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separate information technology (IT) company (Swiftqueue) to set up a system for participants to book blood 
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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. I 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.  
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10 
 

ensure smooth processing of samples from phlebotomy through laboratory.  I 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. I dealt 

personally with any complaints arising from participants. I dealt with any errors on the part of the research team, 

including one accidental data breach. I 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. I 

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. I 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. I 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. I worked closely on the HSE communications team on all national 

communications, including announcement of the research and dissemination of results. I 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. I 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.  

I 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. I 

liaised with designated laboratory management and finance departments to organise the purchasing of the assays 

on the study account to ensure appropriate reimbursement. I provided a liaison between Swiftqueue and the 

laboratory to ensure flow of samples and barcodes from phlebotomy sites to the laboratory. I 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. I organised 

the safe storage of the data and performed the pseudo-anonymisation of the data when appropriate. I 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 I 

also matched participants common to both studies in order to conduct the longitudinal analysis. I 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.  I 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, I 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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VOC – Variant of Concern 

Pfizer Vaccine - BNT162b2mRNA – BioNTech 

Moderna Vaccine - mRNA-1273 

Vaxzevria Vaccine - ChAdOx1 nCOV-19 

(Vaxzevria - formerly COVID-19 Vaccine 

AstraZeneca)  

J&J/Janssen Vaccine - Johnson & Johnson’s 

Janssen COVID-19 Vaccine 

NIAC – National Immunisation Advisory 

Committee 

B-cell – bursa-derived lymphocyte 

T-cell – T (thymus) lymphocyte 

mRNA – messenger ribonucleic acid 

HCA – healthcare assistant 

NVRL – National Virus Reference Laboratory 

NREC – National Office for Research Ethics 

Committee 

HPSC – Health Protection Surveillance Centre 

HSE – Health Service Executive 

NPHET – National Public Health Emergency Team 

Anti-N antibody – anti-nucleocapsid antibody 

Anti-S antibody – anti-spike antibody 

PPE – personal protective equipment 

IT – information technology
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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 (SJH) 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 IgG 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%CI: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%CI: 1.2-2.1), age 18-29 years (aRR: 1.4, 95%CI: 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%CI 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.  



20 
 

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 3rd 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 I 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 CoV2 antibody levels over a six-month time period. 

 To evaluate antibody response to vaccination in vaccinated individuals. 
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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. I 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. I 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) – 30th December 2020, with 

particular focus on at-risk groups for vaccination prioritisation. 

2. Full Report of PRECISE 1 findings of October 2020 to NPHET 19th 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-

z/respiratory/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. doi: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/4otaa688p3/16yk7vqbqqt?lang=en&a=1&p=58872704&t=31302934 

https://www.hpsc.ie/a-z/respiratory/coronavirus/novelcoronavirus/research/precise/PRECISE%20Study%20Phase%201%20Interim%20Report%20January%202021.pdf
https://www.hpsc.ie/a-z/respiratory/coronavirus/novelcoronavirus/research/precise/PRECISE%20Study%20Phase%201%20Interim%20Report%20January%202021.pdf
https://www.hpsc.ie/a-z/respiratory/coronavirus/novelcoronavirus/research/precise/PRECISE%20Study%20Phase%201%20Interim%20Report%20January%202021.pdf
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4. Allen, N., Brady, M., Carrion Martin, A. I., Domegan, L.et al. (2021). Serological markers of SARS-CoV-2 

infection; anti-nucleocapsid antibody positivity may not be the ideal marker of natural infection in vaccinated 

individuals, Journal of Infection, 2021, ISSN 0163-4453, https://doi.org/10.1016/j.jinf.2021.08.012. 

(https://www.sciencedirect.com/science/article/pii/S0163445321003947) 

5. Allen, N., Brady, M., Carrion Martin, A. I., Domegan, L.et al. (2021). SARS-CoV-2 Antibody Testing in Health 

Care Workers: A Comparison of the Clinical Performance of Three Commercially Available Antibody 

Assays. Microbiology spectrum, 9(2), e0039121. https://doi.org/10.1128/Spectrum.00391-21 

6. Allen N, Fleming C, Bergin C (2021). Epi Insight Volume 22, Issue 6 November 2021 Prevalence of COVID-19 

in Irish Healthcare Workers (PRECISE 2, April 2021). 

https://ndsc.newsweaver.ie/4otaa688p3/mu46nnl6o3j?lang=en&a=1&p=60117497&t=31302947 

7. Allen, N., Brady, M., Ni Riain U et al. (2022). Prevalence of Antibodies to SARS-CoV-2 following natural 

infection and vaccination in Irish Hospital Healthcare Workers; changing epidemiology as the pandemic 

progress. Frontieres in Medicine, Section Infectious Diseases-Surveillance, Prevention and Treatment. 

https://doi.org/10.3389/fmed.2021.758118 
 

 

 

Presentations 

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

Jacqueline Horgan Bronze Medal Meeting, 13th May 2021 (abstract published in Irish Medical Journal). 

2. Infectious Diseases Society of Ireland (IDSI) Annual National Meeting, 2nd June 2021.  

3. 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). 

4. Monthly Scientific Meeting – Science Foundation Ireland (SFI) SPP Immunology of COVID-19, 2nd 

March 2021. 

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

6. European Scientific Conference on Applied Infectious Disease Epidemiology (ESCAIDE) – oral 

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

 

Awards 

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

Jacqueline Horgan Bronze Medal Winner, 13th May 2021.  

2. Infectious Diseases Society of Ireland (IDSI) Annual Conference, 2nd June 2021, Winner of Best Oral 

Presentation. 

 

 

https://doi.org/10.1016/j.jinf.2021.08.012
https://ndsc.newsweaver.ie/4otaa688p3/mu46nnl6o3j?lang=en&a=1&p=60117497&t=31302947
https://ndsc.newsweaver.ie/4otaa688p3/mu46nnl6o3j?lang=en&a=1&p=60117497&t=31302947
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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 (Ig) 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), mRNA-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 30th December 2020 until 21st 

January 2021 HCW were offered the Pfizer vaccine with a dosing interval of 21 days. From 22nd 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 IgG 

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 (Ig)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 

 To measure the prevalence of antibodies to SARS-CoV-2 in HCW in two hospitals in Ireland in areas of 

differing COVID-19 incidence 

 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 

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

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

months 

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

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

 To assess indices of immunity and protection post vaccination 

 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-C0V-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.  

 A higher seroprevalence in St. James’ Hospital compared to University Hospital Galway, reflecting 

community transmission.  

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

 A proportion of HCW with previously undiagnosed infection. 

 A proportion of asymptomatic infections. 

(There was no pre-existing evidence to guide prediction of what these proportions might be) 

 An increase in seroprevalence among HCW from October 2020 to April 2021. 

 Comparable performance of different antibody assays for the detection of SARS-CoV-2 antibodies, 

based on manufacturers’ stated sensitivities.  

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

 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). I 

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 14th -23rd October 2020 and the 19th- 28th 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 

I 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. I 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, I 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, I 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). I 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 14th 

- 23rd October and from the 19th-28th 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, I 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

 

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 I 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 (Ig) 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 IgG, 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 1a. Participant characteristics by hospital and total number of participants 

Participant characteristics St James's Hospital 

(N=3,042) 

University Hospital 

Galway (N=2,745) P-value* 
Total (n=5,788) 

  n % n % N  % 

Age 

groups 

18-29 728 24 632 23 0.717 1,350 23 

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 

background 

267 8.8 284 10 551 10 

 Any Asian 

background 

393 13 184 7 577 10 

 Any African or 

black 

background 

65 2.1 48 1.8 113 2.0 

 Other 55 1.8 46 1.7 101 1.8 

 Missing - - 1 0.04 1 0.02 

Country 

of birth* 

Ireland  2,182         72 2,091 76 <0.001 4,273 74 

United 

Kingdom 

152 5.0 192 7.0  344 5.9 

India 201         6.6 98 3.6  299 5.2 

 Philippines 166 5.5 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/ 

midwifery 

1045 34 1,019 37  2064 36 

 Allied health 616 20 475 17  1012 19 

 General support 255 8.4 179 6.5  434 7.5 

 Health care 

assistant 

157 5.2 129 4.7  286 4.9 

 Other 55 1.8 72 2.6  127 2.2 

 Missing  - - - -  - - 

Lives with 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 

HCW 

Yes 928 31 839 31 0.983 1,767 31 

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 

Participant characteristics 

St James's 

Hospital 

 (N=3,042) 

University Hospital 

Galway (N=2,745) 
P -value* 

Total 

(N=5,788) 

  n % n % n % 

Contact of a 

COVID-19 case 

Yes 1,185 39 519 19 <0.001 1,704 30 

 No 1,847 61 2,224 81  4,071 70 

 Missing 10 0.3 2 0.1  12 0.2 

Setting of close 

contact 

Contact at work 1,039 88 456 88 0.916 1,495 88 

Contact outside of 

work 

146 12 63 12  209 12 

 Missing - - - -  - - 

Daily contact with 

COVID-19 

patients 

Contact with 

COVID-19 patients 

510 17 392 14 <0.001 902 16 

Contact with 

patients without 

COVID-19 

1,611 53 1,634 60  3,245 56 

No patient contact 918 30 717 26  1,635 28 

 Missing 3 0.1 2 0.1  5 0.1 

Previous COVID-

19 symptoms 

No symptoms 1,359 45 1,517 55 <0.001 2,876 50 

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 

symptoms 

1,105 36 915 33  2,020 35 

 Significant 

symptoms 

298 9.8 230 8.4  528 9.1 

 Had symptoms but 

their severity is 

unknown 

270 8.9 70 2.6  340 5.9 

 Hospitalised 10 0.3 13 0.5  23 0.4 

         

Previous COVID-

19 PCR test 

Yes 1,685 55 1,093 40 <0.001 2,778 48 

No 1,353 45 1,650 60  3,003 52 

 Missing 4 0.1 2 0.1  6 0.1 

Previous positive 

COVID-19 PCR 

test  

Yes 292 9.6 75 2.7 <0.001 367 6.3 

No 2,746 90.3 2,668 97.2  5,414 93.6 

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 



52 
 

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.  

