smel 4). Information collected in the questionnsire
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inchided demograpka: infermiation, conladl delal, plice and
type ol work, level of contact with patiests, previous COVID-1S
syl and lestieg, hisory of dose contact with & conflrmed
casie: e DOV ID-19, Bving arrangements and history of COVID.
19 weecinatien, mcluding daess and cype of veecine. Blosd
saniple were procemed anonymosly. Roulls were sent by e
miessage bo all participanls on & oploel bais Reuls wene
discuseed in persan with any panicipant e requesied i,

Al wainated study participants received their COVID.
19 vaccine g part of a two-dose reg of e Comamaty
(Phee BiolNTech] wicdne, the Viabsieia | fomely AnsiZeneca)
vaicing ur the MesSerma vaccing, A participant was considend
partally vaccnatad at =14 divs efter receipt of the Aest dose of
vaccination, and fully vaccinsied =14 &y afier neceipt of the
stvoid dos of vaccination i life with Ik ind ialerslions
peedelings (25, Ie)

Laboratory Methods

Al samples were tested using e Roche Elocys snti-SARS-
CoV-2 and the Roche Elecsys anti-SARS-CoV-15 immunsosssiys
detecting wal antdodics (including [0 o de nuclescapsad
wred spike protsing of the SARS CoV-2 virus eespectively (27).
Threibadds for positive resalis were o per  masalicberess’
pguidelings (I7. 2E). Participeni  wilth  defecissle  ani-N
anlibedis wene prousted e heve had previous suversd
infeclion. Participants with Setectable anmti-5 antibodies, and 5
repomead biery of DOVID-F vacinstion were sk peesumed
by have Buod mapered infeclion Participanis with deteciabe
wnli-3 antibedisi and 4 history of OOVID-1S  wacSnaeen
were proumed 1o have b anii-5 antbodc in response
Iy Vit i .

Statistical Analysis
Feequencess  and  poscenliges were  caboulaed  far
Participants were decnied seropesitive [Le, ausumed Lo
have had past infection with SABS-CoV.2) i feey had
deteciable  enti-M antdodis, o d they hed  detecsble
enti-5 antibesfis bul bad mol been previowly vacinated.
Charscteriatics of those who were sereposilive were com pared
W D whe were @il scropesilive, wimg s chi-square
st Uniwiriable logistic segremion was usad to cabeulie
relative rols akey with their %5% confldence @nlervals o
imsesd The asssdalion between SABRS-CoV.l sereposilivity
and characertics of the spedy participants. Moliverisble
gt pegrewion anslyas wis conducted e control for
negative s pusilive confounding and 10 celoalae adjusied
pelative risks (aRR). We explicit adte popelalion coereclasn
of reweighting was cersied cur AN analysis was conducted
in Seta 1501 GGelerp LOC 2009 Collige Siation, TX
TPRAS: UISAL

Ethical Approval

Eriical approval wis oblained from the Mationsl Research Etbic
Commines (NREC] for DOVID-19, Sudy Number 20-MREEC
O 100 24,

Funding
This work was supponed Ansncially by e Iish Health Service
Excoutive DOVID- 19 budger.

RESULTS

SARS-CoV-2 Seroprevalence (Past
Infection)
Participation Rates and Demographics

i total 5085 HOW paicipated [56% of isvited saff). These
5,085 purlicipant inceded 3,313 HOW wha ales parcipatad in
thee Arsl phace. O combined baspital data, T3% of particpents
were lemmde. Medmn gge wis 40 years (IR 3-49). By
ethnicity 75% of participants wese while lrish, 12% were Asin,
and L3% were of Alvicen or any other Black Background.
Minety-omne percent of participann Bred with other people snd
3% Bved with other HOW. The highea propestion (37%)
of parlicipests wirne auring siafl, 1% wene allisd healthoare
stafl, 14% were doctors, 13% were adminiseation siafl, 7.2%
were genersd suppost siefl and 57% bealth cere Esistents
(HCAL By ligpital, sge and sex of panicipasts were sisilar
while ethnicity differed slightly (Table la). Participalion by stafl
grevespiisng s simmilar in Buoth bos pilab snd puticipants’ weking
roles brosdly refleciad the everall breskdown by role of the sl
i Bty haosgitals [Fer details on panticipation by HOW mole see
Supplementary Tables A-D in Anncy, sain PRECISE 2 Sudy
Repurl [30]].

Prewious Exposure, Sympioms and Testing

Huospital | safl had a higher percentage of previsusly confimaed
SARSCoV-2 infection; 13% of parscipants im Hospits | ssd
14% of participsss in Hospital I oreportcd that they Bad
previcemly Leted podtive for COVID-I9 infecion by PUR.
Table Ib shevws e OOVIDL19 seluted characieristics of e
prertici pants by hospital.

Seroprevalence of Antibodies to SARS-CoVv-2

The weerall sevopeevilence of anidodics w SARS-CoV-3,
indicative of pesl noperd infection, was 20% in Hospital |
and 3% in Hospitad 3. Seéroprevilone win higher in thoase
with difect patient comtact (specilly those working with
patients with COVIDL 19 indection]. & abence by degroe of
palienl conlal, sscielemomgraphic characiesistics and COVID-
19 chisiomeristics are shown e Tabdet Ji k. (Beesldoumn by
hospilad & sbown in Supplementary Tables 2c-1 in Ansex),
By profeisssnal sibgoip, the highea seoprevalince wa s
anvmgEt HOAG (32%), folewed by genersd support scall {21%)
and nurses! midwives (21%) (A densdled Breakdown of general
suppon Al by hisgital is dheown in Supplementary Table 1g
i AfeE].

