& frontiers | Frontiers in Public Health

| @ Check for updates

OPEN ACCESS

EDITED BY
Vitali Sintchenko,
The University of Sydney, Australia

REVIEWED BY

Patrick M. D'Aoust,

University of Ottawa, Canada

Galal Metwally,

Zagazig University, Egypt

Eun-Jin Kim,

Korea Disease Control and Prevention Agency,
Republic of Korea

Shalome Hanisha Anand Tatapudi,

Merck, United States

Kayode Oshinubi,

Northern Arizona University, United States

*CORRESPONDENCE
Matthew Harris
matt.harris@mcri.edu.au

RECEIVED 02 March 2023
AccepTED 10 July 2023
PUBLISHED 31 July 2023

CITATION
Harris M, Hart J, Bhattacharya O and Russell FM
(2023) Risk factors for SARS-CoV-2 infection
during the early stages of the COVID-19
pandemic: a systematic literature review.

Front. Public Health 11:1178167.

doi: 10.3389/fpubh.2023.1178167

COPYRIGHT
© 2023 Harris, Hart, Bhattacharya and Russell.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiersin Public Health

TYPE Systematic Review
PUBLISHED 31 July 2023
pol 10.3389/fpubh.2023.1178167

Risk factors for SARS-CoV-2
infection during the early stages
of the COVID-19 pandemic: a
systematic literature review

Matthew Harris*?*, John Hart*?, Oashe Bhattacharya? and
Fiona M. Russell®*

tMelbourne School of Population and Global Health, The University of Melbourne, Parkville, VIC,
Australia, 2Asia-Pacific Health Group, Infection, Immunity and Global Health, Murdoch Children’s
Research Institute, Parkville, VIC, Australia, *Department of Paediatrics, The University of Melbourne,
Parkville, VIC, Australia, *Centre for International Child Health, Department of Paediatrics, The University
of Melbourne, Parkville, VIC, Australia

Introduction: Identifying SARS-CoV-2 infection risk factors allows targeted public
health and social measures (PHSM). As new, more transmissible variants of
concern (VoC) emerge, vaccination rates increase and PHSM are eased, it is
important to understand any potential change to infection risk factors. The aim
of this systematic literature review is to describe the risk factors for SARS-CoV-2
infection by VoC.

Methods: A literature search was performed in MEDLINE, PubMed and Embase
databases on 5 May 2022. Eligibility included: observational studies published
in English after 1 January 2020; any age group; the outcome of SARS-CoV-2
infection; and any potential risk factors investigated in the study. Results were
synthesized into a narrative summary with respect to measures of association, by
VoC. ROBINS-E tool was utilized for risk of bias assessment.

Results: Of 6,197 studies retrieved, 43 studies were included after screening.
Common risk factors included older age, minority ethnic group, low
socioeconomic status, male gender, increased household size, occupation/lower
income level, inability to work from home, public transport use, and lower
education level. Most studies were undertaken when the ancestral strain was
predominant. Many studies had some selection bias due to testing criteria and
limited laboratory capacity.

Conclusion: Understanding who is at risk enables the development of strategies
that target priority groups at each of the different stages of a pandemic and
helps inform vaccination strategies and other interventions which may also inform
public health responses to future respiratory infection outbreaks. While it was not
possible to determine changes to infection risk by recent VoC in this review, the
risk factors identified will add to the overall understanding of the groups who are
at greatest risk of infection in the early stages of a respiratory virus outbreak.

Systematic review registration: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42022330706, PROSPERO [CRD42022330706].

KEYWORDS
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a novel coronavirus,
is the causative agent of coronavirus disease 2019 (COVID-19). This disease was first
reported at the end of 2019 in China (1) then rapidly spread across the world with
multiple waves of different mutations of SARS-CoV-2 as variants of concern (VoC). As new,
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more transmissible variants emerge, vaccination rates increase and
public health and social measures (PHSM) to mitigate transmission
are eased over the course of the pandemic (e.g., density limits,
lockdowns), it is important to understand if individual level
risk factors for infection also change, so public health responses
can prioritize those who are most at risk for infection and
severe disease.

Social, environmental, and economic factors are known to
influence SARS-CoV-2 infection risk in different populations
(2-4). Longstanding structural drivers of health inequities have
been highlighted, as there has been a disproportionate impact
on underserved or disadvantaged community groups (3). Front-
line essential workers were required to go on site throughout
lockdowns. This created a greater risk of infection for those
individuals compared with people who were able to work
remotely from home (2). Individuals who are in precarious
employment, reside in overcrowded or multi-generational housing,
have lower education or income levels have generally been
impacted more severely by the COVID-19 pandemic with
higher risks for infection (5). People employed in roles which
were unable to work from home or relied on cash in hand
positions to support their families were more greatly impacted
by PHSMs like lockdowns; these measures either resulted
in loss of income or a disproportionate increase in risk
of infection due to continued front line work (3, 5). The
impact can be substantial, as many lower to medium income
countries have high proportions of their population working
in these types of employment; in parts of Africa, for example,
more than 70% of the workforce is in informal employment
(5,06).

As vaccination rates increased, many countries eased PHSM.
Easing of PHSM, along with immune evasion and therefore less
vaccine effectiveness against infection for more recent variants, are
likely to have changed who is most at risk of infection over time.
Continuing to understand differences in risk factors between VoC
as they emerge is important to inform public health responses
and to strive for more equitable health outcomes, particularly
early in a pandemic. Previous reviews have described specific
disparities in incidence or severe outcomes from SARS-CoV-2
infection such as race/ethnicity, socioeconomic status, age, or
sex (7-9). However, there have been no systematic literature
reviews on risk for SARS-CoV-2 infection described by VoC.
Understanding if risk factors change over time is valuable to
add to the existing knowledge around the evolution of the
COVID-19 pandemic. As we move into the phase of long-
term public health management, compared with a short-term
emergency response, findings from this review will be beneficial
for informing future respiratory virus outbreak responses. As
lockdowns were eased and restrictions lifted across many countries,
we hypothesize that the risk factors for SARS-CoV-2 infection
changed over time and as the Omicron variant was so highly
transmissible, that most people were infected during this period.
As there was increased community transmission, all people were
at high risk of infection. The aim of this systematic literature
review is to summarize the risk factors of SARS-CoV-2 infection
in all age groups, by variant of concern, and to describe
the effect PHSM may have had on the findings, where the
data allow.
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2. Methods

The protocol for this review was registered with PROSPERO
(Prospero ID: CRD42022330706). This review was conducted
following the guidelines from the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) statement (10).

