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Abstract: Since COVID-19 first appeared, a number of follow-up events have taken place. In an effort
to find a solution to this catastrophe, a great deal of study and analysis has been conducted. Because
of the high morbidity and exceptionally large losses, scientists are being pushed to conduct more
research and find vaccination and treatments. The virus has a wide range of effects, one of which is
how it affects sexual activity in both men and women. The impact of the cardiovascular system and
susceptibility to embolism, lung stress, and infection heightens the probability of hospitalization in
the intensive care unit for pregnant women who have contracted COVID-19. There is no evidence of
infection being passed from mother to child. In the current review, the role of COVID-19 infection
and vaccination on male and female sexual activity, hormones, and the menstrual cycle for females,
as well as on male sex hormones and sexual activity during infection and after vaccination, are
being investigated. There are no reports of the virus being isolated from the semen of an infected
patient or recently recovered patients. A recent investigation on the influence of the virus on gender
susceptibility to sexual organs and function has been uncovered throughout this study.

Keywords: coronavirus disease 2019 (COVID-19); severe acute respiratory syndrome; coronavirus
2 (SARS-CoV-2); sex hormones; pregnancy

1. Introduction

The novel coronavirus (n-CoV-2) was dubbed COVID-19 in December 2019, with an-
other name, SARS-CoV-2. The World Health Organization (WHO) categorizes it as a severe
pandemic disease and advises isolation and lockdown to avoid human-to-human trans-
mission [1]. The propagation of the virus and its epidemiology were unanticipated. The
sickness first struck China, followed by Italy and other nations in America and Europe [1].
Despite this, death rates vary widely throughout the country based on population health,
vulnerability, accuracy of diagnosis, and emergency response time [2]. COVID-19 is associ-
ated with fever, a dry cough, tiredness, and diarrhea. A total of 20% of infected individuals
need hospitalization, particularly elderly and chronically unwell patients. In addition,
glass-patterned pneumonia may develop, resulting in excruciating chest agony [3].

Mortality included 2.8% of female and 4.8% of male COVID-19 patients. Italy has a
male-to-female mortality ratio of 1.79, with men accounting for 65.0% of deaths. COVID-19
killed 1.5–2 men per female. The immunological response of males, females, pre- and
post-menopausal women, and children may differ. Children, males, and post-menopausal
women showed weaker immune responses than women before menopause. Many reasons
induce COVID-19 gender inequalities. These variances are influenced by genetics, lifestyle,
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comorbidities, hormones, the immune system, and age [4]. The present research investi-
gates how COVID-19 infection and immunization affect male and female sexual activity,
hormones, and the menstrual cycle in females, as well as male sex hormones and sexual
activity during and after vaccination.

2. Origen and Structure of SARS-CoV-2

A toddler with a cold was the first discovered with coronavirus in 1965. Under an
electron microscope, the spike glycoprotein on the virus’s surface resembled a crown,
thus the name corona. Researchers have identified two essential encapsulating proteins.
When a spike or S-protein attaches to cell receptors, cells fuse. M (matrix) is a second
glycoprotein that aids in the formation and expansion of the viral membrane [5]. The
virus is a single-strand RNA with a 3′-polyA tail and 5′-cap. It has a positive sense range
between 26 and 32 Kbp (with an average of 29.8 Kbps). All 29-5′-terminal proteins are
encoded by 7–14 open reading frames (ORFs). These ORFs include transcription regulatory
areas and leader RNA at the conclusion of transcription. The sub-genomic RNAs ORF1a
and ORF1b come together to form a replication–transcription complex. This complex
is necessary for building a structure composed of nonstructural proteins (nineteen non-
structure proteins) [3,6]. The 3′-terminus of the genome codes for the spike, envelope,
membrane, and nucleocapsid proteins [7]. The 150-kilodaltons S protein assists the virus
in attaching to the host cell membrane, which contains the viral fusion receptor. S protein
is the most prevalent immune ectodomain [8]. S1 attaches to the host cell’s receptors,
whereas S2 fuses with cellular membranes. These two components are responsible for the
infection of coronaviruses. The trimeric S1 lies atop the S2 stalk (Figure 1). S1 components
distinguish coronaviruses [9]. The N terminal domain (NTD) and C terminal domain
(CTD) are found in S1 (CTD). CTDs include RBMs (receptor-binding motifs) [10,11]. CoVs-
receptor-binding domain (RBD) and its receptor target the angiotensin-converting enzyme2
(ACE2) peptide component [12]. CoV genomes can alter RBD [13]. The viral envelope
is formed by structural protein M, having a molecular weight of 25–15,000 kilo Daltons.
During replication, M and S (NTD) form the endoplasmic reticulum–Golgi intermediate
compartment (E–GIC) complex. The substance diffuses into the endoplasmic reticulum (ER)
and gastrointestinal (GI) tracts [14,15]. The E protein, a tiny structural protein ranging in
size from 8 to 12 kilo Daltons, contributes to virion assembly, budding, and production [16].
N protein forms a compound with viral DNA to help M protein in viral assembly and
transcription [17]. There are three traditional portions. The NTD domain, the first domain,
is brief and concise. They are connected electrostatically to the 3′ terminal. The second
domain is an RNA-binding domain or serine and arginine-rich flexible linker region (LKR).
It influences cellular signaling and interferon production [18]. Incorporating spike proteins
into the viral envelope assists viral entrance into specific cells (Figure 1). The surface unit
S1 attaches to a cellular receptor, while the transmembrane unit S2 aids the fusion of the
viral membrane with the cellular membrane. For membrane fusion, host cell proteases
cleave the S protein at the S1/S2 and S2 locations. This cleavage induces membrane-fusing
S protein activity [19–21]. The constitutive secretory route of infected cells or viral entrance
into target cells may break the S protein, which is required for viral pathogenicity [19,22].
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Figure 1. Showing structure of coronavirus and virus attachment using S2 fusion with cell receptor
ACE2 and activation of S protein by TMBRSS2 through proteolytic cleavage. BioRender (https://app.
biorender.com/) program is utilized for diagram creation.

