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Summary
This manuscript offers a broad examination of key factors that may impact the risk of COVID-19 infection across various geographic regions. 

Results provide evidence about potential risk factors for COVID-19 infection around the world for certain sub-groups as COVID-19 mutates.
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Abstract
The coronavirus disease 2019 (COVID-19) pandemic has changed 

which affects the risk of COVID-19 infection for specific subgroups. 
We focused on the subgroups based on the factors (sex, age, and vac-
cination) and COVID-19 strains (Alpha, Delta, and Omicron). Past 
studies focused on analyzing these factors based on one geographic re-
gion or one COVID-19 strain. Therefore, there is a need to understand 
these factors’ association with risk of COVID-19 infection through 
analyzing data from various geographic regions and strains. The as-
sociation between COVID-19 strains and the factors was assessed 
through chi-square test and odds ratio tests. Sex, vaccination, age 
had a significant association with testing positive for the COVID-19 
strains of interest in most geographies. The biggest difference was un-

vaccinated individuals have 3.14 higher odds of getting Alpha than 
vaccinated individuals in Canada. These findings provide insights into 
the groups that are more susceptible to contracting specific strains of 
COVID-19.

 Introduction
The coronavirus disease 2019 (COVID-19) began to spread around 

the world at the end of 2019, causing severe upper-respiratory disease 
and death, overwhelming hospitals, draining emergency resources, 
and inciting fear and panic. On March 11, 2020, the World Health 
Organization (WHO) declared COVID-19 as a pandemic [1]. As of 
May 5, 2023, WHO has declared that COVID-19 is no longer a Public 
Health Emergency of International Concern (PHEIC) [1]. Between 
2020 and 2023, the virus mutated multiple times and various vari-
ants emerged. The Variants of Concern (VOCs) are Delta (B.1.617.2), 
Beta (B.1.351), Omicron (B.1.1.529), and Alpha (B.1.1.7) as of 2023 
[2]. Even with mitigating measures such as vaccination, the spread 
of COVID-19 has not significantly decreased when it comes to new 
COVID-19 variants [3]. Thus, there is a need to understand further 
the risk factors for COVID-19 and its past variants to better control 
the spread of COVID-19. Epidemiological studies identifying the risk 
factors for infection by certain variants are essential to understanding 
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the spread of COVID-19 and improving patient care management. A 
number of studies examined risk factors such as age, sex, and vaccin-
ation. In Europe, there is no material association between COVID-19 
infection by age or sex [4]. 

Studies from the US and Spain seem to suggest a competing result: 
52% and a higher percentage of patients hospitalized with COVID-19 
were males [5]. Vaccination rates and uptake are also differential by 
population; data from South Africa suggest that in 2021, 29.2% of the 
adult population reported being hesitant about receiving a COVID-19 
vaccine [6]. Based on the study, South African population is less like-
ly to be vaccinated, increasing the incidence of COVID-19 for a pro-
portion of their population. In contrast, Israel reported higher levels 
of vaccine uptake, but data also showed a seemingly increased inci-
dence of COVID-19 for individuals who had a significant amount of 
time elapsed after the second vaccination dose of the Pfizer-BioNTech 
BNT162b2 mRNA vaccine [7]. Even so, there is abundant evidence 
demonstrating that overall, vaccination protects against hospitaliza-
tion due to COVID-19 complications [8]. Therefore, the discordant 
findings across studies from different geographies and populations 
suggest that more investigation is necessary to fully understand the 
nuanced and/or differential impact of sex, age, and vaccination on the 
risk of COVID-19.

A comprehensive review of the risk factors of COVID-19 infec-
tion in countries across the world is essential to understanding gaps 
in COVID-19 infection patterns, enhancing preventive care for 
COVID-19 patients, and improving care management for COVID-19 
patients. To this end, this study assessed associations between 
COVID-19 strain and risk factors, including age, sex, and vaccination 
status, through a modified, meta-analysis approach.

Methods
We used a meta-analysis approach to conduct a summary analy-

sis of key studies representing diverse geographies and populations 
to identify key demographic factors associated with strain-specific 
COVID-19 infection. Though this analysis is not strictly a meta-an-
alysis, we chose to align the methodology as closely as possible to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and checklist.

Search Strategy

We searched two databases-PubMed and the Incidence and Preva-
lence Database (IPD) for studies published between December 1, 
2020 and January 5, 2023 to identify relevant COVID-19 publications 
which reported demographics, symptoms, and vaccination status of 
people testing positive for COVID-19. The keywords and Medic-
al Subject Headings (MeSH) terms selected included “COVID-19,” 
“SARS-CoV-2,” and “Novel coronavirus 2019.” We performed the last 
search on January 5, 2023.