2.1. Search strategy

A literature search was conducted for peer-reviewed published

articles describing associations between sociodemographic,
economic, or environmental risk factors and infection with
SARS-CoV-2 in any human population. The search was restricted
to articles in English from January 1, 2020, to May 5, 2022. Three
electronic databases were searched: MEDLINE, PubMed and
Embase. The search strategy outlined in Supplementary material 1
was utilized to extract references from these databases via the
Ovid platform. Keywords included SARS-CoV-2, COVID-19,
risk (s), infection, socioeconomic, sociodemographic, geographic,

employment, social determinants of health and population density.

2.2. Selection criteria

This systematic review included studies which assessed risk
factors associated with SARS-CoV-2 infection and reported these
associations as odds ratios, hazard ratios, prevalence ratios or
incidence risk ratios for any age in a human population. Each
risk factor identified in these studies was required to have one
of these corresponding measures and 95% confidence intervals
for inclusion. Studies included were limited to cohort, cross-
sectional and case-control studies. The following study designs
were excluded: randomized controlled trials, case series and
reports, ecological studies, qualitative studies, systematic reviews,
and opinion-based articles. Studies that measured illness severity or
mortality were excluded from the review unless they also included
risk factors for infection independently, with extractable data for
the relevant outcome. Any articles that only included animal studies
were also excluded.

The outcome of interest for inclusion was SARS-CoV-
2 infection, laboratory confirmed via reverse transcription
polymerase chain reaction (RT-PCR) testing, rapid antigen
self-testing (RAT), lateral flow tests or a neutralizing antibody
test. Diagnosis through clinical presentation and meeting
symptom criteria were excluded unless there was subsequent
laboratory confirmation.

2.3. Article screening

Search results from the three databases were imported and
stored in Covidence systematic review software (https://www.
covidence.org). This software was also utilized for the removal of
duplicate articles and coordination of the title and abstract and full
text screenings. A two-stage review process was completed, with the
first screening including a title and abstract screening conducted
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FIGURE 1
PRISMA flow diagram of study selection process and results.

based on the outlined inclusion criteria. A full text review of papers
eligible for inclusion was completed as the second stage process.

To limit the risk of bias in the study selection process,
10% of the total studies returned in the database searches
were title and abstract screened by a second independent
researcher (OB). All articles in the full text review were
screened by both reviewers (MH and OB) for final inclusion
in the review. Any disagreements during the selection process
were resolved via discussion between the two reviewers. A
third-party researcher was available to settle any unresolved
points of contention if they presented through the study
selection process.

2.4. Data extraction and synthesis

Data extracted from each included study were: geographic
location of the study, study design, study population, sample
size/case numbers, study period/timeframe, testing method
for confirmation of SARS-CoV-2 infection, variant or variant
subgroup if reported, risk factor or exposure, results (measure
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and 95% confidence interval) and the criteria for testing (e.g.,
recruited in community centers or tested upon symptomatic
presentation to health centers). Only factors which were positively
or negatively associated with SARS-CoV-2 infection were
extracted. Where papers did not specify which VoC they were
investigating, the variant for that study was determined using
the study time frame and the dominant variant circulating
in that location during the date range, as specified through
the WHO online resources or other government websites
as needed.

To determine study quality, a risk of bias assessment was
conducted for each of the included studies using the Risk of Bias
in Non-randomized Studies of Exposure (ROBINS-E) assessment
tool. The data was synthesized using a narrative summary with
respect to the quality of study and risk of bias in each study and
any associations which can be made.

Due to the high level of heterogeneity in the study design,
risk factors, study participant populations and the measures of
associations, meta-analysis was not possible. The information
gathered from each paper was instead synthesized in a tabular
format and interpreted through narrative analysis.
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3. Results

Searches conducted in three online databases returned 6,197
results. During screening, 2,281 duplicate records were removed,
and 3,916 results were title and abstract screened. The full text
review resulted in 43 articles being eligible for inclusion (Figure 1).

The study characteristics and extracted data from included
studies are shown in Supplementary Table 1. There were seven
case control studies, 22 cohort studies and 14 cross-sectional
studies. Studies were conducted in the United States of America
(USA), United Kingdom, Spain, France, South Korea, Norway,
Ttaly, Portugal, Angola, Indonesia, Colombia and varied between
country-wide studies and smaller, regional populations. The total
number of participants in the 43 studies was 34,818,271 but case
numbers varied considerably between studies.

Several social, economic, and environmental risk factors
for SARS-CoV-2 infection were identified (Table 1). The most
frequently identified risk factors were ethnicity/race (23 studies),
socioeconomic status/strata (SES) (19 studies), age (17 studies),
increased household size (11 studies), comorbidities (11 studies),
occupation nine studies), and sex/gender (nine studies). Several
studies utilized retrospective data from centralized health
surveillance systems or biobanks which contained demographic
data of interest which was then linked to SARS-CoV-2 testing data.
The remaining studies issued self-reporting questionnaires to the
study population via email or phone interview or collected survey
questions upon testing on location.