3. Vaccination

Scientists’ innovation has accelerated COVID-19 vaccine manufacturing. Six vaccine
candidates were helped by “Operation Warp Speed.” Among them are messenger RNA
(mRNA) (PfizerBNT162b2 BioNTech, Pfizer, Inc., Philadelphia, PA, USA), mRNA-1273
(Moderna vaccines, Moderna TX, Inc., Cambridge, MA, USA), viral vector, and recom-
bined (Figure 2). Moderna received the Food and Drug Administration Emergency Use
Authorization (FDA EUA) first. EUA allows the FDA to use unapproved drugs in public
health emergencies to prevent, diagnose, or treat life-threatening disorders Upon the re-
alization that a significant number of individuals would be administered the COVID-19
vaccine, the FDA implemented stricter protocols for its review process [23]. Only Moderna,
Pfizer-BioNTech, J&J/Janssen, and Novavax have US approval. The CDC recommends the
J&J/Janssen COVID-19 immunization only in limited instances due to its adverse effects.
The UK has approved Pfizer/BioNTech, Moderna, Oxford/AstraZeneca, Janssen, Nuvax-
ovid, and Valneva vaccines. Janssen, Moderna, Pfizer/BioNTech, AstraZeneca (SK Bio and
Serum Institute of India—Covishield), Sinopharm (China National Pharmaceutical Group,
Beijing, China), and Sinovac-CoronaVac (Sinovac Biotech Ltd., Beijing, China) production
was approved by WHO as emergency COVID-19 vaccines. These immunizations reduced
COVID-19 illness, transmission, and death. The first dose protects for three to four weeks
following vaccination. Subsequent doses give better, longer-lasting protection. Most people
require a booster dosage for vaccination [24]. European Medicines Agency (EMA) has
recommended the use of Astra-Zeneca, Novax, Moderna, Janssen, BioNTech and Pfizer [25].
The AstraZeneca vaccine has been approved and administered in European countries, such
as Spain. Conversely, certain nations administered the vaccine solely to select demograph-
ics, such as healthcare professionals and educators, who were predominantly female. The
company exhibited initial reluctance in issuing it to individuals aged 65 and above due
to the limited representation of this demographic in its preliminary clinical trial data [26].
The preliminary investigations indicated a safe vaccine with inevitable minor unfavorable
consequences, such as discomfort at the injection site, inflammation, muscle pain, joint pain,
and headache. The Medicines and Healthcare Regulatory Agency (MHRA) documented
thirteen allergic reactions and six cases of Bell’s palsy, a form of facial paralysis, among
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patients. It is important to note that there is no conclusive evidence linking these adverse
effects to the vaccine, and all affected individuals made a full recovery. The majority of
the 143 individuals who were reported to have passed away shortly after receiving the
vaccination were elderly patients who had pre-existing health conditions. As a result, these
fatalities did not indicate a direct causal relationship between the vaccine and the deaths.
Nevertheless, the ongoing assessment of the adverse effects of the vaccines is underway.
There have been concerns raised regarding potential adverse reactions associated with the
AstraZeneca vaccine, including thromboembolic events and rare instances of blood clotting
accompanied by thrombocytopenia and bleeding. This may manifest as cerebral venous
sinus thrombosis (CVST) or pulmonary embolism [27]. The aforementioned adverse effects
led to the decision of the European Medicines Agency (EMA) to withdraw the vaccine
from circulation on 15 March 2021. However, it was reinstated after three days, with
the EMA asserting that the advantages of the vaccine supersede its potential drawbacks.
Furthermore, the European Medicines Agency emphasized the absence of substantiated
data regarding issues on particular vaccine lots. In addition, the agency reported that out
of 20 million individuals who were administered the vaccine in Europe, a mere seven cases
of disseminated intravascular coagulation (DIC) and eighteen cases of cerebral venous
sinus thrombosis (CVST) were observed, resulting in nine fatalities [27,28]. Most of these
occurrences were observed in female individuals below the age of 55. Consequently, As-
traZeneca has been prohibited from administering to individuals below 60 in Germany and
several other European nations. The existence of a causal relationship between the vaccine
and these issues has not been substantiated; nonetheless, it has been determined that the
occurrence warrants additional investigation [29].
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Figure 2. COVID-19 immunization strategies: The mechanism of action of inactivated vaccines
(Sinopharm and Sinovac), viral vector vaccines (Oxford and AstraZeneca’s Johnson & Johnson
Janssen’s Ad26.COV2.S), mRNA vaccines (Pfizer-BioNTech and Moderna), and recombinant DNA
vaccines (Novartis and GSK-Sanofi) is depicted. During vaccination, dendritic cells and macrophages
eat the virus or proteins interpreted by the viral genome. SARS-CoV-2 polypeptide produced on
APCs stimulates T helper (Th) cells, which in turn activate B cells and cytotoxic T cells (Tc). By
targeting the S protein, B cells generate antibodies that destroy viruses and other viral proteins. By
cytolysis, Tc cells eliminate infected host cells. Memory B and T cells strengthen the immune system.
BioRender generates diagrams (https://app.biorender.com/).

3.1. mRNA Vaccines

Moderna and Pfizer-BioNTech created lipid nanoparticle mRNA vaccines. These
mRNA vaccines encode SARS-CoV-2 spike protein. This protein is linked to the virus ACE2
to start the infection. Lipid nanoparticles help cells enter injection sites. Host cells transcribe

https://app.biorender.com/
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mRNA to make spike protein. B and T cell surface spike protein exposure produces an
immunological response [30,31]. Both FDA-approved mRNA vaccines protect against
severe COVID-19 and have a robust immune response. Pfizer-BioNTech and Moderna
vaccines prevented COVID-19 in 16- and 18-year-olds in phase III studies [32]. The site
of injection responses (84.1% for Pfizer/BioNTech and 91.6% for Moderna), weariness
(62.9% and 68.5%, respectively), headache (55.1% for both vaccinations), chills (31.9%),
fever (14%), joint pain (23.6%), and muscle soreness (38.3%) are among the most common
side effects. In addition, mRNA immunization may cause rare myocarditis, allergies, and
Bell’s palsy [33–35]. If COVID-19 immunization recipients suffer severe allergic responses,
the CDC recommends monitoring them for 15 or 30 min. Pfizer-BioNTech’s vaccine is
permitted for 12–18-year-olds, although Moderna’s is 18. Both vaccinations must be given
twice, 21 (Pfizer-BioNTech, Brooklyn, NY, USA) to 28 (Modena, Cambridge, MA, USA)
days apart [36].