 

3.3.4  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 



54 
 

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 2c-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% CI 

1.0-1.9, p=0.036), daily contact with patients without known or suspected COVID-19 infection (aRR 1.3, 95% 

CI 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)  

<0.001  30-39 1,617 168 10 (8.9 - 12) 

 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)  

 0.013  Male 1,308 154 12 (10 - 14) 

Ethnicity Irish  4,444 384 8.6 (7.8 – 9.5)  

<0.001  Any other white 

background 

551 62 11 (8.7 – 14.2) 

 African and any other 

black background 

113 16 14 (8.3 - 22) 

 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) 

 

<0.001 

 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) 

 USA 60 3 5.0 (1.0 - 14) 

 Other  548 57 10 (8.0 - 13) 

Education Primary 29 4 14 (3.9 - 32)  

0.055  Secondary 684 61 8.9 (6.9 - 11) 

 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) 

<0.001 

 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) 

 General support 434 33 7.6 (5.3 - 11) 

 Health care assistant 286 50 18 (13 - 22) 

 Other 127 7 5.5 (2.2 - 11) 

Lives with Alone 479 28 5.9 (3.9 – 8.3) 

0.007  With others 5,286 546 10 (9.5 - 11) 

 Missing 22 2 9.1 (1.1 - 29) 

Lives with HCW Yes 1,767 234 13 (12 - 15) 

<0.001  No 3,919 332 8.5 (7.6 -9.4) 

 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% 

CI) 

Contact of a COVID-19 

case 

Yes 1,704 
325 19 (17 - 21) 

<0.001 
 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 contact with COVID-

19 patients 
902 136 15 (13 - 18) 

<0.001  Daily contact with patients 

without COVID  
3,245 344 11 (9.6 - 12) 

  No patients contact 1,635 96 5.9 (4.9 – 7.1) 

Previous COVID-19 like 

symptoms 
No symptoms 2,876 92 3.2 (2.6 – 3.9) 

<0.001 

 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 (2.8 – 4.1) 

Previous positive COVID-

19 PCR test 
Yes 367 350 

95.4 (92.7 – 

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 

(95% CI) 

P-value Adjusted relative 

risk (95% CI) 

P-value 

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 – 2.2) <0.001 1.4 (1.1 – 1.9) 0.006 

 30-39 1.4 (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 – 1.5) 0.012 1.2 (1.0 – 1.4) 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 2.1 (1.6 – 2.7) <0.001 

 Philippines 2.8 (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 (0.9 – 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 - 1.5) 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 2.1 (1.6 – 2.9) <0.001 1.6 (1.1 – 2.2) 0.007 

 HCA 2.9 (2.0 – 4.2) <0.001 2.0 (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 – 2.1) 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 1.5 (1.2 – 1.9) 0.002 Did not enter 

 Yes Ref.   

Workplace exposure to 

COVID-19 patients 

No patients contact 
Ref.  

 

 Daily contact with patients without 

COVID  
1.8 (1.5 – 2.3) <0.001 1.4 (1.1 – 1.8) 

0.008 

 Daily contact with COVID-19 

patients 
2.6 (2.0 – 3.3) 

<0.001 1.6 (1.2 – 2.1) 0.002 

Previous COVID-19 like 

symptoms 

No  
Ref.  

Did not enter 

 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 (Ig)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 IgG (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 IgG assay (Abbott) is a chemiluminescent microparticle immunoassay that detects IgG 
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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 IgG), 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 PI1060-2020) (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 0.5 to <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% CI; 95.8 - 100) 99.6% (95% CI 99.0 - 99.9) 

Roche Anti-SARS-CoV-2 100% (95% CI; 88.3 - 100) 99.8% (95% CI 99.7 - 99.9) 

Wantai SARS-CoV-2 Antibody 

ELISA 

96.7% (95% CI 83.3 - 99.4) 97.5% (95% CI 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 (κ) measures the level of agreement between assays, taking into account the possibility 

of the agreement occurring by chance. The κ 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 IgG 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 

N 

Grayzone 

N 

Positive 

N 

Total 

N 

% 

Positive 

Total 

valid 

N 

% Positive 

(where 

valid) 

Abbott SARS-CoV-2 

IgG 

5325 221 242 5788 4.2% 5567 4.3% 

Roche Anti-SARS-

CoV-2 

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  

Roche Anti-SARS-

CoV-2 

Abbott SARS-CoV-2 IgG Percentage 

agreement 

k statistic (95% CI) 

Positive Negative or 

Grayzone 

Total  

Positive  218 329 547 93.9% K 0.53 (0.48 - 0.57) 

 Negative  24 5216 5240 

Total  242 5545 5787 

Κ, Cohen’s κappa  

 

 

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-CoV2 interpreted result, 

among participants with grayzone results (n=221)  

 Abbott SARS-CoV-2   Roche Anti-SARS-CoV-2  

 

Arbitrary cut-off 

Grayzone Negative Positive Positivity 

n 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 

Ab 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-

CoV-2 

Wantai SARS-CoV-2 Ab ELISA Percentage 

agreement  

k statistic (95% 

CI) Positive Negative  Total  

Positive  386 3 389 97.7% k- 0.93 (0.88 - 

0.97) 

 

Negative  8 88 96 

Total  394 91 485 

Κ, Cohen’s κappa  
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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  

 

 

N 

weeks  

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 % 

Positive 

% 

Positive 

(valid 

test)  

N P T % 

Positive 

N G P T %  

positive 

% 

Positive 

(valid 

test) 

N P T % 

Positive 

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 0 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 35.3 50.0 0 17 17 100 5 5 5 15 33.3 50.0 0 15 15 100 

25 9 1

2 

12 33 36.4 57.1 0 33 33 100 9 11 12 32 37.5 57.1 0 32 32 100 

26 7 1

0 

7 24 29.2 50.0 1 23 24 95.8 7 9 7 23 30.4 50.0 1 22 23 95.7 

27 18 7 23 48 47.9 56.1 2 46 48 95.8 16 7 21 44 47.7 56.8 2 42 44 95.5 

28 20 9 18 47 38.3 47.4 2 45 47 95.7 19 8 17 44 38.6 47.2 1 43 44 97.7 

29 20 1

7 

24 61 39.3 54.5 6 55 61 90.2 19 16 24 59 40.7 55.8 6 53 59 89.8 

30 31 1

8 

9 58 15.5 22.5 4 54 58 93.1 29 18 8 55 14.5 21.6 4 51 55 92.7 

31 8 7 6 21 28.6 42.9 0 21 21 100 6 7 6 19 31.6 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

3 

150 367 40.9 54.7 19 348 367 94.8 114 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.  



Page 74 of 236 
 

3A 

    

3B 3C 

  

Figure 3 A-C Percentage of participants with detected SARS-CoV-2 antibodies by serology assay with respect to time (number of days) since positive PCR 

test, among participants who had previous PCR-confirmed COVID-19 infection and had symptoms at the time of their PCR test (n=340). Figure 3A both 

assays, 3B Abbott only, 3C Roche only.  
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4A 

 

4B 

 

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 (CIs). Note: CIs 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 

(n) 

Negativ

e 

(n) 

Negative 

%  

Unadjusted 

OR 

95% CI P-

value 

Adjuste

d OR 

95% CI P-value 

Total   274 124 45.3       

Age group (in 

years) 

  

  

  

  

18-29 79 41 51.9 *   *   

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 - 1.41 0.301 0.70 0.28 - 1.71 0.429 

60+ 12 4 33.3 0.46 0.12 - 1.60 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 - 1.61 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 

a case of COVID-

19** 

Yes 155 65 41.9 0.71 0.44 - 1.15 0.178 0.63 0.34 - 1.16 0.137 

No  117 59 50.4 *   *   

Main type of 

patient contact^ 

  

  

No patient contact  46 24 52.2 *   *   

Daily contact non-COVID-19 

patients 

162 74 45.7 0.77 0.39 - 1.49 0.437 0.79 0.34 - 1.80 0.577 

Daily contact known or 

suspected COVID-19 patients 

66 26 39.4 0.60 0.27 - 1.27 0.182 0.83 0.32 - 2.14 0.694 

Severity of 

symptoms** 

   

  

No symptoms 6 3 50.0 0.82 0.15 - 4.61 0.816 0.86 0.12 - 6.29 0.876 

Minor 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 

(hospitalised) 

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 - 1.57 0.21 0.11 0.01 - 0.83 0.061 
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Number of months 

since PCR positive 

test** 

One month 8 0 0.0 NA NA NA NA NA NA 

Two months 4 0 0.0 NA NA NA NA NA NA 

Three months 1 0 0.0 NA NA NA NA NA NA 

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 2.67 0.74 - 10.2 0.139 

*reference category 

P-value calculated using the chi-square test   

**Excludes two unknowns  

^Participants 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 IgG 

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 IgG Ab (5). Peterson et al 

and Kaufman et al showed that IgG 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 IgG 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 IgG assay (Abbott 

Diagnostics Product Information Letter PI1060-2020) 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 IgG than those who only had mild 

symptoms.  This was consistent with the findings of other researchers who found that IgG 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 IgG. Kaufman et al. showed age and male sex to be associated with the probability of persistent IgG 

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 IgG 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 IgG 

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 IgG 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-C0V-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 IgG 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.  

 



84 
 

 

Chapter 5: Seroprevalence of antibodies to SARS-CoV-2 in 

Hospital Healthcare Workers, April 2021 
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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 
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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 19th-28th April 2021, with longitudinal linking of participants who also took part in the first 

serosurvey (PRECISE 1) carried out from the 14th-23rd 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 IgG) 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 

Hospital 

University 

Hospital 

Galway 

P-

value* 

Total  

(N=5,085) 

     (N=2,945) (N=2,140) 

    n % n % N % 

Age 

groups 

18-29 653 22 455 21 0.431 1,108 22 

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 5.1 131 6.1 282 5.5 

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 8.7 219 10 476 9.4 

Asian background 470 16 129 6.0 599 12 

African/other black 

background 

69 2.3 48 2.2 117 2.3 

Other 58 2.0 37 1.7 95 1.9 

Country of 

birth 

Ireland 2,025 69 1605 75 <0.001 3,630 71 

United Kingdom 134 4.6 161 7.5 295 5.8 

India 225 7.6 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 1.1 

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 1.8 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.