The prominent VoC was recorded for each study and the
number of studies conducted per VoC are listed in Table 2. There
were 33 studies which were conducted during the predominance of
the ancestral strain of SARS-CoV-2 (11-43). Through the period
of 2020-early 2021, while the ancestral and Alpha strains were
circulating, six studies collected data (44-49); two studies were
conducted for an extended period which included ancestral, Alpha
and Delta circulating (50, 51); one study collected data entirely
during Alpha predominance (52); and one study while Delta was
the prominent variant (53).

3.1. Risk of bias assessment

The ROBINS-E tool was completed for each selected study.
Of the 43 studies, 90.7% (39 studies) reported at least one minor
concern of bias in the study design so were given an overall
moderate risk of bias allocation. Three studies were rated as having
low risk of bias overall (14, 18, 50) and one study was rated as high
risk of bias, due to a lack of adjustment for confounding factors
(34). Most studies found “some concern” in domain 3, relating to
participant selection and risks of selection bias.

3.2. Risk factors for SARS-CoV-2 infection

Ethnicity or race or country of birth was positively associated
with increased risk of SARS-CoV-2 infection in 23 studies and
like most other risk factors, there was significant heterogeneity in
these findings. The ethnic minority groups which were reviewed
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varied considerably between studies, due to the different regions
each study was conducted in. Studies from the USA commonly
explored Hawaiian/Pacific Island, Hispanic or Latinx communities
(30,31, 36, 37, 41, 43) where conversely, studies conducted through
Europe, would investigate other European nations or African
regions (21, 28, 46). One study also reviewed the use of non-English
language in the family/home and found that the use of non-English
language increased infection risk (41).

SES was listed as a risk factor for 19 studies and there was
significant heterogeneity in the methods that studies took to
measure SES. Several studies utilized measures of deprivation of
geographical areas or communities to indicate an individual’s SES;
the Townsend deprivation score (26, 27, 51) and index of multiple
deprivation (24, 48) were two commonly defined measures utilized.
Other studies measured socioeconomic status using self-defined
criteria (criteria included, but not limited to, income, education
level or residential location) (17). Nevertheless, in all studies
which investigated the association between SES and SARS-CoV-
2 infection, there was shown to be a strong positive association
with lower socioeconomic status or deprivation measure and an
increased risk of infection.

Age was analyzed in 17 selected studies. There were some
conflicting findings between studies, but for most, the findings
indicated that older age had a positive association with higher risk
of infection. There was one study where the 15-29-year-old age
range showed an increased risk of infection when compared with
the 50-59-year-old age bracket (21). Increase in age did not always
have a linear increase in infection risk e.g., overall older age had
higher infection risk but one study, conducted during ancestral
strain predominance, showed 18-64- year-old and 75+ both had
higher risk of infection than 65-75-year-old, when compared to a
0-17-year-old group (24).

There were several studies which investigated the link between
household size and infection with SARS-CoV-2 and all concurred
that as the household size increases, so does the risk for infection
(12, 13, 19, 23, 50, 53). There was one study which investigated
the type of housing and risk of infection and found that living in a
shelter/social housing was associated with increased risk (53). Two
studies explored the impact of living in an aged care facility on risk
of infection and found an increased likelihood of infection (19, 21).
One study conducted in France also found that the activities of the
other individuals in the household, influenced another individuals
risk of infection; specifically, living in a household with children
who attended school or had a childminder (12).

Some studies explored associations with infection risk from
specific jobs or employment sectors (like healthcare workers,
aged care workers or shift work) and found some frontline,
healthcare, and hospitality jobs to have increased risk of infection
(15, 21, 44). Several studies also looked at the income level and
the association with infection; income ranges varied throughout
studies, but all showed associations between lower income and
increased infection risk (17, 18, 20, 23, 32, 40, 50). These studies
often also compared this with unemployment and found that
retirement or unemployment increased the risk of infection. One
study investigated an individual’s employment status but also the
employment status of their partner, and found that the unemployed
status of their partner was associated with an increase in risk
of infection (14). One study investigated the different modes of
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TABLE 1 Identified risk factors for SARS-CoV-2 infection and
corresponding frequency in selected studies (n = 43).

Number of studies
reporting a positive
association with

Risk factor categories

infection
Minority ethnicity/race/country of birth 23
Lower socioeconomic status 19
Older age 17
Increased household size/cohabitants and 11
type of housing
Presence of comorbidities/health status 11
Male gender 9
Occupation 9
Lower income level/occupation status 8
Obesity 5
Lower education level 5
Residential factors—rural/urban, population 4
size
Employment factors—inability to WFH, 4
form of commute, in-person meetings
Presence of mental disorders/psychiatric 2
diagnosis
Environmental—lack of access to safe 2
drinking water, increased air pollution
Smoking status 2

working (remote, on site, hybrid etc.) to determine the risk for each
form of work (53). This found that when compared to working full
time at the office on site, a hybrid option served as a protective
factor and reduced risk of infection. All other forms of work had
no association to infection. Unemployment/not working at all did
however have an increased risk of infection compared to full time
office work (53). Lower levels of education was also identified as a
risk factor in multiple studies (19, 23, 28, 51), finding that risk of
infection decreased the higher the level of education attained.

There were several other individual risk factors which broadly
fell into environmental factors. One study found that not having
access to safe drinking water increased the risk of infection (22).
Similarly, one study also found that being a current or previous
smoker also had an increased infection risk (29). There was one
study which found that increased air pollution levels was a risk
factor for infection (48).

The comorbidities investigated in these studies included
diabetes (17, 41, 51), major depressive disorder (52), moderate
to severe disability (18), respiratory disease, cerebrovascular
disease, and hypertension (51). Diabetes was the most common
comorbidity to show a positive association to infection across
multiple studies. Diagnosed mental health and psychiatric
disorders were also explored and showed that an individual with
a mental disorder is at a greater risk of infection (51). The study
exploring psychiatric disorders however, only showed a positive
association with major depressive disorder whereas all other
disorders explored (e.g., schizophrenia) showed no association (52).
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TABLE 2 Included studies by VoC.