SARE-Col-2 Seropositivity ([Due to Natural Infection)
by Previcus Di iz and Symptoms

Sixneen percent (812/5,085) of participants reporied having bad
& PCR-confirmed infection with OOVID-I® al some sigge. O
theie, 42% (663/312) were seropisitive. Twenly-one percot
(172/812) were ayrapbosmatic at the Gme of their pasitive PCR,
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TABLE 1m | Pariicicant charmscierisiic by hoapisl snd ol murnbe> of marticipents, Aol 2001,

Partidipar charessraticn Heapitsd 1 Heapitsl & [ Terial

= 1345 = L140 N = 3
n b n ] n b
Aga rouca [N ] [-L5] = = a o431 1.%8 =
n-m: Tas o o an 1330 o
| an F L] a8 1414 ]
-5 s 1] ] b1 -4 -]
e (E2] a1 131 Bl g a3
Sex Farrmia TITH w 1281 ] (1B -] pi-.0-] TH
Kak BET = E="] a 1,138 =
Lrrecty Tk Wl Tl T 1,m7 ] ~H LT ™
#rry oinar whils backgronc a7 ar 21 Li1] L1 a4
fiman bachground Ll 1] 1= | Al e 1=
e ] ax 4B =2 ne 23
(=) ) ] 0 T 1.7 -] (-]
Ccurry of brthi Irmsdarcd e -] 1, B2 b1 -~ b Ts ] b |
Liniisc Kingedomi 1M 46 181 73 =5 38
Incin - T.B =B AT =1 38
Philippines 154 ABr bl ] oy 214 43
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Tuble B Seroprevilence oy Dede Thal wene sympesnalic
(3TRIGN; W%] was smaificantly higher than seroprevalence
amncery e who were asymgiomaris af the time of e
confirmed COVID-19 inledion [B77172 51% p < 0001
Mineteen percenl | 1EHI9E] of deode with detectable sntibedis

hed never experienced symplems consistent with COVID-
19 i mlection.

Undizgnosed SARS-CoV-2 Infection
In otal, B9E participesis wene sereposilive (due o aubensl
infection). OF s, 2350398 (26%) bud never boen diagresed

with COWVID-19 inderiom, representing 6% [23505,085) of e
ttal study popelation. [t ever hall of those with undisgnoesd
infection (121/23% 51%) hed experienced COVIDLLS like
symploms al some slige; of thase 74% (BH121] hed cxperienced
mild spmpions and 26% (32/121) Bad experienced moderane
symploms. This propormion of syeplomaric  undiagnosed
participants who expericnced only mild symplons (B97121, 74%)
wink mvesch Bigher than the proportion of spmplonatic diagnosed
paricipants who experiencal only mild symplesm (Z26/576;
9% | Figuere: 1) [ Supplementary Table A in Annex, main repon
(300]. Mest participants with wediapmesed infiction nepested
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daily patient cestact in their role (1920235 32%] Deuiled
aalysis of undisgnosed infection by HOW eole snd by hospitsl
is shiown in Supplementary Table 2 in Anne

Characterislics. of those pamicipants wha were seropmitive
comparncd with thoge who wens sevonegative for both Bespitak
comthined g dhown in Tebled Tak On multivarishle ansdyen
of the combined hospited dita, te adjeted relative sisk (eRR)
ol sereposilivily wis slsti@ically sigraficant for the following
chassslivislic: working i Fledpital 1 (aRE 15, 3% C1 1.3-1.8,
= 0001}, bsing & heslheare wsimant (<RR LE 95% CI 1323,
PO Beieg of Adrican or other black backgreund ($RE 1.7,
95% O 1.3-22, g = QoD ), Jower Beveld of education [sRE 1.4 for

level education, 95% 1 LI-13, p = L002), being &
nurse ($KE 14, 95% CI L0-18, p = DO2) daily contecr with
COVID-19 patienr: (aRE 14, 93% C1 1L1-1.7, p = L0402, daily
conlact with patients withoul sepecial ar confirmed COVID-
19 [aRR 1.3, 95% CI 1.1-1.5, p = 0013, being 18-29 pesrs of age
(aRR L3, 95% CI 1.1-1.8, p = DLO02], being mak: (afR 1.2, 95% CI
L0 1.4, pr=DL01&], and livisg with ather HOW (aRR 12, 95% CI
L0-1.4, o Ou07 ), Tabbe 3. Madtivieriabl: analysis by hospital &
shirwn in Supplemsentary Tables Mg in Anses

Antibody Response to Vaccination
In total, 6% [4,11175,085) of participants were fully vaccisaned
il i Buarthoer 14% (TU6/5085) weee partislly vaccinatad Al fully

vaccknaled participants Bad seceived dhe Phzer vaccine and e
mspeiny of parially vaccinated participants (681/716, 95%) bad
received the Viumevria vaocine fdue oy Geming of vaocine roll-cw
(which comimenced with e Plser viocine ] and due o dee longer
doging interval of e Vasseveis visccine] 256) | Vi cinatlion uplake
by etderaeiny wiieh sk, with 14203661 (19, 93% C1 33-44)
of White lridh partacipants being unvaccinalal, compared 1o
3ST] {52%, 5% O 3.7-7.4) af Asisn pasrtacipants and 7100
(64%, 95% 1 3.1-13) of Black participants. All fully weecinated
partcipants (4,1 114,111, R%) snd 99.6% (T13716) of partislly
vacciraled participants had detecisble anti-5 anrdadies.

SARS-CoV-2 Infection Post-vaccination
In tstel, 116 pamicipents seported PCR-confirased SARS-CoV.
I mlection since viccimation; of thase 2W1LE {20) were
Pully vaccisaled, representing D6% [RMLUE) of all ey
vaccifuled participants. There were 93 inlectiors in partislly
vaccinaled paticipants representisg 93716 (13%; 95% 1 11-
16] of partially wccimaied participants having had a PCR-
confirmed inlection posi-vaccination compared o X34,111
(D% 95% CI 04-08) of fully vacinsaed pamicipant [p-
valug = <0001 fchi-sguare)]. All fully and parially vaecinabed
participants with inlection post-veccination had anti-spike
Of the 13 brealthreegh Gnlectiom in fully weecinaned
partcipants, all had peceived fhe Phier veccine (11 B sobed
thal recipients of other veocings in owr @udy weee @l

Py in Macicin || s ronforin
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TABLE B | Prossionce o SS-Col- 3 bs kst i STRI.
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ver fully vaccinated). The molisn mterval betwoen firr and
secomd vaccine dose was X1 days (s recommmended befiare
I3tk Januiry H021). For dese I3 pamicipint, the media
number of days berween second vactine dose and PCR
pusitive Dt was 30 days [IQR I5-50 days). Five {22%) had
svmplomns al the Geme of tee posative PCR tesl and 13 (72%)
did not heve symiplosrs Charsaeristics of participants with

bresltbroigh miscton are shown in Supplementary Table F
i A
Comparison of Crude Seroprevalence
From October 2020 to April 2021

In H 11, the Jence spgnificantly inceewed fnam

15% a6 Chlober 2000 0o 21% &a Apra 2021 (p < Oukl) and
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TABLE 5B | Prescsiences of SARS-CoV 2 sermpostuy by COVID 10 mistad charscamecs. o hespiteis, Aged 2007,