3.2. Viral Vector Vaccines

Oxford and AstraZeneca’s Johnson & Johnson Janssen’s Ad26.CoV2 deliver spike
protein RNA to host cells through viral vectors. The harmless, nonreplicating viral vector
has been altered. The SARS-spike CoV-2 protein in the vaccination induces an immuno-
logical response like mRNA-based immunizations. Janssen’s single-dose vaccination is
authorized, unlike Oxford/AstraZeneca’s. The sole US-approved 18-year-old vaccination is
Janssen [37]. The Janssen vaccination may cause pain at the injection site (48.6%), headache
(38.9%), weariness (38.2%), and muscle pain (33.2%), although they usually go away within
two days. These symptoms are decreased with mRNA-based vaccinations. In addition,
Janssen immunization may cause spontaneous radiculitis and Guillain–Barré syndrome.
Janssen COVID-19 vaccinations have caused rare cases of life-threatening thrombosis with
thrombocytopenia syndrome (TTS) [38]. After 7.98 million vaccine doses, 15 females had
severe cases of thrombosis. Pregnancy, hormone replacement treatment, and contraceptives
increase thrombosis risk [39]. Thus, women under 50 should be advised that the Janssen
vaccination increases thrombosis risk [40].

3.3. Recombinant Antigen Proteins

Novavax and GSK-Sanofi employ adjuvant-connected protein subunits to boost im-
mune response. Sanofi has developed VidPrevtyn Beta, a monovalent, recombinant-protein
COVID-19 vaccine. This vaccine is designed based on the Beta variant spike antigen and
incorporates GSK’s pandemic adjuvant. In 2020, The European Commission approved
this vaccine as the first next-generation, protein-based adjuvanted COVID-19 vaccine with
its booster dose and approved it to be used for the age of 18 and older [41]. These spike
protein-containing vaccines induce an immune response. However, clinical trials prevent
the widespread use of these vaccines. Regarding COVID-19, NOVAX reduced mild and
moderate illnesses by 96.4% and severe disorders by 100% [42].

3.4. Inactivated COVID-19 Virus

WIV04, HB02, and CoronaVac (Sinopharm, Beijing, China) boost immune systems
using inactivated COVID-19 virus. Sinovac and Sinopharm employ aluminum hydroxide
as adjuvant without live viruses that cannot cause disease. Sinopharm and Sinovac showed
83.5% (based on 40,000 participants) and 73% (based on 10,000 participants; protecting
people from COVID-19 without prior infection) efficacy in phase III clinical studies. Both
immunizations must be repeated as a booster dose. Injection site reactions, chills, headache,
muscular soreness, weariness, joint pain, and fever were expected. Muscle and joint pain
were prevalent. China, Brazil, UAE, Chile, Mexico, Indonesia, Hungary, and Turkey sell
these two vaccines. However, The US has not approved these immunizations [43]. The side
effects following the initial vaccine dose of Sinopharm included normal injection site pain,
fatigue, and headache, with a higher prevalence observed among participants aged 49 years
or younger compared to those over 49 years of age. In both age groups, the most commonly
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reported side effects following the second vaccine dose were pain at the vaccination site,
fatigue, lethargy, headache, and tenderness. The side effects for both doses were higher
among participants aged 49 years or younger. In addition, side effects were higher in
females than males for both dosages [44].