Year (s) of study Dominant VoC Number of
circulating studies
during study

2020 Ancestral 33

2020-Early 2021 Ancestral and Alpha 6

2020-Mid 2021 Ancestral, Alpha, and 2
Delta

Early 2021 Alpha 1

Mid 2021 Delta 1

4. Discussion

This systematic literature review identified several risk factors
associated with having SARS-CoV-2 infection across multiple
studies, including minority ethnicity, older age, male gender,
lower SES, increased household size, occupation, presence of
comorbidities and lower income level. Most included studies were
conducted early in the pandemic so changes to risk factors that may
have occurred with the changes in VoC over time could not be
determined. There are two studies which were conducted during
the Alpha (52) and Delta (53) periods of circulation but both
of these studies reported on unique risk factors which were not
included in other studies. Notably, the study by Grant et al. (53) in
France, performed an analysis comparing the risk factors between
Delta and Ancestral strain SARS-CoV-2, using genomic testing and
found no difference in the risk factors between Delta or Ancestral
strain variants. This was the only study directly comparing risk
factors by VoC. Further studies assessing the risk factors during
Delta, Omicron or any future variants may be beneficial, although
during the period of Omicron predominance, most people were
at risk of infection due to the high transmissibility of this VoC.
While this review did not identify any studies of more recent VoC
to determine any change to risk factors over time, it does provide
further evidence of clear risk factors for ancestral, Alpha and Delta
VoC. This will add to the substantial knowledge base of risk factors
for viral infections in the early stages of a pandemic or outbreak.

The evolution of the pandemic and the changes to PHSM
as governments eased restrictions also has an impact on risk of
infection. Some studies did refer to the impact of government
restriction changes and testing capacity improvements on their
results (15, 20, 53). The study by Magnusson in Norway (15),
highlighted the shift in risk of infection by occupation, as the
stages of PHSM changed. The beginning of the first wave saw
police officers, firefighters, healthcare workers and taxi/bus drivers
with the greatest risk but as the second wave was recorded, the
highest risk of infection had moved to frontline and entertainment
occupations like bar tenders and retail workers. This highlights the
evolution of risk as public health interventions change over time
and the risk shifts to different parts of the community. Studies such
as these should be utilized to inform future public health strategies,
in particular vaccination scheduling in order of greatest infection
risk and in anticipation of the changes in PHSM and risk.

A similar study performed in Spain, reviewed changes in risk
of infection by age and socioeconomic status (20). The three waves
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noted in this study identified older individuals in aged care facilities
being the most impacted in the first wave, with highest risk. The
second wave, also correlated with wider testing capabilities, and
showed a significant change where low SES individuals were at
higher risk. The return of the seasonal fruit pickers also aligned with
that second wave in Spain; this cohort was identified as particularly
vulnerable as they are often migrants from other low- and middle-
income countries returning to Spain for work. As PHSMs were
altered, subsequent waves occurred in different naive populations
of the community.

Due to the heterogeneity between specific risk factor definitions
in each individual study, some risk factors, such as SES, could
only be broadly summarized. Some studies measured using a
series of indicators (like education level and income) whereas
other studies chose to use measures of deprivation as an indicator
of socioeconomic strata. The index of multiple deprivation was
one such measure which combines seven different domains from
the indices of deprivation as created by the UK government to
reflect areas of the nation and their cumulative level of deprivation
(54). This measure was utilized by three studies completed in
the United Kingdom (24, 47, 48). Another similar measure, the
Townsend deprivation score, was also used by multiple studies to
measure deprivation and SES (25-27, 51). While these measures
may not be directly comparable across studies, their overall
findings present concordant results. All studies which measured
SES reported conclusively that the more significant the deprivation
or lower SES bracket, the greater risk of infection.

Several individual risk factors can also be related with other
identified risk factors; for example, income level and employment
status, both of which were individually identified as risk factors, also
form part of defining an individual’s SES grouping. It is important
to better understand the links between different risk factors and the
behaviors that drive them so targeted responses and interventions
can be designed. This relationship between risk factors was also
observed in the most commonly reported risk factors, minority
ethnicity or race and country of birth (18, 28, 30, 31, 36, 37, 41,
43, 46). As previously highlighted, one study found that speaking
a language other than English in the household, was an indicator
of increased risk of infection (41). While this risk factor may
have only been identified in a single study, it likely reflects the
increased risk of infection identified in ethnic minority and lower
socio-economic groups and those that could not work from home.
Retirement or unemployment status was also found to be a risk
factor for infection in several studies. Some studies have shown that
transmission in households and other residential settings (like aged
care facilities) are major drivers of SARS-CoV-2 infection (55, 56).
As retirement and unemployment may also be associated with
living in settings like aged care facilities or larger households, these
may be the factors that put these groups of individuals at higher risk
of infection. This also supports the common finding of increased
household size being a risk factor for infection. From these studies
we can clearly identify that there is a disproportionate burden of
risk for these groups, therefore it is important as PHSMs are rolled
back and new variants emerge, ongoing research is conducted to
monitor any changes in risk. This will assist with informing future
public health responses to COVID-19 or another pandemic, and
long-term policy to support equitable health outcomes.
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Our review has a number of limitations. Firstly, the risk of bias
assessment only identified one study which had high risk of bias.
However, as identified through the risk of bias assessment, there
may be potential biases introduced in the selection of participants
in multiple studies. Observational studies investigating risk factors
for SARS-CoV-2 infection can often be subject to selection bias,
in both directions (57). Due to government and public health
responses, testing was limited and highly specified during most
of 2020. As most of the included studies were conducted in 2020,
the testing criteria were often narrow and commonly restricted
to healthcare workers or symptomatic hospital presentations. This
limited testing may introduce bias as asymptomatic presentations
or individuals who were not able to present to a hospital
for care may not have been recorded, leading to associations
less representative of the wider population. Studies which are
conducted when testing criteria were broadened, or if there was
more comprehensive surveillance testing to capture asymptomatic
infections, may have reduced impact of this bias. Secondly, another
consideration is the exclusion of gray literature and pre-print
material, and this may have biased the studies to the earlier
VoC. Thirdly, the review mostly consists of studies from high
income countries, with only three studies from low- and middle-
income countries. Health inequity is much greater in low- and
middle-income countries and understanding the changes to risk
in these settings may be particularly beneficial to guide their
public health responses to communicable diseases. This warrants
further investigation to identify whether risk factors change or
are disproportionately more severe in LMIC when compared to
higher income countries. It should also be noted that different
COVID-19 vaccine formulations have different effects on infection
rates. Vaccine effectiveness also differs by variant and by immunity
derived from prior infection, although studies included in this
review did not describe how vaccines modified the risk of infection.
The majority of included studies were conducted prior to the
introduction of COVID-19 vaccines, so the potential effects of this
would only impact few studies, nevertheless, this is a limitation of
our findings.