COVMID-19 retated characierisnca Total SARS-CoV-2 seropostive partcipants
N n % [@aN Cn pvalcn®
Daly oo wth QOVE- 10 pateares Cortact weth COVID- 19 pubarmts L1 28 B ~2.001
Contac with palerts wittcat COVD- 7% 250 20 1BOr-a0
No et cormact 140 1w 120014
Prevous TOND- 10 sprsaas v No syrpema 291 e sapoean «~2.001
o aprpee am b Moo
Vamrg L] °
Sty of ngTRRIETY No sprrperme 20m R sapoan ~0.001
M aperyzzeny LRe s 220098
Tagrecet syTReaT an 04 0 250N
Zvvere froaptatoet AT | A W
Mg ) e
Provous posttve COVD 15 7CR o 433 aa LaMs2n ~0.001
Yoz n o [ 21
oy o twsa of PCR Mo m ar 51 432 ~2.001
Yau o e I
Smanty of syrytores & e of POR No gyrpeera " 5T 51430 «~2.001
Mg aprryars 2% b Mmadua
Sgican syptars ) p > NI es-0n
Sovowrn Foogtaioet b 0 @eTe-en
Mg ) °
Tt saing Tw Chy-apame Bt S3Ssicaly st Sage & okt
050 saroposive
pancponts
061208 ’ IS0 prenously
dagnosed infocsons (T4%) 7 20%)
5TR653 symplomatic 121235
@) 151%)
ZH5T6 mid wymphonmy 121 mdd sympione
Qre) (74%)
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TABLE B | 1 e rEk s AR <To'- 3 mercscsrisy, ot hospial Aprl 3057
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in Hospiral 2 the svoprevalence sapmificantdy inereased from
A% in Owneber J0D0 e L3% G Aprd 20X [p < 0001). For
both Bepitals combinel, seroprevalence incresmed feom 10%
in Dctedber M0 1o 13% in Aprd WL By ethnic geoup, the
idcneaie in seroprevelonce Wik mosl proseascad for HOWS of
African of otber hlack bedgreend [frem 14% in Oaober T30
1 33% in Aged 2001 p = 0001). By education bevel, increse
i sereprevalenee wak highest for HOWs with lower adeciron
leseelic the inceese for Thake of primary educalios {fom 1A% in
Oictisher 2000 b 2% i April B021) was high bet not sigaifieant
due tix bow numshers in this sabgrowp (@ = 0.121); foe thoss of
sevondiry beved education the increas wak sk high (feom 3.9 b
2% i i1 wak sigaafeant (3 = 0001 L By prodesssnal subgroup,
increase in seropeevalence wis highsi for genersl soppoct @il
(freen 7.6% in Ocreber 200000 22% in April 2001; p - 0ubl ) and
fine FRCAS (fromn 18% in Octeler 2020 o 37% in Ocoober MZ1; p
< D ) A cosg [ erads vakence in Ootolssr J020
andin April 2021 by participant characteristics and by hospital &
shown in Supplessentary Table & in Annes

DISCUSSION
Participation and Demographics

Oar partiipants weee damilr in e and 0 D those in
other Europesn studies {7, 29, 31). The panicipalion sale wid
woeplabe for an instiutions opl-in @udy, wes -mmpuﬂ.t
Ly ather Europess stodies (32), snd incheded

from all HOW greups, iscleling the editionally harder-to-
reich groups sech o gencral sepport sall end healthosre
msidlanis, whs may nol ogage s Degeently with hospind
Cotinianac it plabiemic,

Owerall Serocprevalence

The diferene in serepeevalence bebween e Do sils
primarily peflects e diflerende in dommumily incidence,
with a correspodndig higher seroprevalince eemn in the mwre
denigely populited capital ciry of Dabdin, which ks had highss
comavanily mcidence theouglsil the pandemic this e, (ke
sludics have ales showm commusiry incidesse o Be oe of
&ﬂhfﬂmiﬂq&:ﬁq-ﬂtmﬂtﬁfllﬁ, i), Thes wie s
sepoprevabenoe af bath sites eflocts the magnitude of the diard
wiree ol the pasdemic Broughout Ireland. The relatively higher
increase in seroprevalence in Hespital 2 compared to Hospitd
1 likely refleeis the faon thet the community indsdence @ the
Calway drea appreached that of the Dublia incidence during this
Diird OO TD- 19 wawe (110,

Thediflerence in everall scroprevalence wis also likely T buve
been mnpacted by differencss in boapital infrasiructene. woek-
pracrices, bed. dow pansgement. and the Siflering demgraphic
aredl gocial lactors by HOW eole al each site. Beoad work-place
pracices in both Bespitab have been similar throsghout the
pandemic, including wind-based medical peams dnd univeris
use of lsce misks. There wene B Bsues with personal peotective
equipment (FPE) availability in either of the hospitals iswalvid
i our spady a1 any siige thus (e dering the pandemic, and
whene slafl were re-deplopad 1o improve te hospitals capacty
W dedd with the outheesk, @l were not deploped o areis

it wondd have besn owstside of theie soape of peactice, snd
el srafl had craining on the correct use of PPE. Bath haspirals
cupericnced mulliple outbeests during the 3nd wave of e
pandemic, however The dbsence of whibe genome: seguencing
[WIE5) in this study peecledes idestilying the role of beapiral
oilbeeaks in influencing the ovensll seroprevalence. A mecently
published Duteh smudy {conducted prioe 1o HOW vacdsation)
used WS 1o show fhal transsaision o HOW wis begely (nam
otber HOW —inleredtingly, ey dbeownd & complole alsence of
Iranksikiion brom palienl [ HOW (35). While thi sy be e
case in oie cobo, dee (oot thar HOW robe and paliest progiminy
were independent risk facloes bor senapesitivity lead 1o believe
theal acquisition by FIOW in the hasgital semting may have been
from both patients and otber HOW. I is sl dificulr pe idesaify
the: prnportion of the ik that is anrdutahle 1o the workplace
vi the comemanity houschold! social fesors It is likely tha
transmiiion also ek plice in e houschold, whese higher
attick rale sre seen (3], I b6 also unclear if differentisl timing
and spread of VO in cach bocalion sy bave inspacted overall
seroprevakence. Acosnate assesment of the vk 10 HOW in escl
of these situaiens and environments, amd the impact of %00 on

] F | el WS af all HOW with
confrmed nlection. Real time pesuls would be ideal in onder 1o
indeormm local IPC sneusures.