6 

1,943 90.8 4,610 90.7 

Missing 8 0.3 3 0.1 11 0.2 

Lives with 

HCW 

Yes 928 32 643 30 0.284 1,571 31 

No 1,964 67 1,448 68 3412 67 

Missing 53 1.8 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 
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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 

Hospital 

University 

Hospital 

Galway 

P-

value* 

Total  

(N=5,085) 

(N=2,945) (N=2,140) 

  n % n %  N % 

Daily contact 

with COVID-19 

patients 

Contact with 

COVID-19 patients 

726 25 410 19 <0.001 1136 22 

Contact with 

patients without 

COVID-19 

1,362 46 1,138 53 2,500 49 

No patient contact 857 29 592 28 1,449 28 

Previous 

COVID-19 

symptoms 

No symptoms 1571 53 1342 63 <0.001 2913 57 

Had symptoms 1374 47 797 37 2171 43 

Missing 0 0.0 1 0.0 1 0.0 

Severity of 

symptoms 

No symptoms 1571 53 1342 63 <0.001 2913 57 

Mild symptoms 932 32 570 27 1502 30 

Significant 

symptoms 

420 14 201 9.4 621 12 

Severe (hospitalised) 21 0.7 26 1.2 47 0.9 

Type of symptoms 

unknown 

1 0.0 0 0.0 1 0.0 

Missing 0 0.0 1 0.0 1 0.0 

Previous 

positive 

COVID-19 PCR 

test 

No 2427 82 1846 86 <0.001 4273 84 

Yes 518 18 294 14 812 16 

Symptoms at 

time of previous 

positive PCR 

test 

No 95 18 77 26 <0.001 172 21 

Yes 423 82 217 74 640 79 

Severity of 

symptoms at 

time of PCR test 

No symptoms 95 18 77 26 <0.001 172 21 

Mild symptoms 162 31 94 32 256 32 

Significant 

symptoms 

248 48 103 35 351 43 

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 (CI)) 

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% CIs 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. 

  



93 
 

Table 13a Prevalence of SARS-CoV-2 seropositivity by participant characteristics, St James’s Hospital, 

PRECISE 2, April 2021 

 

Participant characteristics  Total SARS-CoV-2 seropositive 

N n % (95% CI) p-

value* 

Overall    2945 623 21 (20 - 23) - 

Age groups 

(years) 

  

  

  

18-29 653 159 24 (21 - 28) 0.184 

30-39 765 154 20 (17 - 23) 

40-49 811 157 19 (17 - 22) 

50-59 565 119 21 (18 - 25) 

Over 60 151 34 23 (16 - 30) 

Sex 

  

Female 2,278 471 21 (19 - 22) 0.240 

Male 667 152 23 (20 - 26) 

Ethnicity 

  

  

  

  

Irish  2,091 401 19 (18 - 21) <0.001 

Any other white background 257 56 22 (17 - 27) 

Asian background 470 122 26 (22 - 30) 

African or any other black 

background 

69 29 42 (30 - 55) 

Other  58 15 26 (15 - 39) 

Country of 

birth 

  

  

  

  

  

  

Ireland 2,025 386 19 (17 - 21) 0.001 

United Kingdom 134 25 19 (12 - 26) 

India 225 60 27 (21 - 33) 

Philippines 198 53 27 (21 - 34) 

Poland 26 8 31 (14 - 52) 

USA 21 4 19 (5.4 - 42) 

Romania 40 12 30 (17 - 47) 

Nigeria 25 18 72 (51 – 88) 

Other  251 57 23 (18 - 28) 

Education 

  

  

  

Primary 20 7 35 (15 - 59) <0.001 

Secondary 409 105 26 (22 - 30) 

Third level 1,280 301 24 (21 - 26) 

Post-graduate 1,236 210 17 (15 - 19) 

Role 

  

  

  

  

  

  

Admin 403 64 16 (12 - 20) <0.001 

Medical/dental 357 55 15 (12 - 20) 

Nursing/ midwifery 1097 281 26 (23 - 28) 

Allied health 612 89 15 (12 - 18) 

General support 243 60 25 (19 - 31) 

Health care assistant 179 70 39 (32 - 47) 

Other 54 4 7.4 (2.1 - 18) 

Lives with 

  

  

Alone 270 42 16 (11 - 20) 0.019 

With others 2,667 578 22 (20 - 23) 

Missing 8 3 38 (8.5 - 76) 

Lives with 

HCW 

  

  

Yes 928 234 25 (22 - 28) <.001 

No 1,964 376 19 (17 - 21) 

Missing 53 13 25 (14 - 38) 

 *Calculated using the Chi-square test 
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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  Total SARS-CoV-2 seropositive 

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

Daily contact 

with COVID-

19 patients 

Contact with COVID-19 patients 726 196 27 (24 - 30) <0.001 

Contact with patients without COVID-

19 

1,362 293 22 (19 - 24) 

No patient contact 857 134 16 (13 - 18) 

Previous 

COVID-19 

symptoms 

No symptoms 1571 121 7.7 (6.4 - 9.1) <0.001 

Had symptoms 1374 502 37 (34 - 39) 

Missing 0 0   -  

Severity of 

symptoms 

No symptoms 1571 121 7.7 (6.4 - 9.1) <0.001 

Mild symptoms 932 228 24 (22 - 27) 

Significant symptoms 420 262 62 (58 - 67) 

Severe (hospitalised) 21 12 57 (34 - 78) 

Missing  1 0   -  

Previous 

positive 

COVID-19 

PCR test  

No 2427 190 7.8 (6.8 - 9.0) <0.001 

Yes 518 433 84 (80 - 87) 

Symptoms at 

time of 

previous 

positive PCR 

test 

No 95 51 54 (43 - 64) <0.001 

Yes 423 382 90.3 (87 - 93.0) 

Severity of 

symptoms at 

time of PCR 

test 

No symptoms 95 51 54 (43 - 64) <0.001 

Mild symptoms 162 143 88 (82 - 92.8) 

Significant symptoms 248 227 91.5 (87 - 94.7) 

Severe (hospitalised) 12 12 100 (74 - 100) 

Missing 1 0    -  

*Calculated using the Chi-square test 
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Table 13c Prevalence of SARS-CoV-2 seropositivity by participant characteristics, University Hospital 

Galway, PRECISE 2, April 2021 

 

 Participant characteristics  Total  SARS-CoV-2 seropositive 

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

Overall    2140 275 13 (11 - 14) - 

Age groups 

(years) 

  

  

  

18-29 455 90 20 (16 - 24) <0.001 

30-39 565 84 15 (12 - 18) 

40-49 603 51 8.5 (6.4 - 11) 

50-59 386 39 10 (7.3 - 14) 

Over 60 131 11 8.4 (4.3 - 15) 

Sex 

  

Female 1,681 198 12 (10 - 13) 0.005 

Male 459 77 17 (13 - 21) 

Ethnicity 

  

  

  

  

Irish  1,707 194 11 (10 - 13) 0.002 

Any other white background 219 38 17 (13 - 23) 

Asian background 129 26 20 (14 - 28) 

African or any other black background 48 10 21 (10 - 35) 

Other  37 7 19 (8.0 - 35) 

Country of 

birth 

  

  

  

  

  

  

Ireland 1605 181 11 (10 - 13) <0.001 

United Kingdom 161 19 12 (7.3 - 18) 

India 68 16 24 (14 - 35) 

Poland 59 12 20 (11 - 33) 

USA 34 7 21 (8.7 - 38) 

Philippines 16 1 6.3 (0.2 - 30) 

Nigeria 10 1 10 (0.3 - 45) 

Romania 5 3 60 (14 - 95) 

Other  182 39 19 (13 - 36) 

Education 

  

  

  

Primary 2 0   -  0.485 

Secondary 200 28 14 (10 - 20) 

Third level 964 133 14 (12 - 16) 

Post-graduate 974 114 12 (10 - 14) 

Role 

  

  

  

  

  

  

Admin 273 21 7.7 (4.8 - 12) <0.001 

Medical/dental 356 61 17 (13 - 21) 

Nursing/ midwifery 794 114 14 (12 - 17) 

Allied health 432 29 6.7 (4.5 - 9.5) 

General support 122 21 17 (11 - 25) 

Health care assistant 112 23 21 (13 - 29) 

Other 51 6 12 (4.4 - 24) 

Lives with 

  

  

Alone 194 19 10 (6.0 - 15) 0.180 

With others 1,943 256 13 (12 - 15) 

Missing 3 0   -  

Lives with 

HCW 

  

  

Yes 643 106 16 (14 - 20) 0.001 

No 1448 164 11 (10 - 13) 

Missing 49 5 10 (3.4 - 22) 

*Calculated using the Chi-square test 
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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 

with COVID-19 

patients 

Contact with COVID-19 patients 410 69 17 (13 - 21) <0.001 

Contact with patients without COVID-

19 

1,138 170 15 (13 - 17) 

No patient contact 592 36 6.1 (4.3 - 8.3) 

Previous 

COVID-19 

symptoms 

No symptoms 1342 48 3.6 (2.6 - 4.7) <0.001 

Had symptoms 797 227 28 (25 - 32) 

Missing 1 0  -  

Severity of 

symptoms 

No symptoms 1342 48 3.6 (2.6 - 4.7) <0.001 

Mild symptoms 570 107 19 (16 - 22) 

Significant symptoms 201 102 51 (48 - 58) 

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

Missing 0 0  -  

Previous 

positive 

COVID-19 

PCR test 

No 1846 45 2.4 (1.8 - 3.2) <0.001 

Yes 294 230 78 (73 - 83) 

Symptoms at 

time 

of previous 

positive PCR 

test 

No 77 36 47 (35 - 58) <0.001 

Yes 217 194 89 (85 - 93.2) 

Severity of 

symptoms 

at time of PCR 

test 

No symptoms 77 36 47 (35 - 58) <0.001 

Mild symptoms 94 83 88 (80 - 94.0) 

Significant symptoms 103 93 90.3 (83 - 95.2) 

Severe (hospitalised) 20 18 90.0 (68 - 99.0) 

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. 



99 
 

 

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 Unadjusted relative 

risk (95% CI) 

P-value Adjusted 

relative risk 

(95% CI) 

P-value 

Age groups (years) 18-29 1.2 (0.9 - 1.4) 0.174 1.2 (1.0 - 1.5) 0.107 

30-39 1.0 (0.8 - 1.2) 0.677 1.0 (0.8 - 1.3) 0.909 

40-49 0.9 (0.7 - 1.1) 0.437 1.0 (0.8 - 1.2) 0.887 

50-59 Ref.  Ref.  