With the recent decision by the WHO that the COVID-19
pandemic no longer constitutes a Public Health Emergency of
International Concern (PHEIC) and better reflects a position of
long-term public health management; (58) the findings of this
review contribute to the collective knowledge of risk factors for
infection with respiratory viruses in the early stages of a pandemic.
The information presented here should be useful for PHSM and
policy decision making in future outbreaks of novel respiratory
viruses, helping ensure that the groups who are at greatest risk
are appropriately protected, where possible, and prioritized in
vaccine rollouts.

In conclusion, this systematic review found clear risk factors
for SARS-CoV-2 infection during transmission of the ancestral
strain. Further studies including risk factors during predominance
of Delta, Omicron and future variants would be important to
inform current and future long-term public health responses.
Identifying how risk changes as new VoC emerge, the impact of
VoC on immune evasion and how risk may change as PHSM are
adjusted, allows for a better understanding of who is at greater
risk. This may support development of strategies that target priority
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groups at different stages of a pandemic and, informing vaccination
strategies and other interventions that may reduce transmission.
Understanding this change in risk over time may also be beneficial
to inform public health responses for future outbreaks of other
novel infectious diseases as they evolve during a pandemic.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

MH, JH, and FR contributed to the conception and design of
the study. MH drafted the review protocol, executed the search
strategy, and wrote the first draft of the manuscript. JH and FR
reviewed and contributed to the protocol. MH and OB screened
and reviewed all titles, abstracts, and included studies. JH, OB,
and FR critically reviewed and wrote sections of the manuscript
multiple times. All authors contributed to manuscript revision,
read, and approved the submitted version.

References

1. Lotfi M, Hamblin MR, Rezaei N. COVID-19: transmission, prevention,
and potential therapeutic opportunities. Clin Chim Acta. (2020) 508:254-
66. doi: 10.1016/j.cca.2020.05.044

2. Roder C, Maggs C, McNamara BJ, O’Brien D, Wade AJ, Bennett C, et al. Area-
level social and economic factors and the local incidence of SARS-CoV-2 infections in
Victoria during 2020. Med ] Aust. (2022) 216:349-56. doi: 10.5694/mja2.51436

3. Paremoer L, Nandi S, Serag H, Baum F. Covid-19 pandemic and the social
determinants of health. BMJ. (2021) 372:n129. doi: 10.1136/bmj.n129

4. Baena-Diez JM, Barroso M, Cordeiro-Coelho SI, Diaz JL, Grau M. Impact of
COVID-19 outbreak by income: hitting hardest the most deprived. J Public Health.
(2020) 42:698-703. doi: 10.1093/pubmed/fdaal36

5. Amnesty International. The Impact of States’ COVID-19 Responses on Groups
Affected by Unjust Criminalisation. London. (2022).

6. International Labour Office. Women and Men in the Informal Economy: A
Statistical Picture. 2nd ed. (Geneva). (2014).

7. Khanijahani A, Iezadi S, Gholipour K, Azami-Aghdash S, Naghibi
D. A systematic review of racial/ethnic and socioeconomic disparities in
COVID-19. Int ] Equity Health. (2021) 20:248. doi: 10.1186/s12939-021-0
1582-4

8. Zheng Z, Peng E, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical &
mortal COVID-19 cases: a systematic literature review and meta-analysis. J Infect.
(2020) 81:¢16-25. doi: 10.1016/}.jinf.2020.04.021

9. Pijls  BG, Jolani S, Atherley A, Derckx RT, Dijkstra ]JIR,
Franssen GHL, et al. Demographic risk factors for COVID-19
infection, severity, ICU admission and death: a meta-analysis of 59
studies. BMJ  Open. (2021) 11:¢044640. doi:  10.1136/bmjopen-2020-0
44640

10. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BM]J. (2021) 372:n71. doi: 10.1136/bmj.n71

11. Sebastiao CS, Neto Z, Martinez P, Jandondo D, Antonio ], Galangue M, et al.
Sociodemographic characteristics and risk factors related to SARS-CoV-2 infection in
Luanda, Angola. PLoS ONE. (2021) 16:€0249249. doi: 10.1371/journal.pone.0249249

12. Galmiche S, Charmet T, Schaeffer L, Paireau ], Grant R, Chény O, et al. Exposures
associated with SARS-CoV-2 infection in France: a nationwide online case-control
study. Lancet Reg Health Eur. (2021) 7:100148. doi: 10.1016/j.]lanepe.2021.100148

Frontiersin Public Health

10.3389/fpubh.2023.1178167

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.
1178167/full#supplementary-material

13. Bella A, Akbar MT, Kusnadi G, Herlinda O, Regita PA, Kusuma D.
Socioeconomic and behavioral correlates of COVID-19 infections among hospital
workers in the greater Jakarta Area, Indonesia: a cross-sectional study. Int ] Environ
Res Public Health. (2021) 18:5048. doi: 10.3390/ijerph18105048