The everall seroprevabenie in both Binpitals was higher thes
the Eoropean aversge of 85% in & recemly published meta-
snalysis [37), however this meta-anslyss only ook into scoount
sbudies publisked up uncd August 2020, Individeal siediss womss
Europe in the fiest year of the pandemic showed & wide range of
SARS-CoV-1 seroprevalence smerg HOW (1-45%) (7, 31, 38-
41} A pecestly publihed sudy of ever 800D HOW in Raly
showed & seropeevalence of 12% HCW, h [
iuﬂgﬂumgmtﬂmﬂmﬂpduﬂhylﬂlﬂﬁl‘l
A absly e i g1 HOW Bai risen aososs
hﬂdiu@:udhmmmmmd.umuudpmnu
it b i Dredand, howewes, to the best of eear knowledge. deere are
e prablished studies estimating SARS-CoV-2 seroprevilence in
HOW in Ewrope b D21, s cssnparing this 1o seneprevilence
i 2000

Seroprevalence by Role and Type of
Patient Contact

Duaily contect with patients with keswnlsusgectad COVID.19
indecraon was aiodisted with higher senaprevalence, fallowed by
dasily conte with patienis withou! keown or sepecial OOVID-
19 infedtion. HOWs with Enle or o palical contact bad e
liwest sevoprevalence, hinwever we ihowed in October 2000 that
- pralaenl - fﬂn;itﬂlwlmhuﬂ'mhttmnm
wiere maoee Eely wo have bud e adectaan [1e, W
be smtibidy pisitive with no biitery of PCR-confirmed COVID-
19 infection (3] This reflects e Andings of ether smdies,
mddq_annmﬁwmmntmmum{xmhr

200 {23, 42-4d) In terem of worling role, Being @ nurse of a
HOA carsied & higher aR R, likely sbio veil ecting the chise pation
comtact irvolved in performing theee roles. This fnding has also
been shown in ather kinge Fanopesn sbadie (321

Pl ini Maiicine | wewvw: imoniareiniang
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The wreprevalence among general support sl (whick
inchides domeatic and catering stafl mainbeninse, securily amd
pommers] tredad from October 2020 8o April 3021, This inceede
wiich inn both locstions and was scross all groups in this cabegory
[Supplessentary Table 21 in Annea) This wis pusibly relared e
outhresks amonga these stafl groups, thowgh i was ool clesr
whether these omtbreaks were related 1o the workplace or st
There may b ingroper complisnce: with use of PPE, and fstgue
with orber chements of infedtion prevetion and conteal {TPC)
precastions as e pandemic his pregresed. There are likely
iy s b other social fectors involved that ewr study wis mot

designed o asses.
Previous Symptoms and Testing

Minclcen porcenl of participants with detectsble atibodis
repomed mever Boving cuperienced svmplosns thal  werne
consiilent with infection with COWI-19. Ths Gl withia
e Beoad ramge reporied by other sudies [45) Thise wha
had svenpiomati indectsen bad o higher eite of antibody
posativaty this those who hed an symplomstic et (90
v 51%), which & ales in keeping with other peblished dus
(46 Ower a quarter of participents repomed having COVID-
19 Like sysrploms & some slage bul never having & positive
FUR. This highlights the polential overlip in symgloms with
other circeliling viruses, induding shaseviruss which wese
circulsting widely over the winler of 20021 in Ereland (47,
end is & reminder of the imposibility of chnically excluding
COVID- 19 nlection in FNOW with symploms, incheding in tese
with only mild symploms, epedally over the winter period.
B sy Baghlights e complexity imvobved in developing cise
definition snd testing guiddines e ic individuali.
hiuﬂlﬂmwummmmh
syntplorns, which ceinforces e nead for clesr messaging sbout
wvailability of and indication for testing.

Undiagnosed Infections

I bty Beowpilahs, the sernprevalenie wis higher Than e known
FR-confmued dtagneses of COVID-19 imnlation of the same
tigmeframe (21 va 18% in Hospiied L, and 13 w. 92% in
Hinpital I) (48] Over & guarer of infedions were undisgnosed,
u:llhueuihuundhpmﬂ:llnfmhnmmmuutp
e have been asysplomas. This propestess of aad

il tion mdmdfmmmumammmmwdq-
due o increased weting and increased gwarencs, howesver it
pemsirn high despite both boapitals having onsite PCR tsting
wvailable 1o HOW with sympiloms o thise identified i o choe
coitact with a confirmed cie of COVID-19 feom mid-March
M0 Thike with endiagresed infection fall inlo pwe calsgories;
e with wymplomatic nlection, end e who did Bave
svrtplosns but did not seek iesting. Miest of these andisgnedsd
infiections were asocisted with sone or only mild symploms,
hoisever it is @il pesible tha these undigrosed HOW were
woeking during e indertious period with potestial for snwand
Irkfonttsion o patient: and other stall memberns @ proper e
uf FPE and ether [PC memures wene ol sirictdy adhered 1o,
Omwards transmision in e bomebeld i oven mere likely
i this seiieg, where sogoing unprolected cose contac &

likely. Easy secess Lo esling, ecarly detaction of indection, and
ongoing adherence o standeed infecien control precastions &
ol fasnek, i well i e appropriste use of PPE inchiding lace
ntaills in the beapital seiing, imsgective of symiploms cemsin
impertant (49). This fAndirg sho suppons the recemmendation
for screcning of wymplomatic sl incheding vacinsted sl
in cerlain suations, when a hospital outbeesk of inlection
with QOVIDLIS geoars. The exact pole and methadology of
riuline asymplemalic screening, diber widsipread or in certain
HOW groups, remains 1o be defined. Regarding thise who Bad
symptoms bul did fet seek wling, concernal effeats need bo be
ntade 1o ensure all HOW groups, including those who sre non-
paticnl-facing, are aware of the sralabdiny of end nead pe weck

wdvice eegarding esting.

