Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID19. The COVID-19 resource centre is hosted on Elsevier Connect, the
company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre
remains active.

Journal Pre-proof
Global and national estimates of the number of healthcare workers at high risk of
SARS-CoV-2 infection
Ciara V. McCarthy, Frank Sandmann, Mark Jit, CMMID COVID-19 Working Group
PII:

S0195-6701(21)00071-2

DOI:

https://doi.org/10.1016/j.jhin.2021.02.012

Reference:

YJHIN 6319

To appear in:

Journal of Hospital Infection

Received Date: 12 February 2021
Accepted Date: 13 February 2021

Please cite this article as: McCarthy CV, Sandmann F, Jit M, CMMID COVID-19 Working Group, Global
and national estimates of the number of healthcare workers at high risk of SARS-CoV-2 infection,
Journal of Hospital Infection, https://doi.org/10.1016/j.jhin.2021.02.012.
This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.
© 2021 Published by Elsevier Ltd on behalf of The Healthcare Infection Society.

Global and national estimates of the number of healthcare workers at
high risk of SARS-CoV-2 infection
Authors: Ciara V McCarthy1, CMMID COVID-19 Working Group, Frank Sandmann1,2, Mark Jit1.

-p

ro

of

CMMID COVID-19 Working Group: Rosalind M Eggo, Gwenan M Knight, Stefan Flasche, Anna
M Foss, Petra Klepac, Yalda Jafari, Naomi R Waterlow, Sophie R Meakin, Jiayao Lei, C Julian
Villabona-Arenas, Simon R Procter, Sam Abbott, Sebastian Funk, Nikos I Bosse, Kathleen
O'Reilly, William Waites, Kaja Abbas, Amy Gimma, Alicia Showering, Christopher I Jarvis, Adam
J Kucharski, Akira Endo, Thibaut Jombart, Graham Medley, Oliver Brady, Rosanna C Barnard,
Jack Williams, Nicholas G. Davies, W John Edmunds, James D Munday, Carl A B Pearson,
Yang Liu, Katherine E. Atkins, Hamish P Gibbs, Timothy W Russell, Damien C Tully, Rachel
Lowe, Samuel Clifford, Emily S Nightingale, Joel Hellewell, Alicia Rosello, Matthew Quaife,
Fabienne Krauer, Yung-Wai Desmond Chan, Fiona Yueqian Sun, Kevin van Zandvoort, Billy J
Quilty, Mihaly Koltai, Kiesha Prem.

re

Affiliations:

lP

1. London School of Hygiene and Tropical Medicine, London, UK.
2. Statistics, Modelling and Economics Department, National Infection Service, Public
Health England, London, UK.

ur

na

*Address for correspondence: London School of Hygiene and Tropical Medicine, London,
WC1E 7HT, UK. Email: Ciara.McCarthy1@lshtm.ac.uk.