14. D’Ambrosi E Iurlaro E, Tassis B, Di Maso M, Erra R, Cetera GE, et al.
Sociodemographic characteristics of pregnant women tested positive for COVID-19
admitted to a referral center in Northern Italy during lockdown period. J Obstet
Gynaecol Res. (2021) 47:1751-6. doi: 10.1111/jog.14729

15. Magnusson K, Nygard K, Methi E, Vold L, Telle K. Occupational risk of COVID-
19 in the first versus second epidemic wave in Norway, 2020. Euro Surveill. (2021)
26:2001875. doi: 10.2807/1560-7917.ES.2021.26.40.2001875

16. Magalhaes JPM, Ribeiro AlI, Caetano CP, Sa Machado R. Community
socioeconomic deprivation and SARS-CoV-2 infection risk: findings from Portugal.
Eur ] Public Health. (2022) 32:145-50. doi: 10.1093/eurpub/ckab192

17. Chun S-Y, Kim DW, Lee SA, Lee SJ, Chang JH, Choi Y]J, et al. Does diabetes
increase the risk of contracting COVID-19? A population-based study in Korea.
Diabetes Metab J. (2020) 44:897-907. doi: 10.4093/dm;.2020.0199

18. Oh TK, Choi J-W, Song I-A. Socioeconomic disparity and the risk of contracting
COVID-19 in South Korea: an NHIS-COVID-19 database cohort study. BMC Public
Health. (2021) 21:144. doi: 10.1186/s12889-021-10207-y

19. Leite A, Leao T, Soares P, Severo M, Moniz M, Lucas R, et al. A case-control
study of contextual factors for SARS-CoV-2 transmission. Front Public Health. (2021)
9:772782. doi: 10.3389/fpubh.2021.772782

20. Aguilar-Palacio I, Maldonado L, Malo S, Sanchez-Recio R, Marcos-
Campos I, Magallon-Botaya R, et al. COVID-19 inequalities: individual and area
socioeconomic factors (Aragon, Spain). Int ] Environ Res Public Health. (2021)
18:6607. doi: 10.3390/ijerph18126607

21. Castilla J, Guevara M, Miqueleiz A, Baigorria E Ibero-Esparza C, Navascues
A, et al. Risk factors of infection, hospitalization and death from SARS-CoV-2: a
population-based cohort study. J Clin Med. (2021) 10:2608. doi: 10.3390/jcm10122608

22. Morante-Garcia W, Zapata-Boluda RM, Garcia-Gonzalez ], Campuzano-
Cuadrado P, Calvillo C, Alarcon-Rodriguez R. Influence of social determinants
of health on COVID-19 infection in socially vulnerable groups. Int
J  Environ Res Public Health. (2022) 19:1294. doi: 10.3390/ijerph190
31294

23. Chadeau-Hyam M, Bodinier B, Elliott J, Whitaker MD, Tzoulaki I, Vermeulen
R, et al. Risk factors for positive and negative COVID-19 tests: a cautious

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1178167
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1178167/full#supplementary-material
https://doi.org/10.1016/j.cca.2020.05.044
https://doi.org/10.5694/mja2.51436
https://doi.org/10.1136/bmj.n129
https://doi.org/10.1093/pubmed/fdaa136
https://doi.org/10.1186/s12939-021-01582-4
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1136/bmjopen-2020-044640
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1371/journal.pone.0249249
https://doi.org/10.1016/j.lanepe.2021.100148
https://doi.org/10.3390/ijerph18105048
https://doi.org/10.1111/jog.14729
https://doi.org/10.2807/1560-7917.ES.2021.26.40.2001875
https://doi.org/10.1093/eurpub/ckab192
https://doi.org/10.4093/dmj.2020.0199
https://doi.org/10.1186/s12889-021-10207-y
https://doi.org/10.3389/fpubh.2021.772782
https://doi.org/10.3390/ijerph18126607
https://doi.org/10.3390/jcm10122608
https://doi.org/10.3390/ijerph19031294
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Harris et al.

and in-depth analysis of UK biobank data. Int ] Epidemiol. (2020) 49:1454-
67. doi: 10.1093/ije/dyaal34

24. de Lusignan S, Dorward J, Correa A, Jones N, Akinyemi O, Amirthalingam
G, et al. Risk factors for SARS-CoV-2 among patients in the Oxford
Royal College of General Practitioners Research and Surveillance Centre
primary care network: a cross-sectional study. Lancet Infect Dis. (2020)
20:1034-42. doi: 10.1016/S1473-3099(20)30371-6

25. Fatima Y, Bucks RS, Mamun AA, Skinner I, Rosenzweig I, Leschziner G, et al.
Shift work is associated with increased risk of COVID-19: Findings from the UK
Biobank cohort. ] Sleep Res. (2021) 30:e13326. doi: 10.1111/jsr.13326

26. Lee SE Niksic M, Rachet B, Sanchez M-], Luque-Fernandez MA. Socioeconomic
inequalities and ethnicity are associated with a positive COVID-19 test among cancer
patients in the UK biobank cohort. Cancers. (2021) 13:1514. doi: 10.3390/cancers13
071514

27. McQueenie R, Foster HME, Jani BD, Katikireddi SV, Sattar N, Pell JP,
et al. Multimorbidity, polypharmacy, and COVID-19 infection within the UK
Biobank cohort. PLoS ONE. (2020) 15:e0238091. doi: 10.1371/journal.pone.0
238091

28. Niedzwiedz CL, O’Donnell CA, Jani BD, Demou E, Ho FK, Celis-Morales C, et al.
Ethnic and socioeconomic differences in SARS-CoV-2 infection: prospective cohort
study using UK Biobank. BMC Med. (2020) 18:160. doi: 10.1186/s12916-020-01640-8