4. The Interaction of COVID-19′s Infection Endocrine Factors Related to Male Gender
and Prostate Cancer

How vaccines impact women and men is based on genetics, hormones, and the dose
given. COVID-19 responses varied by gender. Males account for 59–68% of cases and
have higher mortality rates. Due to a diminished immune system, those over 75 are more
prone to the disease and its repercussions [45]. The SARS coronavirus 2 has distinct ef-
fects on men and women (SARS-CoV-2). Males had a more significant hospitalization
and mortality rate than women, while women had a higher COVID-19 risk over the long
term. The primary risk factors for severe disease are gender, age, and cardio-metabolic
comorbidities. Males are twice as likely as women to get a SARS-CoV-2 infection that is
severe or deadly [46]. Prepubescent children of both sexes are more resistant to COVID-19
than adults [47]. This shows that gender-linked variables, such as sex hormones, may
contribute to the development of COVID-19 [48]. Type 2 SARS coronavirus is an enveloped
virus with a single RNA strand penetrating host cells through ACE2. TMPRSS2, a host
type 2 transmembrane serine protease, facilitates viral entry by priming the viral S gly-
coprotein. SARS-CoV-2 may not bind to target cells if its expression is suppressed, but
tissue (co-) expression of ACE2 and TMPRSS2 near viral entry sites may increase infection.
Sexual steroids influence both sexes genetically. ACE2 is a member of a group of genes
that may be resistant to X-chromosome inactivation and are expressed greater in male
tissues [49]. Lung expression is primarily masculine. Male-predominant ACE2 expression
corresponds to males having more significant ACE2 activity than women, partly because
of sex steroids. Plasma from males has higher ACE2 than plasma from women, which
may imply tissue expression [50]. Sexual steroids modify ACE2 tissue specifically. For
example, Estradiol downregulates kidney ACE2, while ovariectomy, which depletes es-
trogen, increases ACE2 activity and expression in kidney and adipose tissue in mice [51].
In differentiated airway epithelial cells, estrogen might inhibit ACE2, the primary SARS-
CoV-2 entrance site [52]. Conversely, testosterone enhances ACE2 expression in human
airway smooth muscle (ASM) cells, which is much lower in women than in men [53]. Men
showed lower ACE2 levels in old age than women, consistent with the age-dependent
decline in circulating steroid hormones [54]. The findings indicate that the two primary
sex steroid hormones oppose ACE2 regulation, supporting the idea. Estrogen reduces the
primary SARS-CoV-2 receptor in several organs, while testosterone enhances it. Androgen
stimulates the expression of TMPRSS2 in human lung epithelial cells, while its absence
inhibits this expression [55]. External testosterone elevated TMPRSS2 expression in type 2
pneumocytes from humans [56]. Thus, men have greater testosterone levels, promoting
viral replication and COVID-19 severity [57]. In 118 individuals with primary prostate
cancer, androgen deprivation decreased the risk of SARS-CoV-2. The confidence interval
for the odds ratio for SARS-CoV-2 infection was 1.55 to 10.05, with a confidence level
of 95% [58]. The data suggest that androgen control of TMPRSS2 expression increases
COVID-19 risk, but larger cohorts are needed to confirm them. Recently, Samuel et al.
highlighted 1443 FDA-approved drugs and an in silico screen of more than nine million
drug-like compounds to find medicines that reduce ACE2 protein levels in lung organoids
and cardiac cells. The best drugs reduced androgen receptor signaling, according to re-
searchers. Inhibitors of 5-alpha reductase inhibited ACE2 and TMPRSS2 in cardiac cells and
lung epithelial, lowering the infectiousness of SARS-CoV-2 in lung organoids. Androgen
receptor signaling is inhibited by 5-alpha reductases. ACE2 and TMPRSS2 co-expression in
SARS-CoV-2 target tissues may elucidate men’s higher COVID-19 rates. However, further
research is required to determine if sex hormones in the lung or other SARS-CoV-2 target
tissues control the severity or susceptibility of COVID-19 [58]. It is noteworthy that ACE2 is
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also expressed in the pancreas, and a recent study has demonstrated an elevated incidence
of pancreatic damage after SARS-CoV-2 infections. In this regard, it has been observed that
male individuals exhibit a higher susceptibility to the onset of diabetes or pancreatic cancer
than their female counterparts [59].

COVID-19 has been observed to potentially cause a temporary reduction in male
fertility by causing damage to testicular tissue and/or hindering the process of spermato-
genesis. Additionally, compared to healthy men of a similar age, a reduction in the ratio of
testosterone/LH and FSH/LH has been observed in individuals with COVID-19 [60].

Recent data suggest a potential correlation between prostate cancer (PCa) and COVID-
19, wherein androgen-deprivation therapies (ADT) utilized in PCa treatment exhibit a
protective effect against COVID-19. Exploring the potential mechanisms contributing to
the interplay between COVID-19 and PCa suggests an apparent correlation between the
targets of SARS-CoV-2 on host epithelial cells and the genetic anomalies and molecular
markers of PCa, such as AR and TMPRSS2. The inquiry is whether prostate cancer (PCa)
treatments could potentially serve as therapeutic options for patients with COVID-19 [61].

4.1. The Interaction of COVID-19′s Infection, Female Gender and Breast Cancer

While initial reports from China indicated a higher prevalence of male COVID-19
patients, recent research indicates that females may be more susceptible to the virus. Accord-
ing to data collected by the Korean Society of Infectious Diseases, out of 4212 COVID-19 patients,
37.7% were male, and 62.3% were female. These findings differ from the data reported in
China, where approximately 51% of COVID-19 patients were identified as male. A study
conducted in Qingdao City, China, analyzed 44 COVID-19 patients and found that 66%
were female. In addition, a study conducted in the Zhejiang Province of China analyzed
the gender distribution of COVID-19 patients across different age groups, including young
and elderly patients [62].

On the other hand, it was observed that COVID-19 patients aged over 60 years were
mostly female, with a male-to-female ratio of 43% to 57%. The observed variations in
gender distribution may be attributed to the higher prevalence of medical comorbidities
reported among elderly patients. Specifically, the older age group had a significantly higher
proportion of comorbidities than the younger age group (55.15% vs. 21.93%). Finally, a
multicenter study conducted in Europe analyzed 417 COVID-19 patients and revealed that
a more significant percentage of female patients (63%) were affected by COVID-19 than
male patients (37%). The study found that females diagnosed with COVID-19 exhibited
a higher likelihood of experiencing olfactory and gustatory dysfunctions than their male
counterparts. The biological process responsible for the sensory dysfunction observed in
female patients with COVID-19 remains unclear [63].

According to a study conducted by Kyrou I et al., women diagnosed with polycystic
ovary syndrome (PCOS) and multiple cardio-metabolic diseases are at a higher risk of
developing Type 2 Diabetes Mellitus, Hypertension, Dyslipidemias, Obstructive Sleep Ap-
nea, and Non-alcoholic Fatty Liver Disease. Additionally, a correlation has been observed
between severe cases of COVID-19 and specific factors, including hyper-inflammation,
low levels of vitamin D, and hyperandrogenism, all of which are directly linked to poly-
cystic ovary syndrome (PCOS). Hence, there is an intersection between specific shared
characteristics of PCOS and recognized risk factors for severe COVID-19. This suggests
that individuals with polycystic ovary syndrome (PCOS) may be at an elevated risk for
experiencing a severe infection from the SARS-CoV-2 virus [64,65].

Based on the available data, the most recent discourse revolves around the hypothesis
that elevated estrogen levels may protect against COVID-19 in breast cancer patients.
This has raised several inquiries, including whether endocrine therapy may disrupt the
astrobleme and heighten patients’ vulnerability to COVID-19 infection [66]. According to
recent studies, estrogen may exhibit a protective effect against COVID-19. An increase in
estrogen levels leads to upregulation of Estrogen receptor alfa (ER-α) in T lymphocytes.
In addition, estrogen has been observed to enhance the secretion of interferon I and III
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by T lymphocytes. Elevating interferon I and III levels has been observed to mitigate
COVID-19 infection [67].