Over 60 1.1 (0.8 - 1.5) 0.697 1.0 (0.8 - 1.5) 0.655 

Sex Female Ref.  Ref.  

Male 1.1 (0.9 - 1.3) 0.237 1.2 (1.0 - 1.4) 0.104 

Ethnicity Irish Ref.  Ref.  

Any other white background 1.1 (0.9 - 1.5) 0.312 1.1 (0.8 - 1.4) 0.516 

Asian background 1.4 (1.1 - 1.6) 0.001 1.1 (0.9 - 1.3) 0.571 

African or other black background 2.2 (1.6 - 2.9) <0.001 1.8 (1.3 - 2.4) <0.001 

Other 1.3 (0.9 - 2.1) 0.187 1.3 (0.8 - 2.0) 0.249 

Country of birth Ireland Ref.   not entered 

India 1.4 (1.1 - 1.8) 0.005   

Philippines 1.4 (1.1 - 1.8) 0.007   

United Kingdom 1.0 (0.7 - 1.4) 0.908   

Poland 1.6 (0.9 - 2.9) 0.108   

USA 1.0 (0.4 - 2.4) 0.999   

Romania 1.6 (1.0 - 2.5) 0.065   

Nigeria 3.8 (2.9 - 4.9) <0.001   

Other 1.2 (0.9 - 1.5) 0.162   

Education Primary 2.1 (1.1 - 3.8) 0.020 1.6 (0.9 - 2.9) 0.115 

Secondary 1.5 (1.2 - 1.9) <0.001 1.5 (1.2 - 1.9) 0.002 

Third level 1.4 (1.2 - 1.6) <0.001 1.2 (1.0 - 1.4) 0.103 

Post-graduate Ref.  Ref.  

Role Admin Ref.  Ref.  

Doctor\Dental 1.0 (0.7 - 1.4) 0.857 0.9 (0.6 - 1.3) 0.673 

Nursing 1.6 (1.3 - 2.1) <0.001 1.5 (1.1 - 2.0) 0.008 

HCA 2.5 (1.8 - 3.3) <0.001 1.9 (1.4 - 2.6) <0.001 

General support 1.6 (1.1 - 2.1) 0.006 1.3 (0.9 - 1.8) 0.152 
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Allied HCW 0.9 (0.7 - 1.2) 0.559 0.9 (0.7 - 1.3) 0.754 

Other 0.5 (0.2 - 1.2) 0.123 0.4 (0.2 - 1.1) 0.093 

Lives with Alone Ref.   not entered 

With others 1.4 (1.0 - 1.9) 0.024   

Lives with HCW No Ref.  Ref.  

Yes 1.3 (1.1 - 1.5) <0.001 1.2 (1.0 - 1.4) 0.011 

Workplace exposure to COVID-19 patients No patient contact Ref.  Ref.  

Daily contact with patients without COVID-19 1.4 (1.1 - 1.7) 0.001 1.2 (0.9 - 1.4) 0.270 

Daily contact with COVID-19 patients 1.7 (1.4 - 2.1) <0.001 1.2 (1.0 - 1.5) 0.090 

Previous COVID-19 like symptoms No Ref.   not entered 

Yes 4.7 (3.9 - 5.7) <0.001   

Severity of symptoms No symptoms Ref.   not entered 

Mild symptoms 3.2 (2.6 - 3.9) <0.001   

Significant symptoms 8.1 (6.7 - 9.8) <0.001   

Severe symptoms (hospitalisation) 7.4 (4.9 - 11.2) <0.001   
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Table 14b Association between risk factors and SARS-CoV-2 seropositivity, University Hospital Galway, PRECISE 2, April 2021 

 

Participant characteristics Unadjusted relative 

risk (95% CI) 

P-value Adjusted 

relative risk 

(95% CI) 

P-value 

Age groups (years) 18-29 2.0 (1.4 - 2.8) <0.001 1.7 (1.2 - 2. 4) 0.004 

30-39 1.5 (1.0 - 2.1) 0.034 1.3 (0.9 - 1.9) 0.120 

40-49 0.8 (0.6 - 1.2) 0.380 0.8 (0.5 - 1.2) 0.304 

50-59 Ref.  Ref.  

Over 60 0.8 (0.4 - 1.6) 0.570 0.8 (0.4 - 1.5) 0.501 

Sex Female Ref.  Ref.  

Male 1.4 (1.1 - 1.8) 0.004 1.3 (1.0 - 1.7) 0.097 

Ethnicity Irish Ref.  Ref.  

Any other white background 1.5 (1.1 - 2.1) 0.009 1.3 (1.0 - 1.7) 0.078 

Asian background 1.8 (1.2 - 2.6) 0.002 1.2 (0.8 - 1.8) 0.333 

African or other black background 1.8 (1.0 - 3.2) 0.036 1.3 (0.7 - 2.4) 0.388 

Other 1.7 (0.8 - 3.3) 0.142 1.4 (0.7 - 2.8) 0.328 

Country of birth Ireland Ref.   not entered 

India 2.1 (1.3 - 3.3) 0.001   

Philippines 0.6 (0.1 - 3.7) 0.543   

United Kingdom 1.0 (0.7 - 1.6) 0.841   

Poland 1.8 (1.1 - 3.0) 0.027   

USA 1.8 (0.9 - 3.6) 0.080   

Romania 5.3 (2.6 - 11) <0.001   

Nigeria 0.9 (0.1 - 5.7) 0.899   

Other 1.7 (1.2 - 2.4) 0.001   

Education Primary -   not entered 

Secondary 1.2 (0.8 - 1.8) 0.361   

Third level 1.2 (0.9 - 1.5) 0.168   

Post-graduate     

Role Admin Ref.  Ref.  

Doctor\Dental 2.2 (1.4 - 3.6) 0.001 0.9 (0.5 - 1.5) 0.660 

Nursing 1.9 (1.2 - 2.9) 0.006 1.0 (0.6 - 1.6) 0. 901 

HCA 2.7 (1.5 - 4.6) <0.001 1.5 (0.8 - 2.7) 0.180 

General support 2.2 (1.3 - 3.9) 0.005 1.1 (0.6 - 2.1) 0.704 



103 
 

Allied HCW 0.9 (0.5 - 1.5) 0.622 0.6 (0.3 - 1.0) 0.053 

Other 1.5 (0.6 - 3.6) 0.331 0.8 (0.3 - 1.8) 0.533 

Lives with Alone Ref.   not entered 

With others 1.3 (0.9 - 2.1) 0.188   

Lives with HCW No Ref.  Ref.  

Yes 1.5 (1.2 - 1.8) 0.001 1.1 (0.9 - 1.4) 0.317 

Workplace exposure to COVID-19 patients No patient contact Ref.  Ref.  

Daily contact with patients without COVID-19 2.5 (1.7 - 3.5) <0.001 1.9 (1.3 - 2.9) 0.001 

Daily contact with COVID-19 patients 2.8 (1.9 - 4.1) <0.001 2.1 (1.4 - 3.3) 0.001 

Previous COVID-19 like symptoms No Ref.   not entered 

Yes 8 (5.9 - 10.7) <0.001   

Severity of symptoms No symptoms Ref.   not entered 

Mild symptoms 5.2 (3.8 - 7.3) <0.001   

Significant symptoms 14.2 (10.4 - 19.3) <0.001   

Severe symptoms (hospitalisation) 19.4 (13.3 - 28.2) <0.001   
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Table 14c Association between risk factors and SARS-CoV-2 seropositivity, both hospitals, PRECISE 2, April 2021 

 

Participant characteristics Unadjusted relative 

risk (95% CI) 

P-value Adjusted relative 

risk (95% CI) 

P-value 

Hospital Galway University Hospital Ref.    

St James’s Hospital  1.6 (1.4 - 1.9) <0.001 1.5 (1.3 - 1.8) <0.001 

Age groups (years) 18-29 1.4 (1.1 - 1.6) 0.001 1.3 (1.1 - 1.6) 0.002 

30-39 1.1 (0.9 - 1.3) 0.427 1.1 (0.9 - 1.3) 0.299 

40-49 0.9 (0.7 - 1.1) 0.209 1.0 (0.7 - 1.1) 0.569 

50-59 Ref.  Ref.  

Over 60 1.0 (0.7 - 1.3) 0.794 1.0 (0.7 - 1.3) 0.948 

Sex Female Ref.  Ref.  

Male 1.2 (1.1 - 1.4) 0.007 1.2 (1.0 - 1.4) 0.016 

Ethnicity Irish Ref.  Ref.  

Any other white background 1.3 (1.0 - 1.5) 0.020 1.2 (1.0 - 1.4) 0.120 

Asian background 1.6 (1.3 - 1.8) <0.001 1.1 (0.9 - 1.3) 0.206 

African or other black background 2.1 (1.6 - 2.8) <0.001 1.7 (1.3 - 2.2) <0.001 

Other 1.5 (1.0 - 2.1) <0.001 1.3 (0.9 - 1.9) 0.145 

Country of birth Ireland Ref.   not entered 

India 1.7 (1.3 – 2.0) <0.001   

Philippines 1.6 (1.3 - 2.1) <0.001   

United Kingdom 1.0 (0.7 - 1.3) 0.749   

Poland 1.5 (1.0 - 2.2) 0.040   

USA 1.3 (0.8 - 2.2) 0.364   

Romania 2.1 (1.4 - 3.2) <0.001   

Nigeria 3.5 (2.5 - 4.8) <0.001   

Other 1.4 (1.1 - 1.7) 0.002   

Education Primary 2.2 (1.2 – 4.0) 0.014 1.6 (0.9 - 2.9) 0.138 

Secondary 1.5 (1.2 - 1.8) <0.001 1.4 (1.1 - 1.8) 0.002 

Third level 1.3 (1.2 - 1.5) <0.001 1.1 (1.0 - 1.3) 0.133 

Post-graduate Ref.  Ref.  

Role Admin Ref.  Ref.  