Risk Factors for Antibody Positivity
The main risk Gcees @arsically significemly asocisted with
antibody positivity (in decreasing oeder of ARR) were Being a
HOA, being of Black ethaicity, working in Hespital 1, kower
lewel of education, beisg 4 nuese, having Saily contact with
paticnts [specially thise known or suspecied 1o bave COVID-
19 infection), being age 13-19 pears, living with other HOW
el being muale. Seroprevilence by age and ses were similar to
previomly publiseed lieratare (4, 13, 37). Sawdar findings of
inereaked ek with diveet patient contect, tee role of HCA, snd
working with paticats with OOVIILS infedtion have o been
repurted in the litsramee [7, 37, 50, 511

Agart fremm the changes in seroprevalence by rele discusesd
awe, there were Mwo main new lnding oo melivariahle
analysis berween Octelber 2000 and Apeil 20021, Firsty, kower
lewel of education eneerged ai an mdependent ik factor for
scropaslivily. Lower socho-oomnomic slatus bas boen previoaly
meted 1o corselate with ancreised ridk of COVID-19 infeaion,
and incremed sk of peor dinical oulcomes (52, 53). The
st potable gew finding was a dhange in the seropesitivity
by ethnic group; the sereprevalenee amongt thise of Bk
cthnicity trefdal [fFom 14% (16/013] o 43% (D7) for wn
sRE of 1.7 (95% CI 13-L2, p < QO01)]. They were b mone
likely 1o be wymplomatic, el mol sere By o have oo
undiagnosed infecion. Those of Asisn ethniciry hed a higher
risk of seropmativity in Ooober 2000, bur this Anding wis bo
loager significant in Apeil 2001 Both of these ethnic groups. as
well o other minorily ethoic groups which were likely under-
represented in our study, Bave been shown o Bave increased risk
i ether sudies (37, 54-56). There ace likely 1o be social oo
contribating to these etbmiciny- relited fndings in bath hospivals
theat vidr #udy did st snessure. Etheseity and level of educaion
haree been shown thromghoul te pandemic s be aseciled with
seropostivicy and with poor oulcesses of OOVID-19 infedtion.
There muy be sonee unmodifidhle fcboes conbribulisg b this
risk, hewerer ol cffons seed 1o conlisse o/ be made 10 mitigane
bl il pisk fac oy amongsl thee groupic we cannol isame,
cven of this sligge of the pundemic. thet edecational mesaging
regapding risk reduction buas resched all growsps aqually,

Living with ether HOW carrded an increased risk for
serupuEiviry, similer s our peevioms Gndings. This suppons e
sy Thal & propoion of the HOW contracting COVID. 19 are
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duing &0 i iheir bonte cnwironment This nding was sbroager in
Hisgital 1, where the commvaninty incidence wis higher and the
densiry of shared living space & also likely 1o be Bigher. Ot
studics have found coenclizon between site of Bouschold and
wrtibesdy proitivicy [31) o will i higher riak of COVID-19 with
& kssvwn household contact {57). Tao the bem of our keowledae
oirs i Ohee At gDy Lo com maent on a significent risk of antibody
pastivity in HOW Bving with other HOW. This Aading wis
cottitid Lo both of el e recureeys [ 230

Antibody Response to Vaccination

Mot participinis were either folly or partisly veocinated.
All Pully vaccinsted panicipants, end the sujosity of parially
vaccinated paricipants, hid Sewectable anti-5 anilsdies Ty
studics have also shown high s of seropeitiviy alter both
firsl end second dose vaccination (15, 58, 59 There wene
leis Endectiore in thoce folly vaccinated than in thise parially
vaccinated (13 v 6% ol participants reperted inlection pest
first amd secomd vaccine dode, respecively), despite the G
et almost ol of eeee participents had detecisble sntibodies.
The 23 breaktheough infections, in 06% of the fully vaccinaned
study population, are in keeping with te raie of breaktheough
infections ceperienced inlenationally (60], These breakihrough
irlsctions serve as 4 peminder Bl vacciration dos nil prevent
infection aoquisition, even in e setting of conflrmed seoologiosl
respones Go vacciaation Most of those with breaktheough
infections hid me sysptoms, i keeping with the Eerabes:
on vaccine effecivensss in raluction of severe symploms and
hospatalization {61, £2) however e aslerd are L wimall for
any slatistical comparissn with symploms in thoe who wese
usvaccifatal, I would be pradent for o IPC measens Lo
pemain in plie in the boapitsl seiting, inchding for vaccisnated
HCW, while pescarch is ongeing inle the affects of wodinalies
on inlecen sogehilion el onwenls transmissden of SARS-
Col-1, including with WCs. Vescinaied HOW should sl e
exempl feom messures discussed alsvve in redstion b minimizing
the rabe of esliagpneed infedion (sooms o s, siherenie
e standerd 1PC precautions and inddsion in screenisg of
ypmnplomaris stafl in the cise of o hosgital oethreak )

LIMITATIONS

This sbedy his seversl Beialiess Firaly, informalies om
CONTI-19 symupiesns and PR 1t resulis were self.reporisd
i e coald be bissed aned could mol be verified. Sevemdly,
bl the uptake rale wis gosd for an opl-in siudy, it wis
lovwer thas the upleke bor FRECISE |; declining inlercst in
pescarch in e ared of COVID-19 & 4 suurs] phenom e
i the pundemic progreises, Many siefl o ohii podnt in line
already knew they had been infected sand therdore sy Buve
less ingered in paricipatieg and aveling of serology tesiing.
Mot s1afl haed been vaocinsted and therefoee may ebio Buve
& degpee of comdon thel preduces ks intersa in kaowing
ezar anlibody s, Thio oowld bkead 1o undercilimalon
of the overall seropeevalence. FRECISE 2 peok place during
e third wave of the pandemsic in [reland, which wis
e Burgest in magaiiude esd the longes. Thier Dmilatioen