During the COVID-19 infection, the virus inhibits ACE2 and halts the production of
angiotensin 1–7. The production of Angiotensin III may elevate with a decrease in the
destruction of Angiotensin II. Therefore, there may be an upregulation of aminopepti-
dase. Elevated levels of aminopeptidase have been observed to potentially contribute to
chemotherapy resistance in breast cancer patients undergoing chemotherapy treatment. The
administration of Tamoxifen has been observed to result in the downregulation, mutation,
or loss of estrogen receptors. With prolonged usage of Tamoxifen, the drug can permanently
affect estrogen receptors. Therefore, in cases where estrogen receptors are impaired or
suppressed, the binding of estrogen to these receptors may not occur. Tamoxifen functions
as a P-glycoprotein inhibitor, regardless of its impact on estrogen receptors. It inhibits T
cell functionality and interferon secretion. Therefore, it is hypothesized that Tamoxifen
may elevate the risk of COVID-19 infection due to its antiestrogenic and P-glycoprotein
inhibitory properties [67].

4.2. Interaction between COVID-19 Infection and Teenagers and Young Adults

In the CDC Report 2020, there was an observed increase in the reported weekly inci-
dence of COVID-19 and the percentage of positive test results among children, adolescents,
and young adults. This increase was particularly notable during the early summer months,
followed by a subsequent decline and a steep rise from October through December. The
patterns observed in the incidence rates and proportion of positive test results among
preschool-aged children (0–4 years) and school-aged children and adolescents (5–17 years)
were similar to those seen in adults during the summer and fall seasons, even during
the period when some schools had resumed or were conducting in-person classes. Fur-
thermore, the reported disease incidence exhibited an upward trend with increasing age
among children, adolescents, and young adults. Specifically, the incidence and proportion
of positive test results were consistently lower among children aged 0–10 years compared
to the older age cohorts. The available case data do not suggest a correlation between the
rise in incidence or positivity rate among adults and a prior increase in preschool-aged
children, school-aged children, and adolescents. On the contrary, the incidence rate among
young adults (18–24 years old) was comparatively higher than other age groups during
the summer and fall seasons. The peak incidence was observed in mid-July and early
September, which preceded the increase in other age groups. This observation suggests that
young adults may have a greater role in community transmission than younger children.
The results obtained from the national case and laboratory surveillance data support the
existing evidence regarding the risk of transmission in school environments. As of Decem-
ber 7, most K-12 school districts in the United States, specifically 62.0%, provided either
complete or partial in-person learning, including hybrid models with virtual components.
Despite the prevalence of in-person learning, reports of outbreaks within K-12 schools
have been limited, according to the Centers for Disease Control and Prevention (CDC).
As of the week beginning December 6, the aggregate COVID-19 incidence among the
general population in counties where K-12 schools offer in-person education was similar
to that in counties offering only virtual/online education. Multiple school districts in the
United States that conduct regular surveillance of in-school COVID-19 cases have reported
a lower incidence rate among students compared to the surrounding communities. A
recent study has also indicated no significant increase in COVID-19 hospitalization rates
associated with in-person education. In contrast to the findings related to K-12 schools
reopening, prior research indicates a rise in community incidence in counties where higher
education institutions resumed in-person instruction. Furthermore, the case surveillance
data presented revealed distinctive patterns. The effective prevention of the introduction
and transmission of SARS-CoV-2 in schools is contingent upon implementing mitigation
strategies within schools and managing transmission within communities. In settings
where community incidence is low and effective mitigation strategies are implemented,
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studies have shown promising results in controlling secondary transmission within child-
care centers and schools. These findings are based on preliminary evidence from in-school
transmission studies [29]. Educational institutions offer a well-organized setting that can
facilitate compliance with essential mitigation protocols aimed at preventing and reducing
the transmission of COVID-19. In situations where community transmission rates are
elevated, it is reasonable to anticipate the occurrence of COVID-19 cases within schools.
As with any communal environment, schools have the potential to facilitate the spread
of the virus [68], particularly in instances where preventative measures, such as consis-
tent and appropriate mask usage, are not established or adhered to. A minimum of four
limitations constrain this report’s findings. The incidence of COVID-19 among children
and adolescents has probably been underestimated due to lower testing volume in these
age groups compared to adults. Additionally, positive test results were generally higher
among children and adolescents, particularly those aged 11–17 years, than among adults.
Testing was often prioritized for individuals with symptoms, while asymptomatic infection
was frequently observed in children and adolescents. It should be noted that the data
on race/ethnicity, symptom status, underlying conditions, and outcomes are incomplete,
and the level of completeness varies by jurisdiction. As a result, any findings related to
these variables may be susceptible to reporting biases and should be approached with
caution. The analysis presented herein examines case surveillance data for children, ado-
lescents, and young adults. Studies indicate that the risk of COVID-19 introduction and
transmission among children may be lower in childcare centers and elementary schools
compared to high schools and institutions of higher education. Additionally, there appears
to be a lower incidence of COVID-19 among younger children. This may be attributed
to the stress of maturity and irregular sex hormones release. Additionally, data has been
released that even among teenagers, young males’ risk is higher than females, and for
incidence, it is higher in females [69]. Studies have shown that the risk of COVID-19-related
mortality is roughly 1.5 times higher in males. Estimated COVID-19 mortality rates for
youth appear to be 6–10 times lower in the Netherlands vs. the US. In countries with low
numbers of COVID-19 fatalities in children and young adults, vaccinating youth makes a
less convincing case [70].