Doctor\Dental 1.3 (1.0 - 1.7) 0.051 1.0 (0.7 - 1.4) 0.973 

Nursing 1.7 (1.3 - 2.1) <0.001 1.4 (1.0 - 1.8) 0.022 
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HCA 2.5 (2.0 - 3.3) <0.001 1.8 (1.3 - 2.3) <0.001 

General support 1.8 (1.3 - 2.3) <0.001 1.2 (0.9 - 1.7) 0.144 

Allied HCW 0.9 (0.7 - 1.2) 0.424 0.8 (0.6 - 1.1) 0.119 

Other 0.8 (0.4 - 1.4) 0.381 0.7 (0.3 - 1.2) 0.134 

Lives with Alone Ref.   not entered 

With others 1.4 (1.1 - 1.8) 0.010   

Lives with HCW No Ref.  Ref.  

Yes 1.3 (1.2 - 1.5) <0.001 1.2 (1.0 - 1.4) 0.007 

Workplace exposure to COVID-19 patients No patient contact Ref.  Ref.  

Daily contact with patients without COVID-19 1.6 (1.3 - 1.9) <0.001 1.3 (1.1 - 1.5) 0.013 

Daily contact with COVID-19 patients 2.0 (1.7 - 2.4) <0.001 1.4 (1.1 - 1.7) 0.002 

Previous COVID-19 like symptoms No Ref.   not entered 

Yes 5.8 (4.9 - 6.8) <0.001   

Severity of symptoms No symptoms Ref.   not entered 

Mild symptoms 3.8 (3.2 - 4.6) <0.001   

Significant symptoms 10.1 (8.6 - 11.9) <0.001   

Severe symptoms (hospitalisation) 11.0 (8.5 - 14.3) <0.001   
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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 1st 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 

1st 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% CI 

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^ 

n/N (%) 

Fully vaccinated* 

n/N (%) 

Hospital data 

combined 

4854/5085 (95.5%) 

    Pfizer 4156/5085 (82%) 

    Vaxzevria 686/5085 (9.5%) 

    Moderna 8/5085 (0.2) 

    I don’t know 6/5085 (0.1) 

4130/ 5085 (81%) 

    Pfizer 4116/5085 (81%) 

    Vaxzevria 6/5085 (0.1%) 

    Moderna 4/5085 (0.08%) 

    I don’t know 2/5085 (0.04%) 

SJH 2836/2945 (96.3%) 

    Pfizer 2305/ 2945 (78%) 

    Vaxzevria 526/2945 (18%) 

    Moderna 4/2945 (0.1%) 

2290/ 2945 (78%) 

    Pfizer 2286/ 2945 (78%) 

    Vaxzevria 3/2945 (0.1%) 

    Moderna 1/2945 (0.03%) 

UHG 2018/2140 (94.3%) 

    Pfizer 1849/2140 (86%)  

    Vaxzevria 161/2140 (7.5%) 

    Moderna 4/2140 (0.2%) 

    I don’t know 2/2140 (0.09%) 

1840/ 2140 (86%) 

    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 2nd 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 commonly 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 18th 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-

21 

change Oct-20 Apr-

21 

change Oct-20 Apr-21 change 

Overall seroprevalence  15  21 6.2  4.1 13 8.8 10 18 7.7 

Age groups 

(years) 

  

  

  

18-29 20 24 4.3 4.7 20 15.1 13 22 9.5 

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 1.5 10 8.6 7.7 17 8.9 

Over 60 17 23 5.5 2.7 8.4 5.7 9.9 16 6.1 

Sex 

  

Female 15 21 5.7 3.5 12 8.3 9.4 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 11.1 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 5.5 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 
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Allied health 10 15 4.5 2.5 6.7 4.2 6.7 11 4.6 

General support 12 25 13 1.7 17 15.5 7.6 22 15 

Health care assistant 27 39 12 6.2 21 14.3 18 32 14 

Other 11 7.4 -3.6 1.4 12 10.4 5.5 9.5 4.0 

Lives with 

  

  

Alone 8.2 16 7.4 3.1 10 6.7 5.9 13 7.2 

With others 16 22 5.7 4.2 13 9.0 10 18 8.1 

Missing 11 38 27 - - - 9.1 27 18 

Lives with HCW 

  

  

Yes 21 25 4.2 4.9 16 11.6 13 22 8.6 

No 13 19 6.0 3.8 11 7.5 8.5 16 7.3 

Missing 17 25 8.0 2.1 10 8.1 9.9 18 7.7 

Daily contact with 

COVID-19 patients 

Contact with COVID-19 patients 21 27 6.0 7.1 17 9.7 15 23 8.3 

Contact with patients without COVID-

19 

17 22 4.5 4.6 15 10.3 11 19 7.5 

No patient contact 9.5 16 6.1 1.3 6.1 4.8 5.9 12 5.8 

Previous COVID-19 

symptoms 

No symptoms 5.8 7.7 1.9 1.3 3.6 2.3 3.2 5.8 2.6 

Had symptoms 23 37 14 7.5 28 21 17 34 17 

Previous positive COVID-

19 PCR test  

No 6.8 7.8 1.0 1.5 2.4 0.9 4.2 5.5 1.3 

Yes 94.9 84 -11 97.3 78 -19.1 95.4 82 -14 
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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 3rd 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 

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

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.   



123 
 
 

 

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 
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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 

Architect IgG 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 (CI) and p-values. Binary logistic 

regression was used to calculate relative risks along with their 95% CIs, 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, 



127 
 
 

 

and 16% whose interval was 11 months (confidence intervals overlap) (Table 17b). Seroreversion (and 95% CIs) 

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  

 

 

All 

Total  Experienced seroreversion  

  

  
N  n  % (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 4.5 (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 5.6 (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-

19 patients 

Contact with COVID-19 patients 85 11 13 (6.6-22) 0.420 

Contact with patients without 

COVID-19 

214 20 9.3 (5.8-14) 

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  

 

All 

Total   Experienced seroreversion  

  

 

  

  

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

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 

test?  

No 132 15 11 (6.5-18) 0.424 

Yes 228 20 8.8 (5.4-13) 

Number of months since most 

recent PCR positive test 

1 0 0 - 0.349 

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 

PCR test 

  

  

  

No symptoms 17 2 12 (1.5-36) 0.917 

Mild symptoms 83 8 9.6 (4.3-18) 

Significant (moderate) 

symptoms 

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 

positive PCR test 

No symptoms 2.0 (0.2-25) 0.439 

Mild symptoms 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 

recent PCR positive test 

≤11 Ref.   

12 0.4 (0.2-1.2) 0.101 

13 1.1 (0.4-2.9) 0.843 

  

 

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 
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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 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.  

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 IgG 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 I 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 I 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 I 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. I designed the questionnaire for the first 

study myself and circulated it to the steering group and a selection of lay people for testing. I also did the basic 

analysis myself, but for advanced analysis I 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 

 

HCW role 

St James's Hospital Response 

Rate 

University Hospital Galway 

Response Rate 
Combined 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 

St James's Hospital all 

staff 

St James’s Hospital 

study participants 
Difference 

N % N % N % 

Admin 693 15 454 15 239 0.1 

Medical/dental 621 13 460 15 161 1.9 

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 

Galway all staff 

University Hospital 

Galway study 

participants 

Difference 

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 5.5 179 6.5 61 1 

Health care assistant 316 7.3 129 4.7 187 -2.6 

Other - - 72 2.6 - - 

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 1.1 

Nursing/ midwifery 3,491 39 2,064 36 1427 -2.9 

Allied health 1,390 15 1,091 19 299 3.2 

General support 652 7.2 434 7.5 218 0.3 

Health care assistant 738 8.2 286 4.9 452 -3.3 

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 

 

HCW role 

Participated SJH Positive Results SJH P-value* 

N 
% of 

group 
N % of tested 

95% 

Confidence 

Intervals (%) 

Admin 454 66 44 9.7 7.1-13  

 

 

 

<.001 

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 

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 

 

HCW role 

Participated UHG Positive Results UHG P-value* 

N % of group N % of tested 
95% Confidence 

Intervals (%) 

Admin 349 55 4 1.2 0.3-2.9  

 

 

 

<.001 

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 3 1.7 0.4-4.8 

Health care assistant 129 41 8 6.2 2.7-12 

Other 72   1 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 

 

HCW role 

Participated Positive Results P-value* 

N % of group N % of tested 
95% Confidence 

Intervals (%) 

Admin 803 60 48 6.0 4.4-7.9  

 

 

 

<.001 

Medical/dental 982 68 102 10 8.5-13 

Nursing/ midwifery 2,064 59 263 13 11-14 

Allied health 1,091 78 73 6.7 5.3-8.4 

General support 434 67 33 7.6 5.3-11 

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% Irish 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 

 (n=464) 

University Hospital 

Galway (n=112) 

All with SARS-CoV-2 

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 

background 
44 9.5 18 16 62 11 

 Any Asian 

background 
94 20 13 12 107 19 

 African or other 

black background 
15 3.2 1 0.9 16 2.8 

 Other 6 1.3 - - 6 1.0 

Country of 

birth* 

Ireland 291 63 82 73 373 65 

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 1.5 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 4.5 7 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 

HCW 

Yes 193 42 40 37 234 41 

No 262 57 70 63 332 58 

Missing 9 1.9 1 0.9 10 1.7 

Previous 

COVID-19 like 

symptoms 

No symptoms 70 15 20 18 90 16 

Had symptoms 392 85 92 82 484 84 

Missing 2 0.4 - - 2 0.4 

Previous 

COVID-19 

PCR test 

Yes 385 83 89 80 474 82 

No 79 17 23 21 102 18 

Previous 

positive 

COVID-19 

PCR test  

Yes 277 60 73 65 350 61 

No 187 40 39 35 226 39 
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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 

background 

267 44 17 (12 - 22) 

 African and any other 

black background 

65 15 23 (14 - 35) 

 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% 

CI) 

Contact of a COVID-19 

case 

Yes 1,185 272 23 (21 - 25) <0.001 

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-

19 patients 
510 108 21 (18 - 25) 

<0.001 

 Daily contact with patients 

without COVID  
1,611 269 17 (15 -19) 

  No patients contact 918 87 9.5 (7.7 - 12) 

Previous COVID-19 like 

symptoms 

No symptoms 1,359 72 5.3 (4.2 – 6.6) <0.001 

Had symptoms 1,683 392 23 (21 - 25) 

Previous COVID-19 PCR 

test 

Yes 1,685 385 23 (21 - 25) <0.001 

No 1,353 79 5.8 (4.6 - 7.2) 