Eligibility Criteria and Study Selection

Inclusion criteria for screening: Our study methodology started 
with screening for articles using only study titles and abstracts. Those 
deemed eligible for analysis consideration were further scrutinized in 
a second step for inclusion into the analysis set. We screened peer-re-
viewed and non-peer-reviewed studies for papers analyzing popula-
tions with confirmed SARS-CoV-2 via positive Polymerase Chain Re-
action (PCR) test, Reverse Transcriptase Polymerase Chain Reaction 
(RT-PCR), molecular testing (laboratory-based or qualitative antigen 
test), or respiratory samples (nasopharyngeal swabs, sputum, and 
bronchoalveolar lavage fluid). Further, studies confirmed infection 
strain via Whole-Genome Sequencing (WGS) or S Gene Target Fail-
ure (SGTF). Selected articles also included variables on demographics, 

outcomes, risk factors, vaccination, clinical manifestations, and symp-
toms. Finally, eligible studies were not limited by language of publica-
tion; we used Google Translate tools to translate non-English articles 
to English. We excluded the studies if they focused on a certain age 
group or other subpopulation; geographic regions had a population of 
less than one million; subjects weren’t hospitalized for COVID-19 or 
only considered patients who had the same outcome. The publication 
types excluded were reprints and studies such as letters, correspond-
ence, and comments. Articles with irrelevant clinical study focus (such 
as animal data and care management) and nonclinical study focus 
(such as diagnostic techniques) were also excluded.

 Inclusion criteria: Studies that passed the initial screening were fur-
ther filtered to identify papers with the aligned variables and sample 
size required for the primary analysis. For the primary analysis, stud-
ies needed to report the vaccination status, sex, or gender of each sub-
ject in the study. The investigators extracted ecological data. The final 
study sample included studies that all contained data on confirmed 
SARS-CoV-2 diagnosis and strain in addition to data on vaccination, 
demographics, including sex and age, and symptoms of fever and 
pneumonia.

Data Extraction

Two investigators independently worked on title/abstract, full-text 
screening, and data extraction on a shared data extraction on a shared 
extraction form. Investigators reached initial agreement across all in-
formation extracted for most of the studies, but they discussed any 
disagreements until they reached a consensus. The screening process 
produced a total of 10 studies containing data on 128,841 subjects (as-
suming these sources didn’t repeat any individual’s data within and 
between these sources). The average number of people per source was 
12,884 for this research. The minimum total sample size of a source 
included in this study is 65; the maximum number of people in the 
source included in this study is 78,166. Of the 144 studies identified, 10 
studies were selected for analysis (Figure 1). We extracted data for vac-
cination status, symptoms of pneumonia and fever, and demographic 
characteristics. We categorized sex as male and female; age as ≥ 60 and 
< 60 years old; vaccination categories as no vaccination (zero vaccine 
doses) or any vaccination (one or more vaccine doses). Note that 9 
studies did not report sex or account for non-binary, gender-question-
ing, or transgender status of their participants (1 didn’t report sex and 
8 didn’t account of other genders than male and female) [7]. Studies 
did not report age or include subjects aligning with the age range of 
interest for our analysis, and 6 studies did not report vaccination status 
for their analysis population. In these cases, we considered these fields 
missing.

Since fever is a generalized symptom for a variety of illnesses, 
when possible, studies omitted fever due to pneumonia by using the 
scoring system proposed by the Japanese Respiratory System (JRS). 
Non-pneumonia fevers were therefore included in the studies if sub-
jects presented with a fever which was greater than or equal to 37.0 
degrees Celsius. This study did not consider symptom combinations 
pertaining to pneumonia and fever due to a lack of studies recording 
data on the number of COVID-19 patients with both. The COVID-19 
strains of interest for this study were those categorized as variants of 
concern as of 2023 - Omicron, Delta, and Alpha (see (Table 1) for vir-
ology phenotypes). Beta is excluded from our analysis due to lack of 
studies meeting the eligibility criteria. We categorized studies by the 
strain reported in the analysis population. If studies contained more 
than one COVID-19 strain, we binned those studies as a “multiple 
strains” category. The final, analysis set of studies summarized in this 
analysis are from South Africa, Canada, China, Japan, Bahrain, Spain, 
England, and Singapore.

https://doi.org/10.51626/ijide.2023.04.00047
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Figure 1: Flow diagram of the article screening process.

Table 1: Virology Phenotype of COVID-19 Strains (Omicron, Delta, Alpha).	