5. Effect of Testosterone on Suppressing the Immune Respond

Testosterone has a pleiotropic impact, inhibiting the immune system and reducing
inflammation [71,72]. T cells make up 80–90% of blood lymphocytes. T lymphocytes may
be alienated into T-helper, T-suppressor, and T-cytotoxic cells [73]. To understand how
gender affects the immune response, researchers tracked blood cell counts throughout
the reproductive process. The overall number of T cell receptor-expressing lymphocytes
and subsets are similar in men and females. Still, males have fewer T lymphocytes [74].
Males have fewer T cells while having the same number of lymphocytes. Men have higher
testosterone levels, which promote T lymphocyte apoptosis [75]. Lymphocyte subtypes
and numbers do not alter over the menstrual cycle in women. Estrogen and progesterone
do not impact lymphocyte numbers [75]. Male studies contradict this. Several studies [76]
have shown that testosterone lowers immunity in males. Since testosterone inhibits type 2
and type 17 T-helper cells, antibody responses and B cell proliferation are diminished,
lowering adaptive immunity [77]. These parameters were connected to a delayed anti-
body response in extremely ill COVID-19 patients and lower IgG production in men than
women, which may be linked to a worse prognosis [78]. In dendritic cells, which deliver
antigens to humoral immune cells, testosterone lowers interleukin cytokines (IL-10, IL-13,
and IL-4) in vitro. It also decreases antigen-presenting cell MHC-II receptor expression [79].
In contrast, testosterone increased anti-inflammatory cytokines in vivo tests, contradict-
ing that testosterone suppresses inflammation [77]. In humans and animals, testosterone
upregulates IL-10 and downregulates IL-6, IL-1, and TNF-alpha (TNF-). Mohamad et al.
reported these results [80]. Testosterone suppresses type 17 T-helper cells and promotes
regulatory T-cells, reducing inflammatory immune response [81]. Age and illness are the
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leading causes of testosterone reduction in men. Many studies show that testosterone levels
in males begin to fall between 0.4 and 2% every year after 30 [82]. Hypogonadism—low
testosterone—can occur in older adults. Obesity, diabetes, and cardiovascular diseases are
major concerns during this period [83]. Several studies have connected these comorbidities
to lower testosterone levels [84]. Low testosterone production in older men with comor-
bidities increases systemic inflammation [80]. So, older adults and their comorbidities
may have lesser anti-inflammatory cytokines than healthy young men. IL-6, TNF-, and
IL-1 are also greater in older men with reduced testosterone [85]. In Hamburg, Germany,
most COVID-19-infected men exhibited lower testosterone levels [86]. According to case
studies, the dead population during COVID-19 was mostly males and under 65 years
old [87]. These factors suggest that males may produce more pro-inflammatory cytokines,
rendering them more vulnerable to COVID-19. The androgen-dependent expression of
TMPRSS2 was also discovered recently. SARS-CoV-2 infection requires TMPRSS2 spike
protein priming. Human TMPRSS2 gene promoters have a 15-base-pair androgen response
element (ARE). TMPRSS2 may need androgen receptor interaction with these response
elements. TMPRSS2 has no other human promoter [88]. In lung epithelial cell lines and
prostate cancer, testosterone increased TMPRSS2 expression [56]. Men are more sensitive
to COVID-19 because testosterone expression increases TMPRSS2 expression [89]. TM-
PRSS2 helps proteolytically activate other influenza, coronaviruses, and SARS-CoV-2 [90].
Males with higher TMPRSS2 expression are more likely to contract SARS-CoV [91] and
MERS-CoV [92]. Therefore, testosterone-mediated TMPRSS2 modulation may explain male
predominance in these infections [90]. Nevertheless, COVID-19 patients have not been
studied with anti-androgen therapy. The COVID-19 therapy hydroxychloroquine and its
analog chloroquine phosphate diminish testosterone release in albino rats [93]. Further
study is needed to discover whether testosterone levels affect anti-viral treatment efficacy.

6. Effect of Estrogen on Strengthening the Immune Respond

Estrogen improves women’s immunity [94]. Interfering with auto-reactive B cell
adverse selection generates T helper cell responses for adaptive immunity [95]. Estrogen
receptors (ERs) are present in the gut epithelial cells, lymphoid tissue cells, brain, and
immune cells such as macrophages, monocytes, and lymphocytes [96]. There are estrogen
receptors in reproductive organs and elsewhere. The most significant estrogen receptor (ER)
is Estrogen receptor-alpha (ER-), which is expressed on all immune cells and governs their
maturation [97]. ER signaling in innate immune cells causes sex-specific immunological
responses [98]. According to several studies [98], Estradiol stimulates type 1 interferon pro-
duction following attachment to ER. ER- may directly control type 1 interferon production
or enhance the expression of genes implicated in pathways for detecting innate stimuli [99].
Estradiol increases type I interferon-inducible innate pathways and gene expression in
mouse splenocytes. Before and after interferon stimulation, researchers discovered that
interferon regulatory genes were strongly expressed in females [100]. As seen here, ER
and interferon-1 modulate innate immunity. Despite the gender discrepancy, females
overexpress ER [101]. Estrogen enhances T cell chemokine receptor 5 (CCR5) expression
by boosting blood lymphocyte adherence to particular endothelial cells [89,90]. Estrogen
enhances the production of IL-4 and the development of type 2 T-helper cells [102]. Estro-
gen stimulates the differentiation of T-helper type 1 cells in mice while reducing T-helper
type 17 cells and IL-17 cytokine levels [103]. These findings imply that estrogen stimulates
the growth of B cells and antibody production in women, enhancing their immunity. In
addition, several human and rodent studies have demonstrated that estrogen in physiolog-
ically higher concentrations inhibits the synthesis of several pro-inflammatory cytokines
involving IL-6, IFN-α, and IL-1, and chemokine (C-C motif) ligand 2 (CCL2) from mono-
cytes and macrophages, thus preventing neutrophils and monocytes from migrating to
inflamed areas. Very ill COVID-19 patients showed more significant levels of IL-6 than
slightly ill individuals [104]. A postmortem inspection of the lungs of a COVID-19 patient
indicated an increase in pro-inflammatory cells, namely macrophages and T-helper cells.
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The SARS Co-V research on mice also revealed a substantial function for sex hormones
in the pathogenesis of coronaviruses. Male mice of the same age as infected female mice
exhibited higher inflammatory monocyte-macrophages in their lungs. This was plausible
since infected female animals produce fewer sex hormones than male mice. The death rate
for gonadectomized female mice was 85 percent, compared to 20 percent for female control
mice [105]. According to these studies, increased estrogen signaling in females may avoid
cytokine storms by reducing pro-inflammatory chemical production and lowering lung
monocyte and neutrophil migration. Hence, a well-balanced immune response in women
may afford superior protection against SARS-CoV-2 than in males.