29. Prats-Uribe A, Xie J, Prieto-Alhambra D, Petersen I. Smoking and COVID-19
infection and related mortality: a prospective cohort analysis of UK biobank data. Clin
Epidemiol. (2021) 13:357-65. doi: 10.2147/CLEP.S300597

30. Abuelezam NN, Greenwood KL, Al-Ani M, Galea S, Al-Naser R.
Risk Factors for COVID-19 Positivity and Hospital Admission Among
Arab American Adults in Southern California. Public Health Rep. (2022)
137:790-5. doi: 10.1177/00333549221083740

31. Abuelezam NN, Greenwood KL, Galea S, Al-Naser R. Differential COVID-19
testing, admissions, and mortality for Arab Americans in Southern California. PLoS
ONE. (2022) 17:¢0267116. doi: 10.1371/journal.pone.0267116

32. Allan-Blitz L-T, Goldbeck C, Hertlein E Turner I, Klausner JD. Association of
lower socioeconomic status and SARS-CoV-2 positivity in Los Angeles, California. J
Prev Med Public Health. (2021) 54:161-5. doi: 10.3961/jpmph.21.126

33. Dai CL, Kornilov SA, Roper RT, Cohen-Cline H, Jade K, Smith B, et al.
Characteristics and factors associated with coronavirus disease 2019 infection,
hospitalization, and mortality across race and ethnicity. Clin Infect Dis. (2021) 73:2193-
204. doi: 10.1093/cid/ciab154

34. Denny V, Shah N, Petro K, Choksey K, DeSantis E, Hintz M, et al.
Impact of outpatient SARS-CoV-2 infections in minority children. Medicine. (2021)
100:€24895. doi: 10.1097/MD.0000000000024895

35. Esaryk EE, Wesson P, Fields J, Rios-Fetchko F Lindan C, Bern C, et al.
Variation in SARS-CoV-2 infection risk and socioeconomic disadvantage among
a Mayan-Latinx Population in Oakland, California. JAMA Netw Open. (2021)
4:€2110789. doi: 10.1001/jamanetworkopen.2021.10789

36. Fan VS, Dominitz JA, Eastment MC, Locke ER, Green P, Berry K, et al. Risk
factors for testing positive for severe acute respiratory syndrome Coronavirus 2
in a National United States Healthcare System. Clin Infect Dis. (2021) 73:e3085-
€94. doi: 10.1093/cid/ciaal624

37. Gershengorn HB, Patel S, Shukla B, Warde PR, Bhatia M, Parekh D, et al.
Association of race and ethnicity with COVID-19 test positivity and hospitalization
is mediated by socioeconomic factors. Ann Am Thorac Soc. (2021) 18:1326-
34. doi: 10.1513/AnnalsATS.202011-14480C

38. Khanna N, Klyushnenkova EN, Kaysin A. Association of COVID-

19 with race and socioeconomic factors in family medicine. J Am
Board Fam Med. (2021) 34(Suppl.):S40-7. doi: 10.3122/jabfm.2021.51.20
0338

39. Mannheim J, Konda S, Logan LK. Racial, ethnic and socioeconomic disparities
in SARS-CoV-2 infection amongst children. Paediatr Perinat Epidemiol. (2022) 36:337-
46. doi: 10.1111/ppe.12865

40. Munoz-Price LS, Nattinger AB, Rivera F, Hanson R, Gmehlin CG, Perez A, et al.
Racial disparities in incidence and outcomes among patients with COVID-19. JAMA
Netw Open. (2020) 3:¢2021892. doi: 10.1001/jamanetworkopen.2020.21892

41. Rozenfeld Y, Beam ], Maier H, Haggerson W, Boudreau K, Carlson
J, et al. A model of disparities: risk factors associated with COVID-19

Frontiersin Public Health

08

10.3389/fpubh.2023.1178167

infection. (2020) 19:126. doi: 10.1186/5s12939-020-0

1242-z

42. Sakowicz A, Ayala AE, Ukeje CC, Witting CS, Grobman WA, Miller ES.
Risk factors for severe acute respiratory syndrome coronavirus 2 infection in
pregnant women. Am J Obstetr Gynecol. (2020) 2:100198. doi: 10.1016/j.ajogmf.2020.
100198

43. Vahidy FS, Nicolas JC, Meeks JR, Khan O, Pan A, Jones SL, et al.
Racial and ethnic disparities in SARS-CoV-2 pandemic: analysis of a COVID-19
observational registry for a diverse US metropolitan population. BMJ Open. (2020)
10:¢039849. doi: 10.1136/bmjopen-2020-039849

44. Varela AR, Florez LJH, Tamayo-Cabeza G, Contreras-Arrieta S, Restrepo SR,
Laajaj R, et al. Factors associated with SARS-CoV-2 infection in Bogota, Colombia:
results from a large epidemiological surveillance study. Lancet Reg Health Am. (2021)
2:100048. doi: 10.1016/j.1ana.2021.100048

Int ] Equity Health.

45. Ortiz-Pinto MA, de Miguel-Garcia S, Ortiz-Marron H, Ortega-Torres A,
Cabanas G, Gutierrez-Torres LF, et al. Childhood obesity and risk of SARS-CoV-2
infection. Int J Obes. (2022) 46:1155-9. doi: 10.1038/s41366-022-01094-3

46. Mathur R, Rentsch CT, Morton CE, Hulme WJ, Schultze A, MacKenna B, et al.
Ethnic differences in SARS-CoV-2 infection and COVID-19-related hospitalisation,
intensive care unit admission, and death in 17 million adults in England: an
observational cohort study using the OpenSAFELY platform. Lancet. (2021) 397:1711-
24. doi: 10.1016/S0140-6736(21)00634-6

47. Antonelli M, Penfold RS, Merino J, Sudre CH, Molteni E, Berry S, et al. Risk
factors and disease profile of post-vaccination SARS-CoV-2 infection in UK users of
the COVID Symptom Study app: a prospective, community-based, nested, case-control
study. Lancet Infect Dis. (2022) 22:43-55. doi: 10.1016/S1473-3099(21)00460-6