Previous positive COVID-

19 PCR test 

Yes 292 277 94.9 (91.7 - 97.1) <0.001 

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 – 7.9) 

 40-49 722 25 3.5 (2.2 – 5.1) 

 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 3.5 (2.8 – 4.3) 0.003 

 Male 592 37 6.3 (4.4 – 8.5) 

Ethnicity Irish  2,182 80 3.7 (2.9 – 4.5) 0.031 

 Any other white 

background 

284 18 6.3 (3.8 - 9.8) 

 African and any other 

black background 

48 1 2.1 (0.1 - 11) 

 Asian background 184 13 7.1 (3.8 - 12) 

 Other  46 0 - 

Country of birth* Ireland 2,091 82 3.9 (3.1 – 4.8) 0.229 

 United Kingdom 192 7 3.7 (1.5 - 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 – 2.9) <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 2.5 (1.3 – 4.4) 

 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 – 11.3) 

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

case 

Yes 519 53 10 (7.7 – 13) <0.001 

No 2,224 59 2.7 (2.0 – 3.4) 

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-

19 patients 
392 28 7.1 (5.0 – 10) 

<0.001 

 Daily contact with patients 

without COVID  
1,634 75 4.6 (3.7 -5.7) 

  No patients contact 717 9 1.3 (0.1 – 2.4) 

Previous COVID-19 like 

symptoms 

No symptoms 1,517 20 1.3 (0.8 – 2.0)  <0.001 

Had symptoms 1,228 92 7.5 (6.1 – 9.1) 

Previous COVID-19 PCR 

test 

Yes 1,093 89 8.1 (6.6 – 9.9) <0.001 

No 1,650 23 1.4 (0.9 – 2.1) 

Previous positive COVID-

19 PCR test 

Yes 75 73 97.3 (90.7 – 99.7) <0.001 

No 2,668 39 1.5 (1.0 – 2.0) 

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

(95% CI) 

P-value Adjusted relative 

risk (95% CI) 

P-value 

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 – 2.2) 0.137 

 Asian background 1.8 (1.4 – 2.2) <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 2.0 (1.6 – 2.7) <0.001 

 United Kingdom 1.2 (0.8 – 1.8) 0.272 

 Poland 2.2 (1.2 – 4.1) 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 0.9 (0.7 – 1.2) 0.558 

 Third level 1.3 (1.1 - 1.5) 0.007 

 Post-graduate Ref.  

Role Admin Ref.    

 Doctor\Dental 1.5 (1.0 - 2.2) 0.032 1.0 (0.7 – 1.5) 0.840 

 Nursing 2.1 (1.6 – 2.9) <0.001 1.6 (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 – 2.4) 0.037 

Lives with HCW 

 

No 
Ref.   

 

 Yes 1.6 (1.4 - 1.9) <0.001 1.6 (1.0 – 2.4) 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 1.5 (1.1 – 1.9) 0.003 Did not enter 

 Yes Ref.   

Workplace exposure to 

COVID-19 patients 

No patients contact Ref.   

Daily contact with patients without 

COVID  
1.8 (1.4 – 2.2) <0.001 1.3 (1.0 – 1.7) 0.0398 

Daily contact with COVID-19 

patients 
2.2 (1.7 – 2.9) <0.001 1.4 (1.0 – 1.9) 0.036 

Previous COVID-19 like 

symptoms 

No  
Ref.  

Did not enter 

 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 

(95% CI) 

P-value Adjusted relative risk 

(95% CI) 

P-value 

Age groups 18-29 3.2 (1.4 – 7.1) 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 – 5.3) 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 1.9 (1.1 – 3.4) 0.023 1.0 (0.6 – 1.9) 0.921 

 Other  no observation - - - 

Country of birth Ireland Ref.  Did not enter 

 India 2.1 (1.0 – 4.2) 0.039 

 Philippines 2.0 (0.5 – 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 – 2.2) 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 

COVID-19 patients 

No patients contact Ref.   

Daily contact with patients without 

COVID  
3.7 (1.8 – 7.3) <0.001 2.0 (0.9 – 4.4) 0.069 

Daily contact with COVID-19 

patients 
5.7 (2.7 –12) <0.001 3.1 (1.3 – 6.9) 0.009 

Previous COVID-19 like 

symptoms 

No  
Ref.  

Did not enter 

 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 IgG Roche Anti-

SARS-CoV-2 

Wantai SARS-

CoV-2 Antibody 

ELISA 

Total participants 

Total participants tested (n=5,788) (n=5,787) (n=485) (n=5,788) 

   n % n % n % n % 

Age group  

(years)  

  

  

  

18-29 1350 23.3 1350 23.3 139 28.7 1350 23.3 

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 

IgG 

Roche Anti-SARS-

CoV-2 

Wantai SARS-CoV-

2 Antibody ELISA 

Total participants 

Total participants tested (n = 5,788) (n = 5,787) (n = 485) (n = 5,788) 

    n % n % n % n % 

Close 

contact with 

a case of 

COVID-19   

Yes 1705 29.5 1704 29.4 258 53.2 1705 29.5 

No  4071 70.3 4071 70.3 225 46.4 4071 70.3 

Unknown  12 0.2 12 0.2 2 0.4 12 0.2 

Main type of 

patient 

contact*    

Daily contact with known/suspected COVID-19 

patients  

903 15.6 902 15.6 109 22.5 903 15.6 

Daily contact with patients without COVID-19  3245 56.1 3245 56.1 299 61.6 3245 56.1 

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 

COVID-19 

symptoms 

(ever) 

No symptoms 2869 49.6 2868 49.6 102 21.0 2869 49.6 

Had symptoms 2911 50.3 2911 50.3 381 78.6 2911 50.3 

Unknown  8 0.1 8 0.1 2 0.4 8 0.1 

Severity of 

symptoms  

Minor symptoms 2159 74.2 2159 74.2 193 50.7 2159 74.2 

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 

COVID-19 

PCR test    

Yes 2779 48.0 2778 48.0 380 78.4 2779 48.0 

No  3003 51.9 3003 51.9 105 21.6 3003 51.9 

Unknown  6 0.1 6 0.1 0 0.0 6 0.1 

Previous 

positive 

COVID-19 

PCR test  

Yes 367 6.3 367 6.3 259 53.4 367 6.3 

No  5415 93.6 5414 93.6 226 46.6 5415 93.6 

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 with a 

case of COVID-19    

Yes 7 41.2 

No  10 58.8 

Main type of contact 

with COVID-19 

patients 

  

  

Daily contact with 

known/suspected COVID-19 

patients 

3 17.6 

Daily contact with patients without 

COVID-19 

11 64.7 

No patient contact  3 17.6 

Previous COVID-19 

symptoms  

No symptoms 2 11.8 

Had symptoms 15 88.2 

Severity of 

symptoms  

  

  

Minor symptoms 7 46.7 

Significant symptoms 8 53.3 

Severe symptoms (hospitalised) 0 0.0 

Number of months 

since positive PCR 

test    

Less than one month 1 5.9 

Five months 1 5.9 

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 IgG (n=367), PRECISE 1, October 2020 

                All Grayzone  Positiv

e 

Negati

ve Total (n) 367  93  15

0 

 12

4 

 

  n % n % n % n % 

Age 

group 

18-29 111 30.2 32 34

.4 

38 25

.3 

41 33

.1 30-39 108 29.4 29 31

.2 

36 24

.0 

43 34

.7 40-49 79 21.5 20 21

.5 

42 28

.0 

17 13

.7 50-59 50 13.6 5 5.

4 

26 17

.3 

19 15

.3 60+ 19 5.2 7 7.

5 

8 5.

3 

4 3.

2 Sex  Female 269 73.3 68 73

.1 

99 66

.0 

10

2 

82

.3 Male 98 26.7 25 26

.9 

51 34

.0 

22 17

.7 Ethni

city  

Irish 237 64.6 64 68

.8 

79 52

.7 

94 75

.8 Any other white background 44 12.0 9 9.

7 

23 15

.3 

12 9.

7 Any Asian background 72 19.6 16 17

.2 

42 28

.0 

14 11

.3 Any African or black background 10 2.7 3 3.

2 

5 3.

3 

2 1.

6 Other  4 1.1 1 1.

1 

1 0.

7 

2 1.

6 Role  Nursing/midwifery 181 49.3 57 61

.3 

69 46

.0 

55 44

.4 Allied health 42 11.4 8 8.

6 

15 10

.0 

19 15

.3 Medical/dental 73 19.9 11 11

.8 

33 22

.0 

29 23

.4 Administration 24 6.5 6 6.

5 

9 6.

0 

9 7.

3 General support 12 3.3 2 2.

2 

5 3.

3 

5 4.

0 Health care assistant 32 8.7 8 8.

6 

19 12

.7 

5 4.

0 Other 3 0.8 1 1.

1 

0 0.

0 

2 1.

6  
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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

e  

Positive Negativ

e Total (n) 367 93 150 124 

  n % n % n % n % 

Close 

contact with 

a case of 

COVID-19  

Yes 21

1 

57.

5 

56 60.

2 

90 60.

0 

65 52.

4 No  15

4 

42.

0 

37 39.

8 

58 38.

7 

59 47.

6 Unknown  2 0.5 0 0.0 2 1.3 0 0.0 

Main type 

of patient 

contact* 

Daily contact with known/suspected 

COVID-19 patients 

88 24.

0 

22 23.

7 

40 26.

7 

26 21.

0 Daily contact with patients without 

COVID-19  

21

8 

59.

4 

56 60.

2 

88 58.

7 

74 59.

7 No patient contact  61 16.

6 

15 16.

1 

22 14.

7 

24 19.

4 Symptoms 

at time of 

previous 

PCR test  

No symptoms 7 1.9 1 1.1 3 2.0 3 2.4 

Had symptoms 35

8 

97.

5 

92 98.

9 

145 96.

7 

12

1 

97.

6 Unknown  2 0.5 0 0.0 2 1.3 0 0.0 

Severity of 

symptoms   

 

Minor symptoms 15

1 

41.

1 

38 43.

2 

51 35.

2 

62 51.

2 Significant symptoms 17

8 

48.

5 

48 54.

5 

75 51.

7 

55 45.