Jo

Running title: Defining healthcare workers at high risk

1

Text
In order to promote equitable and efficient allocation of coronavirus disease 2019 (COVID-19)
vaccines, the World Health Organization (WHO) Strategic Advisory Group of Experts on
Immunization (WHO-SAGE-I) has published a ‘Roadmap for Prioritising Use of COVID-19
Vaccination in the Context of Limited Supply,’ outlining which groups should be prioritised under
various supply scenarios [1]. Healthcare workers at high or very high risk of acquiring and
transmitting SARS-CoV-2 are included in Stage I, when supply remains very limited.
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Wang et al. (2020) [2] estimated the target population sizes of priority groups for vaccination,
including healthcare workers. However, their estimate was based on the number of doctors,
nurses and midwives only, and they did not attempt to stratify by risk. In this study, we
expanded the definition of a healthcare worker to match the WHO definition more closely. We
also compared risk across key healthcare occupational groups to determine which occupations
are associated with the highest risk. Our findings suggest that the majority of healthcare workers
(about 70-90%) could be considered at high risk, and sparsity of country-level data means that
effectively stratifying by risk would be challenging to implement at a programmatic level.
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The WHO defines healthcare workers as “all people engaged in work actions whose primary
intent is to improve health” [1]. This is intended to include not only health professionals, but
health management and support personnel [3]. For this analysis, we included all those classified
as health professionals (sub-major group 22) and health associate professionals (sub-major
group 32) in the International Standard Classification of Occupations (ISCO-08). For the 111
countries which report values for these two categories in ILOSTAT [4], the healthcare workforce
on average constitutes less than 1% (0.80%; IQR: 0.39-1.53) of the national population [5].
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The definition of high risk in the WHO-SAGE-I Roadmap is based on exposure to suspected or
confirmed cases of COVID-19 or risk of exposure to aerosols with SARS-CoV-2. Yet several
studies have reported comparable or even higher infection rates in healthcare workers on
general wards compared to COVID-19 wards [6], and others have reported higher risk of severe
COVID-19 in medical support staff compared to health professionals [7]. These findings suggest
that access to personal protective equipment (PPE) and testing capacity may have a more
substantial impact on risk than exposure to confirmed COVID-19 cases, given the risk posed by
patients with asymptomatic or undiagnosed infection.
We compared risk of SARS-CoV-2 infection across key groups of healthcare occupations listed
in the Global Health Observatory (GHO) [8], using data from surveys of US employees reported
in the O*NET database [9]. “Exposure to disease or infections” and “physical proximity” were
used as proxy indicators for risk of SARS-CoV-2 infection. The ISCO-08 codes listed in the
GHO were mapped to occupations in the O*NET database. The mean proportion at high risk
was then generated for each GHO group, with a weighting determined by the number of
individuals in the US employed in each occupation [10]. For both indicators, dentistry was the
group in which the highest proportion of workers were found to be at high risk (Figure 1A). Using
the “physical proximity” indicator, the proportion at high risk was around 80% or higher for all
groups except “environmental and occupational health” and “medical and pathology laboratory
2

personnel”. These results emphasise that a limited definition of healthcare worker may exclude
occupations associated with the highest risk. Doctors, nurses and midwives only constitute
65.9% (95%CI: 60.0-72.8) of the total number of health professionals and health associate
professionals.

-p

ro

of

Country-level estimates for the number of healthcare workers at high risk were generated by
mapping occupations listed as health professionals or health associate professionals in ISCO08 onto the O*NET occupations. Using the “exposure to disease or infections” indicator, 85.2%
(95%CI 83.5-87.0%) of health professionals and 74.0% (71.8-76.1%) of health associate
professionals were estimated to be at high or very high risk. The “physical proximity” indicator
produced a similar estimate for health professionals of 86.7% (95%CI 85.0-88.3%); for health
associate professionals, it was 83.7% (81.9-85.6%). When these proportions were applied to
the country estimates for these groups from ILOSTAT, healthcare workers at high risk
constituted 0.64% (IQR: 0.30-1.24) of the national population when using the “exposure to
disease or infections” indicator, and 0.68% (IQR: 0.33-1.30) when using “physical proximity”
(Figure 1B).
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Using this approach to estimate the proportion of healthcare workers at high risk globally does
require extrapolation of data on working conditions in the US to all countries in the world. It also
relies on proxy indicators that do not specifically relate to SARS-CoV-2 risk. However, the issue
of sparsity of country-specific data on risk of infection is not just only a limitation of this analysis
– it indicates that effectively identifying and vaccinating healthcare workers at high risk could be
extremely logistically challenging.
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Therefore, rather that narrowing down the estimate provided by Wang et al., we suggest
widening the net. There is evidence that basing estimates for the number of healthcare workers
on doctors, nurses and midwives excludes some of the occupations at the highest risk. The
results also suggest that the majority of healthcare workers could be considered at high risk (7090%). Given that healthcare workers only constitute on average around 1% of the national
population, we argue that the benefit of prioritising the vaccination of healthcare workers at high
risk may not compensate for the additional logistical challenges of identifying these highest risk
healthcare workers.
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Caption:
Figure 1. A. Proportion of healthcare workers at high risk by occupational group. B. National
estimates for total size of the healthcare workforce as a proportion of national population.
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