e indecrad afier full vecdination, end ales dar infoemston
o biological lators, &, co-morbidities, was nol available.
Althwrsih the communication slealaly wis an imporisal pen
of the recruimsent peocess, the audy toesk pan dudisyg our
eird wave of the pandesse, durag Level 5 eesirictons— e
highest keved af OOVID- 19 natienal eestrictiorn—and therelone
bay relind hewwily on engagement with inleemation technoligy
(IT) pladforses {esmil, messenger groups, hpital ntranet] send
less o fice-o-leee announdements. Thindly, as with ol op-
is sludies, there may B o sedection bids. Those whs held beea
vaccinaled may have had lew interesl in participating due o
less cariosity aboul their own serosistus, and therefore we
iy have underestimanad the overall vaccination @abe of e
werklonee (however vadcinalion cverage amongsl our siudy
participants equales o ol enpabdlishel beopital dats so we
feel the study populafisn was represenitive on this frong.
Conversely, thine who were anviccinated sy have had & fear
of berving W anmounce their vaccine-status 1o the stedy team,
despite pesults not being Enked 1o cecupalions] health reconds,
gnd these wha had Been vccimaned may have been moee By
b participste i they may be moee likely 1o have heslth secking
behavior. The online cofen! proces, questionnaire, and blood
best bocking wysiem siiks exchmion of Thise who are less Bierate
in IT. This was entifind a5 a potentisl limilstion from e
stan, amd alempts were made w0 miligate this selaction bias.
Mullilargusge sndormation and plin English were used, snd
groags identifiad as petentially @ risk of exchaion on this basis
were targeted dieectly for mcluses in the wedy, with small-
growp scasdis Do sl consent and questionnaire completion
snd walli-in clisics for phichotomy. We do not Bave individeal
lewel information on remens for mos-participation, of sodio-
demesgraphic saves of son-participan s for comparison, but level
of uptske by profcsione nele wie deented o be represcnlative
of the bespital HOW population in both hospite. The sbsence
of et sejuencieg dals precludes idestifving the sole of
hospitad cuthresls in infeencing te overall seroprevalence, as
wiell g drawing sny definite concbmions reganding aitsiburabie
Fisk o e weakplace va the comsmesily foe HIOW.

Detection of anli-spike andeady in conjencion with a
sdf-peporad history of vacinstion wis considered o be as
& mmpotse Do vaodnation. I & possle thar some of dhes
parcipants may bave detecisble aiapike antdudy relstal w
natural infiection; these were not countad when msessing overall
seroprevalence of prevamed puit infection, and therefore this
overall seroprevalence may be an underestimate. Seroprevalence
cotild also B undercilsualed bevause recenl infection could
bre miseed i severs] diys ape seguined for seroconversion of
SARS-CoV.2 infection. Finelly, wme [ebie negatives and false
pusilives sre exgecied with all lboratery 1sis When the ctimate
of seroprevalence & adjusied using the memulactuners aumed
specilicity of 99.8% and sersitivity of 99.5%, the seroprevalence
does ol change [ VE%; §3% O 17-19%)

COMCLUSION AND RECOMMEMDATIONS

Ta e best of eur knewladge there & ne other publided study

L dale estimating SARS- CoV-I scopeevalencs in & hege HOW
groap in 2011, This wedy is a unique comparison Btueen
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rwea hospitals in areis of differing communiry incidence al twe
puinis in lime The rise in senogrevalemeos hetwoen Ooiober
2020 and April M2 refleas the magnivede of the deird wave
of the pamdessic in both beeati Many of the risk el
identifien] proing poward hospatal acquisition of infection [HOW
robe and Type of patient comtact) while others suggest thar
infeclion was acquired in the houschald (hving with others,
livisg with other HOWE g sequencing & needed Lo
idensify the sole of hisgital outbeesks in influencing e oversll
seroprevalence among HOW, o wdl ai o draw conduibens
regarding atributable risk to the healthosne envinamest vi the
oty of Beuschokd.

Ciur study highlights the changing epidemiobogy with different
wives aof e pandesde, and in Jdiffevent bacations. Merc
serodogical suidics are seadad in HOW worldwide 1o asees
i changes in sk Eacloes s the pundemic grogreses. While
cich wie of the pandemic may be asodsed with different
risk facters in different localions, many sk Geciors alss remain
S is the pandemic conlimees wosldwide, such as the
imsociation of seropositivity with bewer kvd of aducation and
cibmicity; the ongeing peesence of these risk laors & year
ard a hall into the pandesic may indicate al some groups
have st been adequately reached, despite wides peesd messaging
and education. Concerted effers are secdal 1o specfically
miligate modifiable rek facrees such as etbmiciny amd beved
of exducation.

The antibudy cesponie 1o vacdingtion b reassering bewever
flirther spucdies are noaded 1o correl lugical pesponie with
funational mmunicy and pe estimane duration of peoledion fnrem
infection, particulily with the ongoing amengence of variants of
concern. With emerging evidence of redection in tranimiion
from vaccinaed individmb, the ssthon strongly endore
imadule vaccinalan of all HOW who have nol yel beem
vaccinated. Our spady did show confimued infection in a small
minerily of fully vaccinaed participents, all with appeopraale
anlibedy pesponie Do the vaccine, therdere mesaging o
HOW eegarding the ok amd Emits of veccinetion neal o

The proportsn of ialeclions thal were previsusly
undisgnosed decreased froim Octeber 000 0o Aped 2021 bur
pemained high. [n light of Bbuth the endiagaosed inletions and
e beealmbrough inlections in viccinabed individus, cogning
sdberence 1o ol inlection prevention and conbmol sendards
in the beiltheare sefling amd | Bpold are It
is cisential tat HOW have caiy aices bo loling, cven with
mild or no symploms, and even in the  posl-Facd nilien

SARS-CoV-2 infemion sbsuld indude SARS-CoV-2 WGS and,
il posible, SARS-CoV-2 WGS ol ey cases idestified vy
felliw-up, i well s assesament of § iald hom & il
of infection, in oeder 1o sdvnce understanding of sk (eors for
breakbrough infectaon
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HOW are an ddeally positioned greup for this due 1 e
increased esposure, and in the inlerim, we dhould nol chaage
cilallishiad inlection geeveilion and comlned mekans o
esling protocob aeergst HOW on the busis of waccinalien
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SARS-CoV-2 anti-nucleocapsid assay performance in healthcare
workers at baseline and 6 months
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Abstract

Introduction Serological SARS-CoV-2 assays have an imponant role in gesding the pasdemic respomse. This research aimed
10 compare the performance of 2 amtinocleocapsid assays.

Methods Serum from 49 HCWs was analysed at baselise and 6 months usiag the Abbott diagnostics SARS-CoV-2 1gG
assay and the Roche Disgnostics Elecsys Antt-SARS-CoV-2 1ol antibody assay.

Results A1 baseline, 1449 participasts (29'%) demosstrated astibody reactivity using the Abbou assay. At & months, /14
participants (29%) comtineed %0 demoastrate reactivity. A sotal of 14449 (29%) partcipases had detectable antibodies ut
baseline using the Roche assay. 1o 1ok, 1314 (93%) of parucipants densomstrased sssibody reacuvity a2 6 montds. The
Abboat assay showed a statistically significant diffesence in the sigmal-to-threshold values of baseline reactive samples whea
repeated at & months (p = 0L001). This was not seen with the Roche assay (p = 0.51)

Conclusion In this small stady, the Roche Diagnostics Elecsys Ami-SARS-CoV-2 total asibody assey appears superior in
performance w the Abbont diagmostics SARS-CoV-2 1gG assay in accumtely detecting participants with 2 history of confiemed
COVID-19 disease at 6 months follow-wp. This finding should be born ia miad in the plasning of futare seroprevalence
studses, especially whea conssdering the use of anti-nucleocapsid assuys.