5 Severe symptoms (hospitalised) 29 7.9 6 6.8 19 13.

1 

4 3.3 

Number of 

months 

since 

positive 

PCR test  

 

Less than one month 8 2.2 1 1.1 6 4.0 1 0.8 

One month 8 2.2 0 0.0 8 5.3 0 0.0 

Two months 4 1.1 0 0.0 4 2.7 0 0.0 

Three months 1 0.3 0 0.0 1 0.7 0 0.0 

Four months 12 3.3 2 2.2 10 6.7 0 0.0 

Five months 85 23.

2 

28 30.

1 

34 22.

7 

23 18.

5 Six months 22

2 

60.

5 

54 58.

1 

77 51.

3 

91 73.

4 Seven months 25 6.8 8 8.6 8 5.3 9 7.3 

Unknown  2 0.5 0 0.0 2 1.3 0 0.0 

Number of 

months 

since onset 

of 

symptoms** 

Less than one month 5 1.5 1 1.1 3 2.2 1 0.9 

One month 8 2.4 0 0.0 8 5.8 0 0.0 

Two months 3 0.9 0 0.0 3 2.2 0 0.0 

Three months 1 0.3 0 0.0 1 0.7 0 0.0 

Four months 12 3.5 2 2.3 10 7.2 0 0.0 

Five months 78 22.

9 

25 28.

4 

32 23.

2 

21 18.

4 Six months 21

0 

61.

8 

52 59.

1 

73 52.

9 

85 74.

6 Seven months 23 6.8 8 9.1 8 5.8 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 IgG seronegativity, among participants who had 

a previously PCR-confirmed infection, including those who had a grayzone result (n=367), PRECISE 1, 

October 2020 

  

  
A

ll 

(

n

) 

Neg

ativ

e 

(n) 

Neg

ativ

e 

% 

Unadj

usted 

OR 

95% 

CI 

P-

valu

e 

Adj

uste

d 

OR 

95% 

CI 

P-

valu

e 
Total  3

6

7 

124 33.8       

Age 

group 

  

  

  

  

18-29 1

1

1 

41 36.9 *   *   

30-39 1

0

8 

43 39.8 1.13 0.66 – 

1.95 

0.

6

6

2 

0.96 0.51 - 

1.8 

0.89

3 40-49 7

9 

17 21.5 0.47 0.24 – 

0.89 

0.

0

2

4 

0.44 0.21 - 

0.92 

0.03

1 50-59 5

0 

19 38.0 1.05 0.52 – 

2.08 

0.

8

9

7 

1.05 0.47 - 

2.36 

0.89

7 60+ 1

9 

4 21.1 0.46 0.12 – 

1.35 

0.

1

8

7 

0.32 0.08 - 

1.11 

0.09

0 Sex  

  

Female 2

6

9 

102 37.9 *   *   

Male 9

8 

22 22.4 0.47 0.28 – 

0.81 

0.

0

0

6 

0.38 0.21 - 

0.68 

0.00

1 Ethnicity  

  

  

  

  

Irish 2

3

7 

94 39.7 *   *   

Any other white 

background 

4

4 

12 27.3 0.57 0.27 – 

1.14 

0.

1

2

3 

0.64 0.29 - 

1.39 

0.27

3 Any Asian 

background 

7

2 

14 19.4 0.37 0.19 – 

0.68 

0.

0

0

2 

0.41 0.19 - 

0.81 

0.01

2 Any African/black 

background 

1

0 

2 20.0 0.38 0.05 – 

1.56 

0.

2

2

8 

0.48 0.07 - 

2.29 

0.39

2 Other  4 2 50.0 1.52 0.18 – 

12.9 

0.

6

7

7 

1.53 0.15 - 

15.7 

0.70

5 Close 

contact 

with a 

case of 

COVID-

19**   

Yes 2

1

1 

65 30.8 0.72 0.46 – 

1.11 

0.

1

4

7 

0.67 0.4 - 

1.12 

0.12

7 No  1

5

4 

59 38.3 *   *   

Main 

type of 

patient 

contact^ 

  

  

No patient contact  6

1 

24 39.3 *   *   

Daily contact non-

COVID-19 patients 

2

1

8 

74 33.9 0.79 0.44 – 

1.43 

0.

4

3

5 

0.78 0.4 - 

1.56 

0.48

4 Daily contact 

known or suspected 

COVID-19 patients 

8

8 

26 29.5 0.65 0.21 – 

0.32 

0.

2

1

4 

0.84 0.38 - 

1.89 

0.67

9 Severity 

of 

symptom

s**   

  

  

No symptoms 7 3 42.9 1.08 0.21 – 

5.05 

0.

9

2

5 

1.07 0.17 - 

6.16 

0.94

2 Minor symptoms 1

5

1 

62 41.1 *   *   

Significant 

symptoms 

1

7

8 

55 30.9 0.64 0.41 – 

1.01 

0.

0

5

6 

0.58 0.34 - 

0.96 

0.03

7 Severe symptoms 

(hospitalised) 

2

9 

4 13.8 0.23 0.06 – 

0.63 

0.

0

0

9 

0.26 0.07 - 

0.76 

0.02

3 HCW 

Role  

Administration  2

4 

9 37.5 *   not entered 

Allied health care 4

2 

19 45.2 1.38 0.49 – 

3.94 

0.

5

4

1 

   

General Support 1

2 

5 41.7 1.19 0.28 – 

4.92 

0.

8

0

9 

   

Healthcare assistant  3

2 

5 15.6 0.31 0.08 – 

1.06 

0.

0

6

8 

   

Medical/Dental    7

3 

29 39.7 1.10 0.43 – 

2.9 

0.

8

4

6 

   

Nursing/midwifery 1

8

1 

55 30.4 0.73 0.31 – 

1.83 

0.

4

8

1 

   

Other 3 2 66.7 3.33 0.28 – 

78.0 

0.

3

5

3 

   

Number 

of months 

since 

PCR 

positive 

test** 

  

Less than one month 8 1 12.5 NA NA N

A 

0.23 0.01 - 

1.6 

0.20

4 One month 8 0 0.0 NA NA N

A 

NA NA NA 

Two months 4 0 0.0 NA NA N

A 

NA NA NA 

Three months 1 0 0.0 NA NA N

A 

NA NA NA 

Four months 1

2 

0 0.0 NA NA N

A 

NA NA NA 

Five months 8

5 

23 27.1 *   *   

Six months  2

2

2 

91 41.0 1.87 1.09 – 

3.29 

0.

0

2

5 

1.95 1.07 - 

3.64 

0.03

2 Seven months 2

5 

9 36.0 1.52 0.57 – 

3.87 

0.

3

8

9 

2.07 0.72 - 

5.9 

0.17

2 *reference category 

P-value calculated using the chi-square test   

**Excludes two unknowns  

^Participants 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 St James's Hospital 

response rate 

University Hospital 

Galway response Rate 

Combined response 

rate 

N n % N n % N n % 

Admin 693 403 58% 639 273 43% 1332 676 51% 

Medical/dental 621 357 57% 814 356 44% 1435 713 50% 

Nursing/ midwifery 1802 1097 61% 1689 794 47% 3491 1,891 54% 

Allied health 742 612 82% 648 432 67% 1390 1,044 75% 

General support 412 243 59% 240 122 51% 652 365 56% 

Health care assistant 422 179 42% 316 112 35% 738 291 39% 

Other - 54  - 51  - 105  

Total 4692 2945 63% 4346 2140 49% 9038 5085 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 St James's Hospital 

all staff 

St James’s Hospital 

response 

study participants 

Difference 

N % n % n % 

Admin 693 15% 403 14% 290 -1.1% 

Medical/dental 621 13% 357 12% 264 -1.1% 

Nursing/ midwifery 1802 38% 1097 37% 705 -1.2% 

Allied health 742 16% 612 21% 130 5.0% 

General support 412 8.8% 243 8.3% 169 -0.5% 

Health care assistant 422 9.0% 179 6.1% 243 -2.9% 

Other - - 54 1.8% - - 

Total 4692 100% 2945 100% 1747 - 

 

 

Table 5C Comparison of all staff and study participants in University Hospital Galway by 

healthcare worker role, PRECISE 2, April 2021 

HCW role University Hospital 

Galway all staff 

University Hospital 

Galway response 

study participants 

Difference 

N % n % n % 

Admin 639 15% 273 13% 366 -1.9% 

Medical/dental 814 19% 356 17% 458 -2.0% 

Nursing/ midwifery 1689 39% 794 37% 895 -1.6% 

Allied health 648 15% 432 20% 216 5.3% 

General support 240 5.5% 122 5.7% 118 0.2% 

Health care assistant 316 7.2% 112 5.2% 204 -2.0% 

Other - - 51 2.4% - - 

Total 4364 100% 2140 100% 2224 - 
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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 

St James's 

Hospital 

Dublin 

University 

Hospital 

Galway 

Both 

Hospitals 

n % n % n % 

Overall    623 21% 275 13% 898 18% 

Median age (IQR)   39 (29-49)  35 (27-44) 38 (29-48) 

Age groups 

(years) 

  

  

  

18-29 159 26% 90 33% 249 28% 

30-39 154 25% 84 31% 238 27% 

40-49 157 25% 51 19% 208 23% 

50-59 119 19% 39 14% 158 18% 

Over 60 34 5.5% 11 4.0% 45 5.0% 

Sex 

  

Female 471 76% 198 72% 669 74% 

Male 152 24% 77 28% 229 26% 

Ethnicity 

  

  

  

  

Irish  401 64% 194 71% 595 66% 

Any other white background 56 9.0% 38 14% 94 10% 

Asian background 122 20% 26 9.5% 148 16% 

African/other black background 29 4.7% 10 3.6% 39 4.3% 

Other  15 2.4% 7 2.5% 22 2.4% 

Country of 

birth 

  

  

  

  

  

  

  

  

Ireland 386 62% 181 66% 567 63% 

United Kingdom 25 4.0% 19 6.9% 44 4.9% 

India 60 10% 16 5.8% 76 8.5% 

Philippines 53 8.5% 1 0.4% 54 6.0% 

Poland 8 1.3% 12 4.4% 20 2.2% 

USA 4 0.6% 7 2.5% 11 1.2% 

Romania 12 1.9% 3 1.1% 15 1.7% 

Nigeria 18 2.9% 1 0.4% 19 2.1% 

Other  57 9.1% 35 13% 92 10% 

Education 

  