48. Scalsky RJ, Chen Y-, Ying Z, Perry JA, Hong CC. The social and natural
environment’s impact on SARS-CoV-2 infections in the UK Biobank. Int ] Environ Res
Public Health. (2022) 19:533. doi: 10.3390/ijerph19010533

49. Ioannou GN, Ferguson JM, O’Hare AM, Bohnert ASB, Backus LI, Boyko
EJ, et al. Changes in the associations of race and rurality with SARS-CoV-
2 infection, mortality, and case fatality in the United States from February
2020 to March 2021: a population-based cohort study. PLoS Med. (2021)
18:¢1003807. doi: 10.1371/journal.pmed.1003807

50. Stordal K, Ruiz PL-D, Greve-Isdahl M, Suren P, Knudsen PK, Gulseth HL,
et al. Risk factors for SARS-CoV-2 infection and hospitalisation in children and
adolescents in Norway: a nationwide population-based study. BMJ Open. (2022)
12:¢056549. doi: 10.1136/bmjopen-2021-056549

51. Dai XJ, Shao Y, Ren L, Tao W, Wang Y. Risk factors of COVID-19 in
subjects with and without mental disorders. J Affect Disord. (2022) 297:102-
11. doi: 10.1016/j.jad.2021.10.024

52. Hassan L, Peek N, Lovell K, Carvalho AF, Solmi M, Stubbs B, et al. Disparities in
COVID-19 infection, hospitalisation and death in people with schizophrenia, bipolar
disorder, and major depressive disorder: a cohort study of the UK Biobank. Mol
Psychiatry. (2022) 27:1248-55. doi: 10.1038/s41380-021-01344-2

53. Grant R, Charmet T, Schaeffer L, Galmiche S, Madec Y, Von Platen C, et al.
Impact of SARS-CoV-2 Delta variant on incubation, transmission settings and vaccine
effectiveness: results from a nationwide case-control study in France. Lancet Reg Health
Eur. (2022) 13:100278. doi: 10.1016/j.lanepe.2021.100278

54. Smith T, Noble M, Noble S, Wright G, McLennan D, Plunkett E. The English
Indices of Deprivation. London: Department for Communities and Local Government
(2015). p. 1-94.

55. Yu W, Huaiyu T, Li Z, Man Z, Dandan G, Wenting W, et al. Reduction of
secondary transmission of SARS-CoV-2 in households by face mask use, disinfection
and social distancing: a cohort study in Beijing, China. BM] Global Health. (2020)
5:¢002794. doi: 10.1136/bmjgh-2020-002794

56. Lee EC, Wada NI, Grabowski MK, Gurley ES, Lessler J. The engines of SARS-
CoV-2 spread. Science. (2020) 370:406-7. doi: 10.1126/science.abd8755

57. Accorsi EK, Qiu X, Rumpler E, Kennedy-Shaffer L, Kahn R, Joshi K, et al. How to
detect and reduce potential sources of biases in studies of SARS-CoV-2 and COVID-19.
Eur J Epidemiol. (2021) 36:179-96. doi: 10.1007/s10654-021-00727-7

58. WHO. Statement on the fifteenth meeting of the IHR (2005) Emergency
Committee on the COVID-19 pandemic [Statement]. (2023). Available from: https://
www.who.int/news/item/05-05-2023- statement- on- the- fifteenth- meeting- of- the-
international-health-regulations- (2005)- emergency- committee- regarding- the-
coronavirus-disease- (covid-19)-pandemic (accessed May 5, 2023).

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1178167
https://doi.org/10.1093/ije/dyaa134
https://doi.org/10.1016/S1473-3099(20)30371-6
https://doi.org/10.1111/jsr.13326
https://doi.org/10.3390/cancers13071514
https://doi.org/10.1371/journal.pone.0238091
https://doi.org/10.1186/s12916-020-01640-8
https://doi.org/10.2147/CLEP.S300597
https://doi.org/10.1177/00333549221083740
https://doi.org/10.1371/journal.pone.0267116
https://doi.org/10.3961/jpmph.21.126
https://doi.org/10.1093/cid/ciab154
https://doi.org/10.1097/MD.0000000000024895
https://doi.org/10.1001/jamanetworkopen.2021.10789
https://doi.org/10.1093/cid/ciaa1624
https://doi.org/10.1513/AnnalsATS.202011-1448OC
https://doi.org/10.3122/jabfm.2021.S1.200338
https://doi.org/10.1111/ppe.12865
https://doi.org/10.1001/jamanetworkopen.2020.21892
https://doi.org/10.1186/s12939-020-01242-z
https://doi.org/10.1016/j.ajogmf.2020.100198
https://doi.org/10.1136/bmjopen-2020-039849
https://doi.org/10.1016/j.lana.2021.100048
https://doi.org/10.1038/s41366-022-01094-3
https://doi.org/10.1016/S0140-6736(21)00634-6
https://doi.org/10.1016/S1473-3099(21)00460-6
https://doi.org/10.3390/ijerph19010533
https://doi.org/10.1371/journal.pmed.1003807
https://doi.org/10.1136/bmjopen-2021-056549
https://doi.org/10.1016/j.jad.2021.10.024
https://doi.org/10.1038/s41380-021-01344-2
https://doi.org/10.1016/j.lanepe.2021.100278
https://doi.org/10.1136/bmjgh-2020-002794
https://doi.org/10.1126/science.abd8755
https://doi.org/10.1007/s10654-021-00727-7
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Risk factors for SARS-CoV-2 infection during the early stages of the COVID-19 pandemic: a systematic literature review
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Selection criteria
	2.3. Article screening
	2.4. Data extraction and synthesis

	3. Results
	3.1. Risk of bias assessment
	3.2. Risk factors for SARS-CoV-2 infection

	4. Discussion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