Keywords Antibody - Ant-nucleocapsad - Assay - COVID-19 - SARS-CoV-2

Introduction Such assays have several importast roles to play is our

resposse 10 the pandensic. Epidensiodogical studies sech as

Stgnificame interest has sarrounded the accuracy and utilisy
of assays for e desection of SARS-CoV-2 antibodies since
the emergence of COVID-19 ia late 2019, and substantial
resoarces have been allocated to developeg and validating
ihese assays since the disease was declared 2 global pan-
demic in early 2000,

1 Colm Kerr
colmberr® gasel con

' Deps of lak Dex S Jenex's Hospatal,
Dublin, breland

*  Dep of Clmical Madiciee, S1. James's Howpetal,
Tty Colices Dublis, Dublin, beland

' Depatrmene of Climical Macoobidogy, S James's Hoopital,
Dublin, Iclasd

' Depatmert of bnmmclogy, St James's Howpital, Dublin,
leckmd

SCOPI (Study o Investigate COVID-19 Iafection ia Peo-
ple Liviag in Ireland) (1), national programme assessing
seropositivity in consmumity-based healtheare workers | 2) oc
moce localised stadies focusing on specitic hospitals such e
the PRECISE soady (Prevalesce of astibodies to COVID-19
I Irssh Healtheare workess) |3 can help us betser undes-
stand disease spread and exposure at overall population =
wedl us at nassonal pad local healdhe are worker levels. Assays
will continue to be impoctase In assessing hast vaccine
respanse in trial participants [4) aad potentially 1o tnform
individual risk of disease |$] with signiicant implications
for healtheare workforce plansing, thoagh fanber research
00 this area of post-infection knmunity is required.

This rescarch comspares the baseline SARS-CoV-2 ami-
body response and antibody persistence a 6 moahs in
healthcare workers using two asti-audeocapsud assays.
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Methods

Ethical sppemval for this study was granied by the 52 James's
Huospinal and Tallaght Usiversity Hospital research ethics
commimes in April 2000 (referemce 2004 List 15).

A validariom sesdy in o comvenience sample of 4% health-
care workers ol 51, James's Hospicel, Duoblin, wes com-
menced im April 2034 Serum semples were wesied for
SARS-CoV-2 antibodies msing rwo leborsory validased
sy, the Roche Dingnosoics Elecsys Ani-SARS-CoV2
1ozl aniibody assey and the Abboi dingnostics SARS-
Cot.2 1gl s=ay. Testing was repemied in Ocioher HA0

Auisay resules were interpreted using the manefsoiur-
ers’ recommended ow-off index (OO0 values | Abbon
OO = 1.40 = reactive, Roche O > 1.0 = resctivel, with
valses below this OO being deemed non-reactive. In Ooo-
her 3031, Abbou updmed their SARS-CoV-2 1l sssay
guidance [ Abbon Diggmostics Product Isdormanion Leier
PILIOS0- 30X w isclede an opuonal edinble “greyvzom"
with a O of (1.5-1.5% which they advised “must be meer-
preted by e clinician in the conbext of relevom clmicnl and
Inbaramsy imformation on the patiesa™.

[ana were analysed usimg MS Excel 20006 and Simn vid.
The Wilcoon sigeed rank 126 was used o exansine the dif-
ference bemween the baseling and 6-month signal-o-thresh-
ald values.

Results

A tonal] of 4% healthears workers (32 female and 17 male)
pamicipaied in the spady. There were three cohoris of pas-
ticipants (Tabde 1) those who had (1) experienced symp-
i and hisd O0% T 19 dise s comfirmed by KT-PCR for
SARS-CoV.2 (= 14}, (2} those who experioced sympuoms
but were RT-PFCE ni-detecsed for SARS CoV-2 (a=15)
amd (3} thweee whis were ssympinmatic and did noc endergo
RT-PCR sesting (=204

Tahle 2 highlighes & marked difference im the perfor-
mance of the Abboal, and Rioche assays can be seem in the
shgmal-o-thresbodd values at Baseling and 6 montbs s

e RT-PCR-deiected pamicipams. The sverage signal-in-
thoreshiold valess usisg the Abbon mecsy (0002 |40=rem-
mve, L4 - 139 = “greyzone”} in this cohort wes 4.7, Ax
t mantks, tve sverage value had fallen wo 11 (p =00 ).
This comtrasts with the Roche assay (C7H 2 1{l=resctive)
where the svermge value at baseling was 31.6 and rensined
abvive the OO0 6 montks laer ar 3008 (p=(43). There were
nis statistical differences im the sigmal-in-thresbold values s
baseling and & montks for either ssey o the RT-PCE not-
desecied ookt of the Eymplomanic color.

Thimeen panicipans returned renctive iesis & haseling
ot bt Albdboat and Bocke msays (supplementary material).
Fourieen participants deneonstroed rescuvity o baseline
using the Ahbaon assay (12 from ge ET-PCR detecied group,
1 from the BT-PCR desecied group mnsd 1 from the ssymp-
mane group — this pavent bad recemaly returned from an
area af high SARS-CoV.? prevalemce). Four of these con-
mnued o exhibin reactivicy & & months {all from the RT-
PCR-desecred gromp). There were 3 “greyeone™ resalis a
b dimee, rwi from the RT-PCR desecizd groep mmd ooe from
e BT-PCE not-detecsed group. At 6 mcmths, there were 7
“greyaome” resules, 3 from the RT-PCR deieceed group (a1
of whom were resctive m baseling), 1 from the RT-PCH
nod-desecied growp (e same partcipant os baseling ) and 3
fromm the asympiomanic group (soee of whom were deemed
o b reactive of im the “greyzone” ol baseling). One of
these asymplsmanc patients exkbibied & reactive resalr s
te miniks wsing the Roche assay, likely representisg imerim
nouisition.