COVID-19 Strains Included in This Study
Omicron (B.1.1.529) Delta (B.1.617.2) Alpha (B.1.1.7)

Sublineage of the COVID-19 
Variant

BA.1 AY.25 B.1.1.7
BA.2 AY.27
BA.3 Delta1
BA.4 Delta2
BA.5 AY.4.2

B.1.1.529 AY.4
AY.6

B.1.617.2

Statistical Analysis

Using X2 test of association, we conducted a bivariate assessment 
for each factor- COVID-19 strain pair by study for each study in the 
sample. P-values of <0.05 were considered statistically significant. To 
estimate the strength and direction of the association between covar-
iates of interest and COVID-19 strains, we also report Odds Ratios 
(OR) and 95% confidence intervals. To calculate the OR, we subsetted 
the data on the characteristics of interest from the analysis popula-
tion. This study used the odds ratio (calculated by median-unbiased 
estimate) with a 95% confidence interval (calculated by mid-p exact 
confidence interval) to identify statistically significant odds between 
unvaccinated and vaccinated, male and female, and sixty plus and less 
than sixty groups using the Epitools package in R.

Results
A total of 128,841 patients diagnosed with COVID-19 were identi-

fied and included in the analysis sample (Table 2). Of these patients, 
46,240 (35.9%), 46,335 (36.0%), and 36,266 (28.1%) were diagnosed 
with Omicron, Delta, and Alpha COVID-19 strain, respectively. A 
higher proportion of the sample infected with Delta were vaccinated 
compared to those diagnosed with Alpha [18.9% vs 7.3%]. Similarly, 
people testing positive for Omicron had a higher proportion of vac-
cination than Delta patients [26.4% vs. 18.9%] and tended to be older 
than people diagnosed with Delta or Alpha.

The results of the X2 tests suggest that most bivariate associations 
between demographic factors and COVID-19 strains are significant 
(Table 3). Vaccination is associated with testing positive for each of 

https://doi.org/10.51626/ijide.2023.04.00047
https://skeenapublishers.com/journal/ijide/IJIDE-04-00047-table.pdf
https://skeenapublishers.com/journal/ijide/IJIDE-04-00047-table.pdf
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the COVID-19 strains of interest, irrespective of geographic setting. 
n most geographical regions, a significant statistical association has 
been observed between age, sex, vaccination status, and testing posi-
tive for various strains of COVID-19. However, it is important to note 
that this association does not hold true universally across all locations. 
The sampled studies from Canada and Singapore show no significant 
relationship between sex and testing positive for Delta and Omicron 
or Delta and Alpha when pooled in the multi-strain category. The 
COVID-19 strains, Delta and Alpha (when pooled in the multi-strain 

category), didn’t show a significant association with sex in Singapore 
(x2=1.42, p-value=0.5). The COVID-19 strains, Delta and Omicron 
(when pooled in the multi-strain category), did not show a significant 
association with sex in Canada (x2=1.41, p-value=0.495). To under-
stand the strength and direction of the bivariate associations between 
demographic factors and COVID-19 infection, we also calculated 
odds ratios with 95% confidence intervals. Results of the odds ratio 
test with the potential risk factors of COVID-19 infection as the de-
pendent variable are shown in (Figure 2).

Figure 2: Forest plot of odds ratios and 95% confidence interval based on the wave, factor, and source.

Note: * = Result is not significant (P-value > 0.05).

Though not statistically significant, we found males had higher odds 
than females of testing positive for Alpha during the Alpha-Delta wave 
in Singapore (OR=1.54 (0.750 - 3.19), p-value=0.241); the odds of a 
female having Delta are similar to the odds of a male having Delta in 
a Delta-Omicron wave in Canada, even though it is not statistically 
significant. (OR=0.98 (0.96-1.01), p-value=0.236). For sex, males have 
a higher odds than females of testing positive for Alpha during an Al-
pha-Delta wave in Bahrain and England. Additionally, the odds of an 
individual who is 60 years or older having Alpha are 2.97 times the 
odds of an individual who is less than 60 years in an Alpha-Delta wave 
(OR=2.97 (2.68-3.10), p-value=0). For vaccination, there are contra-
dicting results about if unvaccinated or vaccinated individuals have 
a higher odds of having Alpha in an Alpha-Delta wave. Furthermore, 
the largest odds ratio was observed for vaccination and having Alpha 
in a Delta-Omicron wave.

Discussion
COVID-19 strains have impacted regions across the world in vari-

ous ways. It is necessary to understand the odds of contracting past 
COVID-19 strains to understand new COVID-19 strains better. This 
scenario facilitates the improved diagnosis of COVID-19 patients by 
identifying the specific strain they are infected with. Sex, age, and vac-
cination are the three characteristics of a COVID-19 patient that are 
well recorded, making it critical and reliable to understand the odds 
of contracting of COVID-19 strains based on these factors. The latest 
studies on the association between getting infected by COVID-19 and 
certain demographics tend to focus on age, sex, and vaccination [19-
22]. We observed a statistically significant association between age 
and contracting COVID-19 regardless of the strain in all the regions 
observed in the present study. The current study’s findings align with 
previous research conducted in Europe, which has identified an as-

sociation between age and contracting COVID- 19 [4,23]. The asso-
ciation between age and contracting COVID-19 (for any of the three 
strains in the present study) could depend on physiologic changes in 
the immune system such as immunosenescence due to aging [24,25].