7. Correlation between COVID-19 and Genes Responsible for Immune Responses on
the X Chromosome

A double X chromosome is an additional important component contributing to the
hyper-responsiveness of female immunity. In terms of genetics, X chromosomes include
several genes that are important for immunity, such as Fork-head box P3 (FOXP3), CD40
ligand (CD40L), Toll-like receptor 8 (TLR 8), and Toll-like receptor 7 (TLR 7) [106]. It
is possible to hypothesize, in the context of gender inequality, that any mutations that
affect the genes that are accountable for immunity and associated pathways may alter
the immunological responses and signaling pathways in both females and males. Nev-
ertheless, again, this is something that has been hypothesized before. A twofold dose of
the proteins connected with the X chromosomes is possible in females. An advantage
against deleterious X-linked mutations and confers extra diversity in various biological
and immune responses is provided by the random silencing of one X-chromosome during
X-chromosome inactivation, a recurring event in female embryogenesis [107]. This process
occurs during X-chromosome inactivation, a recurring event in female embryogenesis.

On the other hand, it is not hard to see that, on rare occasions, a few genes on X
chromosomes may circumvent the silencing process [108]. For example, an escape in the
genes connected to immunity or the immune system causes females to have more immune
genes than men because of biallelic expression. This phenomenon has two distinct effects on
the physiology of females. First, biallelic expression of X-linked genes in immune cells may
cause adverse inflammatory or autoimmune responses or help increase immunity [109].
One such protein is called TLR-7, and it is responsible for the identification of pathogens
and the activation of innate immunity. It is primarily expressed in monocytes, plasmacytoid
dendritic cells (PDC), and B-cells [110]. The X chromosome is responsible for encoding
this gene. If TLR-7 can bypass the silencing imposed by the X chromosome, the biallelic
expression of TLR-7 causes it to be overexpressed in females relative to men [111,112]. This
might be another reason why females have higher immunity than men and could, as a
result, give a protective edge against COVID-19 infection or mortality. Nevertheless, these
hypotheses need more investigation and testing before reaching a definitive conclusion.

8. Menstrual Cycle Changes Caused by the COVID-19 Infection and Vaccination

During the pandemic, various anecdotal information about the possible effects of
COVID-19 on the menstrual cycle has appeared. The following are some of the modifica-
tions that have been reported: (1) times with lower levels of activity; (2) times of heightened
ferocity and activity; (3) irregular periods; and (4) periods were skipped. Changes in men-
struation volume were found in 45 of the 177 people investigated for this study (25 percent).
Thirty-six out of the mentioned forty-five persons had a noticeably lighter period, whereas
nine had a noticeably heavier period [113]. Patients diagnosed with COVID-19 had an
increased risk of having menstrual cycles that lasted longer than 37 days on average [114].
According to this study, long cycles were seen in 34% of patients with severe disease and
19% with moderate illness. When the researchers compared the length of a person’s men-
strual cycle during COVID-19 to the length of their usual cycle, they found that 28 percent
of the total number of participants, or 50 out of 177, exhibited alterations in their menstrual
cycle. During their sickness, the majority of them had cycles that were longer than usual,
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while some had periods that were shorter than typical. The levels of sex hormones such
as estrogen, progesterone, and follicle-stimulating hormone were tested in 91 individuals
with COVID-19 and 91 without COVID-19. There is no discernible difference between the
two groups.

Finally, the researchers concluded that one to two months after having COVID-19,
84 percent of women had returned to their average menstrual volume, and 99 percent had
recovered to their standard cycle length [115].

People may have the following adverse reactions after receiving the COVID-19 vac-
cination: tiredness; aches and pains; soreness; redness or swelling at the injection site;
headache; fevers or chills; and nausea. After receiving the second dosage of the vaccines
made by Pfizer-BioNTech and Moderna, adverse effects are often more severe. This is
entirely natural and a sign that their bodies are working on building up their immunity.
COVID-19 immunizations have sometimes been known to cause side effects, including
a severe allergic reaction. This often occurs shortly after the vaccination, so they should
be monitored for a few days following the event. The Johnson & Johnson immunization
has a negligible possibility of producing life-threatening blood clots in its recipients. This
can happen weeks after receiving the vaccination, and according to this study, it is more
prevalent in women under 50. The Centers for Disease Control and Prevention (CDC) and
the Food and Drug Administration (FDA) report that the likelihood of encountering this
adverse effect is very low [116]. However, almost immediately after the administration of
the COVID-19 immunization, concerns were voiced about the possible connection between
the vaccine and alterations in the menstrual cycle. In addition to this, the proliferation
of tales on social media caused a good number of women to question whether or not the
changes in their menstrual cycle may be connected to the vaccination, and even those
suspicions caused some of them to avoid getting the vaccine [117].

In another trial, 3959 people participated in this study (unvaccinated 1556; vaccinated 2403).
The Pfizer-BioNTech vaccine was taken by the majority of the cohort (55%), followed by
the Modera vaccine (35%), and then the Johnson & Johnson/Janssen vaccine (7%). Overall,
the COVID-19 vaccine was accompanied by a change in cycle length of less than one
day for both vaccine-dose cycles compared with pre-vaccine cycles (first dose 0.71 day-
increase, 98.75% CI 0.47–0.94; second dose 0.91, 98.75% CI 0.63–1.19). On the other hand,
unvaccinated individuals did not see a significant change when compared with the first
three baseline cycles (cycle four 0.07, 98.75% CI—the difference in change in cycle length
between the unvaccinated and vaccinated cohorts was less than one day in adjusted models
for both doses (difference in change: first dose 0.64 days, 98.75% CI 0.27–1.01; second
dose 0.79 days, 98.75% CI 0.40–1.18)). In addition, the change in cycle length between
the unvaccinated and vaccinated cohorts was less than one day. There was no correlation
between vaccination and a change in the menstrual cycle duration [117].