Foamesn partcipants im winl exhibiied resctivity using
the Boche assay m haseline (13 from the BT-PCR detecied
group and 1 from the BT-PCR not-desected gromp). Thir-
teem connnoed w0 denwasnaie rescuvity esing this assay s
s manths | 12 from tee BT-PCR detected group and the same
participas from the BT-PCR not-detecied growp), alomg
with 2 new participants (one from the RT-PCR deiecsed
groap and ome from ke asympromatic group who was
ihceghi 80 have had experienced ssympiomatic isdection )
(this pamicipam exkbdbited o “greyzane™ result ar & months
ot e Alvbont pseay ns mestioned shove)

Figure | highlighis the sigmal-in-thresbold irends of par-
ticipamts with resctive assay resulis m haseline. Fourteen

Table 1 Hawc demographics of

Crllurss Symy 4 Syray ic bet COVID- 19 Asympiomois
perczpanis firmmcd COVID- [# by FUR  so detecied on RT-PCR

ol 3 4 (L]

Fomale 1] 1] 5

Slicdian ape {DOHE | 43 e (H1-5T gy 46 yru (5] yeu) My {X2-3E )

Hospibained i L] iy

Average day pusi- 30d21-36d) 12 d (32-835 di iy
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Tabli I 5ipnal-o-threskadd vakees of sosays in all cohoris 3 bochiee aed & mcnths

L. Confrmed COVID- 19 dsca
SARS-CoV-1 deiecicd by RT-

2 SARS-Co¥-2noi- 3. ET-FCH nof sicd
detericd by BT-FCR

R
Albboti digeostics SARS-CoV-2 el axsery (00 zx |40 =rcactive, 051 3% = “proymoec™)
Racti ve ol hascbne i 1 1
“espume” 3t hocline 2 1 0
Mon-reactive sl haacline i [E] 14
Bancline mean sijpral-o-theeshold value (sandand devia- 4.7 (140 Ty 1 0.1 ol
e
Reactive af & manibs 4 0 i
“esyume” ot b mosihs 3 1 3
Meon-reactive a1 & months 7 19 (3
B-monh mean sigeal-in-threshold value (stasdard deves- 111D UETRE (RET] LT ILXTp
[
pales Lk p=illl} p=0Id
Roche Desguostics Bloceys Anti-RARS-CoN-2 ital ansbody asay (00 2 10 =scactive)
Rracteve ol bascbne ] I i
Meoneractive 3l bawline I 19 LS
Bamscliee mean signabis-iheeshold value (sandand devis- I0&(31) 1.2 4.8) 7 oy
it
Rracteve of & monibs ] 1 ]
Meon-reaciive 5 & months I 19 14
-monik mean sigeal-io- breshold value (stasdard devis- (508 (TR L 2.0 LA NLE)
it
pales pei4l p=ll7l peidl

pariicipants demonsmared baseline resctivity using the
Abboar nssay. OF these 14 pamicipants, anly 4 (29%)
remsingd reactive 6 months laer with & funher 3 partici pam
samples (21% ) being in the “greyoome™. All of these 7 pas-
tici pamas Belonged 1o the RT-PCR deteciad group. There wis
& statstically sigmificant difference (p=>{001} in e signal-
tn-threshaold values of baseling (avernge 3.1 and & montks
lmier (everage 1.1}

s i L | il my rris

i i L e
i, A .

= [
T et P e 2 mm

Fig.1 This hyuc baghlighis the trerd in sy signabie-theeshold
valuex of paricipant with maciive asay cewls 2 basclne. The
rod lincs mprescnt participanis wheoss samples. romoened) reactive i
& monthy; the black ncs presesl wamples ihal wesk Som being
reactive o mm-resctive 3 & moniks. The grey Boes represesd the
'F""E‘"“m'““' reyronc” ol B mosths Abbo
onkbyl long dask "bi.:l;!.l the b C‘I:Illqiu-
reactivaly | 1.4 For Abbo# asd 10 for Riche ) The short dashed bluc
lise: eprnis the bepmning of the mamubctene’s updaicd “grey-
wone” threshok] of 05 | Abboii sy ey

Fossriesn participaes also demonsiraied haseline resctiv-
ity esing the Bocke sssay. Thirteen (95% ) remained resctive
ot t montks follow-ep (12 from te RT-PCR detecied mmd
1 froan e RT-PCR noi-deiecied group — the sames pasr-
tcipant whs also densosstraned resctivity o haseline using
the Abbait agsay ). The sverage signal-so-threshold valus s
baseline wis 35 and was 314 @ & months (pe= 051

Discussion

S publications have reponisd the dacling in ey tiore
amang patemts with COVID- 19, including Poel &t al., who
exnmined changes in anpibody deres over 6l doys [ 6], 2and the
publication from Gudbjanssom et al | 7] analysing changes
up b 110 days post osset of syngpacms. However, there wre
few articles in the lisermure that examine this response o
s months. Muecksh & al. [3] reponied the perfonmance of
rwo placforms tha emploved SARS-Coh-2 spike based anti-
geres [ ssonim Lisison and Seemens Auellica) and two tha
employed mucleacapsid based antigess (Abbon Archaiect
mnad Rioche Blecsys). Though this sudy did not ook ot assay
performasce ol f months & cur sudy bas, they dad mote tha
the semsitivity of the Abbon Archiiect declined over time.
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Lumley et al. {9] recently examined the perfor-
mance of & anti-nucleocapsid (Abbott Architect) and
an ami-spike IgG ELISA (developed by the Usiversaty
of Oxford [10]) in healthcare workers over 6 months.
They found 1hat the anti-sucleocapsid antibodies wane
within months and faster in younger adults and those
without sympeoms bust thar the anti-spike 1gG remains
stably detected.

In this small study, a statstically sigaificass drop in the
signal-so-thseshold valees from was seen in the 6-month
follow-up antibody resuks of baseline seropositive partici-
pants and RT-PCR detected participants asing the Abbot
assey. This Bnding was aot seen with the Roche assay. The
reason behind this drop is eaclear, but it may be due to the
polyvalest satere of the Roche assay.

Conclusion

Our rescarch shows the variable persissence of detectable
asmbodies among parscipants at 6 manths with two different
anti-nucleocapsid assays. The Roche Disgaostics Elecsys
Anti-SARS-CoV-2 weal antsbody assay appears sepenior
ia performance to the Abbott diagnostics SARS-CoV.2
I2G assay in correctly identifying panicipants with prior
confirmed COVID-19 discase at 6 manths follow-up. This
finding shoald be born in miad in the planning of future
seroprevalence ssadies, especially when comsidering the use
of anti-secleocapsid assays.
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