In the present study, a statistically significant association was iden-
tified between being vaccinated and getting infected with COVID-19, 
irrespective of the viral strain, in the regions studied. The findings of 
the present study are consistent with prior research, which has estab-
lished a relationship between vaccine coverage and transmission of in-
fection of COVID-19 variants across different regions globally [8,26]. 
The observed association between vaccination and COVID-19 infec-
tion is likely explained by the vaccine’s novel mechanism of action and 
overall immunology response, which is independent of geography 
[27-29]. Males tend to have a greater risk of COVID-19 infection than 
females [23,30]. Although in this study, sex didn’t always have a statis-
tically significant association with the contracted COVID- 19 strain, 
which aligns with the idea that males and females are at an equal risk 
of COVID-19 infection [31]. The present study’s findings wasn’t a sig-
nificant association of sex and testing positive for specific COVID-19 
strains in Singapore and Canada, but the rest of the places included 
in the study had a significant association with sex and contracted 
COVID-19 strain.

The present study’s result can be interpreted as the nations that have 
sex equality in health don’t have a significant association between sex 
and COVID-19 strains. Prior research has established that males tend 
to have be at higher risk of COVID-19 infection than females [23,30]. 
However, in the present study, the odds of contracting Delta among 
females are similar to the odds of males contracting Delta in a Del-
ta-Omicron wave; nevertheless, males have lower odds of contract-
ing Alpha than females in the Alpha-Delta wave. This is contradicting 

https://doi.org/10.51626/ijide.2023.04.00047
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with the theory that female COVID-19 patients have higher levels of 
estrogen than male COVID-19 patients which may decrease the odds 
of severe infection of COVID-19 since estrogen has a role in the regu-
lation of the immune response by interfering with B cell function, re-
sulting in a Th2 response, while testosterone suppresses the natural 
killer cells’ response [32,33]. The administration of COVID-19 vac-
cinations serves as a crucial mechanism in minimizing the transmis-
sion and prevalence of the virus [8,26,34]. In the Alpha-Delta wave, 
vaccinated people have greater odds of getting Alpha in Bahrain, but 
unvaccinated people have slightly greater odds of contracting Alpha in 
England. In the Delta-Omicron wave, unvaccinated individuals have 
a much higher odds of contracting Delta than the vaccinated individ-
uals in Canada. These contradicting results can be best explained by 
countries like England and Canada having a plan to increase vaccin-
ation administration or knowledge of vaccine administration unlike 
countries like Bahrain in early 2021 [35-37].

Also, the vaccines used in Bahrain may not be approved-unlike the 
vaccines commonly used in England or Canada-so the vaccination in 
Bahrain may have not been as effective as those in Canada or England. 
Aging has been known to decrease immunity since there are fewer im-
mune cells in the body starting from around age 60.4,14 In the present 
study, there is a higher odds of individuals 60 years and older con-
tracting Alpha than individuals who are less than 60 years old in an 
Alpha- Delta wave. This can be attributed to the effect of fewer B and T 
cells that move from primary to secondary lymphoid organs in older 
individuals than in younger individuals [24,33]. This study affirms that 
demographic factors such as sex and age and vaccination status have a 
significant association with COVID-19 strains depending on the loca-
tion of the individual.

There are important limitations of the present meta-analysis. First, 
this study isn’t a true meta-analysis; this study’s purpose is to under-
stand how COVID-19 is associated with factors such as sex, age, and 
vaccination. The next step would be to conduct a true meta-analysis 
once more studies are published on all COVID-19 strains. Second, 
bivariate associations don’t account for confounding and effect modi-
fication when making public health inferences. For example, women 
may be more vulnerable to risk of COVID-19 infection than male in 
Canada because of factors such as pregnancy, or underlying diseases 
which weren’t accounted for in this study. Future studies should model 
the associations in a multivariate context to account for this. Finally, 
some sources have small sample sizes, preventing the data from being 
properly generalized to a larger population. Despite studies being pub-
lished with data on the demographics and vaccination of COVID-19 
patients, there aren’t many studies analyzing the data from sources 
based on different regions throughout the world. The findings from 
the present study provide meta-analytic estimates on the odds of get-
ting infection by COVID-19 strain of interest based on demographic 
subgroups and vaccination. These results can inform the healthcare 
industry by identifying groups that are at risk of getting infected by 
certain COVID-19 strains and support the idea that the risk of infec-
tion by certain COVID-19 strains varies based on the location of the 
individual.
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