  

  

Primary 7 1.1% 0 0.0% 7 0.8% 

Secondary 105 17% 28 10% 133 15% 

Third level 301 48% 133 48% 434 48% 

Post-graduate 210 34% 114 41% 324 36% 

Role 

  

  

  

  

  

  

Admin 64 10% 21 7.6% 85 9.5% 

Medical/dental 55 8.8% 61 22% 116 13% 

Nursing/ midwifery 281 45% 114 41% 395 44% 

Allied health 89 14% 29 11% 118 13% 

General support 60 10% 21 7.6% 81 9.0% 

Health care assistant 70 11% 23 8.4% 93 10% 

Other 4 0.6% 6 2.2% 10 1.1% 

Lives with 

  

  

Alone 42 6.7% 19 6.9% 61 6.8% 

With others 578 92.8% 256 93% 834 92.9% 

Missing 3 0.5% 0 0.0% 3 0.3% 

Lives with 

HCW 

  

  

Yes 234 38% 106 39% 340 38% 

No 376 60% 164 60% 540 60% 

Missing 13 2.1% 5 1.8% 18 2.0% 

Daily 

contact with 

COVID-19 

patients 

Contact with COVID-19 patients 196 31% 69 25% 265 30% 

Contact with patients without 

COVID-19 

293 47% 170 62% 463 52% 

No patient contact 134 22% 36 13% 170 19% 
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Previous 

COVID-19 

symptoms 

No symptoms 121 19% 48 17% 169 19% 

Had symptoms 502 81% 227 83% 729 81% 

Missing 0 0.0% 0 0.0% 0 0.0% 

Severity of 

symptoms 

No symptoms 121 19% 48 17% 169 19% 

Mild symptoms 228 37% 107 39% 335 37% 

Significant symptoms 262 42% 102 37% 364 41% 

Severe (hospitalised) 12 1.9% 18 6.5% 30 3.3% 

Missing  0 0.0% 0 0.0% 0 0.0% 

Previous 

positive 

COVID-19 

PCR test  

No 190 30% 45 16% 235 26% 

Yes 433 70% 230 84% 663 74% 

Symptoms 

at time of 

previous 

positive 

PCR test 

  

No 51 12% 36 16% 87 13% 

Yes 382 88% 194 84% 576 87% 

Severity of 

symptoms at 

time of PCR 

test  

No symptoms 51 12% 36 16% 87 13% 

Mild symptoms 143 33% 83 36% 226 34% 

Significant symptoms 227 52% 93 40% 320 48% 

Severe (hospitalised) 12 2.8% 18 7.8% 30 4.5% 

Missing  0 0.0% 0 0.0% 0 0.0% 
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Table 13e Prevalence of SARS-CoV-2 seropositivity by participant characteristics, both hospitals, 

PRECISE 2, April 2021  

 

 Participant characteristics Total  SARS-CoV-2 seropositive 

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

Overall    5085 898 18 (17 - 19)   

Hospital 

  

St James’s Hospital 2,945 623 21 (20 - 23) <0.001 

University Hospital Galway 2,140 275 13 (11 - 14) 

Age groups 

(years) 

  

  

  

18-29 1108 249 22 (20 - 25) <0.001 

30-39 1330 238 18 (16 - 20) 

40-49 1414 208 15 (13 - 17) 

50-59 951 158 17 (14 - 19) 

Over 60 282 45 16 (12 - 21) 

Sex 

  

Female 3,959 669 17 (16 - 18) 0.008 

Male 1,126 229 20 (18 - 23) 

Ethnicity 

  

  

  

  

Irish  3,798 595 16 (15 - 17) <0.001 

Any other white background 476 94 20 (16 - 24) 

Asian background 599 148 25 (21 - 28) 

African or any other black background 117 39 33 (25 - 43) 

Other  95 22 23 (15 - 33) 

Country of 

birth 

  

  

  

  

  

  

  

  

Ireland 3,630 567 16 (14 - 17) <0.001 

United Kingdom 295 44 15 (11 - 20) 

India 293 76 26 (21 - 31) 

Philippines 214 54 25 (20 - 32) 

Poland 85 20 24 (15 - 34) 

USA 55 11 20 (10 - 33) 

Romania  45  15 33 (20 - 49)  

Nigeria 35 19 54 (31 - 71) 

Other  433 92 21 (17 - 25) 

Education 

  

  

  

Primary 22 7 32 (14 - 55) <0.001 

Secondary 609 133 22 (19 - 25) 

Third level 2,244 434 19 (18 - 21) 

Post-graduate 2,210 324 15 (13 - 16) 

Role 

  

  

  

  

  

  

Admin 676 85 13 (10 - 15) <0.001 

Medical/dental 713 116 16 (14 - 19) 

Nursing/ midwifery 1,891 395 21 (19 - 23) 

Allied health 1,044 118 11 (9.4 - 13) 

General support 365 81 22 (18 - 27) 

Health care assistant 291 93 32 (27 - 38) 

Other 105 10 10 (4.7 - 17) 

Lives with 

  

  

Alone 464 61 13 (10 - 17) 0.008 

With others 4,610 834 18 (17 - 19) 

Missing 11 3 27 (6.0 - 61) 

Lives with 

HCW 

  

  

Yes 1,571 340 22 (20 - 24) <0.001 

No 3412 540 16 (16 - 17) 

Missing 102 18 18 (11 - 26) 

*Calculated using the chi-square test 
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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% CI) p-

value* Daily contact 

with 

COVID-19 

patients 

Contact with COVID-19 patients 1136 265 23 (21 - 26) <0.001 

Contact with patients without COVID-19 2,500 463 19 (17 - 20) 

No patient contact 1,449 170 12 (10 - 14) 

Previous 

COVID-19 

symptoms 

No symptoms 2913 169 5.8 (5.0 - 6.7) <0.001 

Had symptoms 2171 729 34 (32 - 36) 

Missing 1 0  -  

Severity of 

symptoms 

No symptoms 2913 169 5.8 (5.0 - 6.7) <0.001 

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 

positive 

COVID-19 

PCR test 

No 4273 235 5.5 (4.8 - 6.2) <0.001 

Yes 812 663 82 (79 - 84) 

Symptoms at 

time of 

previous 

positive PCR 

test 

No 172 87 51 (43 - 58) <0.001 

Yes 640 576 90.0 (87 - 

92.2) 

Severity of 

symptoms at 

time of PCR 

test 

No symptoms 172 87 51 (43 - 58) <0.001 

Mild symptoms 256 226 88 (84 - 92.0) 

Significant symptoms 351 320 91.2 (88 - 

93.9) Severe (hospitalised) 32 30 93.8 (79 - 

99.2) 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 

Galway 

Both hospitals 

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 

seropositive 

Asymptomatic SARS-CoV-2 infection 

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

St James's 

Hospital 

 

 

 

 

 

Total 623 121 19 (16 - 23) 0.009 

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 

background 

29 11 38 (21 - 58) 

Other 15 2 13 (1.7 - 40) 

Galway University 

Hospital 

 

 

 

 

Total 275 48 17 (13 - 22) 0.531 

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 

background 

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 

background 

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 

 

  

  

St James's Hospital University Hospital 

Galway 

Both hospitals 

n % n % n % 

Admin 19 10% 5 11% 24 10% 

Medical/dental 12 6.3% 8 18% 20 8.5% 

Nursing/ midwifery 79 42% 19 42% 98 42% 

Allied health 32 17% 6 13% 38 16% 

General support 22 12% 4 8.8% 26 11% 

Health care assistant 26 14% 2 4.4% 28 12% 

Other 0 0.0% 1 2.2% 1 0.4% 

Total  190 100% 45 100% 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 

 

Participant characteristics 

 

 

PCR positive ≥14 days 

after second vaccine dose 

(N=23) 

n % 

Hospital St James's Hospital 18 78% 

University Hospital Galway  5 22% 

Age groups 18-29 2 8.7% 

30-39 6 26% 

40-49 8 35% 

50-59 5 22% 

≥60  2 8.7% 

Sex Female 15 65% 

Male 8 35% 

Ethnicity Irish  12 52% 

Any other white background 1 4.3% 

Asian background 8 35% 

African or other black background 2 8.7% 

Other 0 0.0% 

Country of birth Ireland 12 52% 

United Kingdom 0 0.0% 

India 4 17% 

Philippines 4 17% 

Poland 1 4.3% 

USA 0 0.0% 

Other  0 0.0% 

Education Primary 0 0.0% 

Secondary 2 8.7% 

Third level 11 48% 
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Post-graduate 10 43% 

Role Admin 0 0.0% 

Medical/dental 0 0.0% 

Nursing/ midwifery 10 43% 

Allied health 5 22% 

General support 2 8.7% 

Health care assistant 4 17% 

Other 2 8.7% 

Workplace exposure to 

COVID-19 patients 

No patient contact  2 8.7% 

Daily contact with COVID-19 patients 9 39% 

Daily contact with patients without COVID-19  12 52% 

Lives with Alone 1 4.3% 

With others 22 96% 

Missing 0 0.0% 

Lives with HCW Yes 13 57% 

No 10 43% 

Vaccine type Pfizer 23 100% 

Other  0 0.0% 

Symptoms at the time of 

positive PCR test  

Yes 5 22% 

No  18 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 



179 
 
 

 

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-

19 patients 

Contact with COVID-19 patients 489 15 

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 9.4 

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-

19 patients 

Contact with COVID-19 patients 43 18 

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 2.2 Allen N et al. Journal of Infection (2021), Letter to the Editor  
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Niamh Allen, Melissa Brady, 

 
Antonio Isidro Carrion Martin, Lisa Domegan, Cathal Walsh, Lorraine Doherty, Una Ni Riain, Colm Bergin, 

Catherine Fleming, Niall Conlon. Serological markers of SARS-CoV-2 infection; anti-nucleocapsid antibody 

positivity may not be the ideal marker of natural infection in vaccinated individuals, Journal of Infection, 2021, 

ISSN 0163-4453, https://doi.org/10.1016/j.jinf.2021.08.012. 

(https://www.sciencedirect.com/science/article/pii/S0163445321003947) 
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Appendix 2.3 Allen N et al. Microbiology Spectrum (2021) 
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Appendix 2.4 Allen N et al. Frontiers in Medicine (2022) 
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