In Saudi Arabia, 4170 people were asked for their feedback. Of these, 2601 individuals
received one dosage of BNT162b2, of which 456 individuals finished the second dose, and
1569 individuals received a single dose of ChAdOx1. Those who willingly replied to a
survey on post-vaccination adverse reactions reported experiencing the adverse effects
85.6% of the time after receiving the BNT162b2 vaccine and 96.05% after receiving the
ChAdOx1 vaccine. When compared to ChAdOx1, the adverse effects of BNT162b2 were
more severe. A total of 30.13%, 28.62%, 29.73%, and 1.53% of people who received the
ChAdOx1 vaccination reported experiencing mild, moderate, severe, or critical adverse
effects, respectively. In contrast, most people who received the BNT162b2 vaccination
(63.92%) reported experiencing only mild side effects, whereas the percentages of those
with moderate, severe, or critical adverse effects were, respectively, 27.67%, 7.68%, and
0.72%. Compared to BNT162b2 vaccination recipients, ChAdOx1 vaccines were shown
to have a higher incidence of both systemic and local adverse effects. In the most recent
research, palpitations were one of the new adverse responses participants experienced in
high frequency. In addition, an abnormal menstrual cycle was recorded in 0.98% (18/1846)
of Pfizer-BioNTech vaccinees and 0.68% (7/1028) of ChAdOx1 vaccines. However, deep
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vein thrombosis was only reported in a single instance of a patient vaccinated with the
BNT162b2 vaccine. According to the research findings, both vaccinations were associated
with post-vaccinal side effects; however, ChAdOx1 was associated with a greater incidence
of post-vaccinal systemic adverse effects than BNT162b2 [118].

9. Effect of COVID-19 on Pregnancy

Reports by the CDC in the United States detail that the risk of COVID-19 infection rose
by 5% among pregnant women [119]. According to the findings of another piece of research
(Zambrano et al., 2020), pregnant women who have COVID-19 have a threefold increased
risk of being hospitalized in an intensive care unit (ICU) compared to women who are
typically pregnant and need ample ventilation with oxygen. Several studies [120,121] report
an increase in the number of instances of stillbirth and miscarriages that occurred during
the pandemic. This was attributed to a decline in the quality of health treatment. The most
likely cause is the physiological changes that occur during pregnancy as a result of the
growth of the baby. These changes include a reduction in lung capacity, an increased risk of
thrombosis, and a weakened immune system. These investigations show that the fetus only
seldom is born with COVID-19. This may be because the virus does not induce significant
levels of viremia and, as a result, does not pass through the transplacental membrane.
In addition, another study [122–124] suggested that the absence of placental ACE2 and
TMPRSS2 was to blame for this phenomenon. Breastfed infants are at an increased risk of
contracting the disease because of their close relationship with an infected mother, even if
they seem healthy and have no symptoms [125].

10. Impact of COVID-19 Vaccination on Pregnancy and Lactation

Even though there were little data available about the safety of any of the candidate
vaccines on pregnancy or lactation for young babies, the Centers for Disease Control and
Prevention (CDC), The Society for Maternal–Fetal Medicine (SMFM), and the American
College of Obstetricians and Gynecologists (ACOG), all encouraged pregnant and nurs-
ing women to get the vaccine [126]. Following the COVID-19 RNA vaccine delivery to
150,000 pregnant women, there were no reports of any significant adverse reactions. How-
ever, some of them experienced significantly greater levels of injection site discomfort, fever,
chills, headache, and muscular exhaustion compared to females who were not pregnant.
The adverse effect observed after vaccination was the same one reported after receiving any
other vaccine. In addition, maternal immunoglobulins G antibodies can efficiently cross
the placenta, and as a result, it is theorized that COVID-19 vaccinations should be passed
from mother to child during pregnancy. Regrettably, it is not known if the quantity of these
antibodies is sufficient for adequate innate immunization [127,128].

Because milk is a barrier against the spread of infectious illnesses, breastfeeding is
a crucial practice, particularly in the newborn’s first few days after birth. It has been
estimated that breastfeeding may save 135 unexpected deaths in infants after delivery and
lower the risk of sudden death in infants by 35%. Researchers have found evidence of
COVID-19 antibodies, namely IgA and IgG, in the breast milk of mothers who have just
recently recovered from the virus [129]. It is recommended that more studies be conducted
to determine whether or if these newborns are immune to COVID-19 due to the antibodies
they have been exposed to [130]. Two or three separate investigations have established
the presence of viral RNA in the milk of infected mothers; however, the analysis did not
focus on determining whether suckling infants acquired the infection via their mothers’
milk or from intimate contact with their infected mothers [131]. Since immunoglobulins
may be transferred from a mother to her child via breast milk, several researchers have
recommended that nursing mothers get the vaccination [127]. Some studies have shown a
strong secretion of immunoglobulin A, immunoglobulin G, and immunoglobulin M in the
milk of mothers six weeks following the injection of the vaccine.
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11. Effect of COVID-19 Infection and Vaccine on Male Sex Hormones and
Sexual Health

According to Lo et al.’s research from 2022, there is no evidence that SARS-CoV-2
was present in the sperm of infected or recovered males [132]. Despite this, contradictory
results on the amount of testosterone were discovered. Several investigations have shown
that testosterone levels stay steady. At the same time, other researchers have observed
lower levels and linked this fall to the feverish condition of an infected male and said that
it was transient [133,134]. Several types of research have shown erectile dysfunction (ED),
and some of these studies have hypothesized that ED is caused by cardiac damage and
myocarditis, both of which may result in a loss in blood flow and vascular function in the
penis cavernous tissue [135]. Infected males have a series of physiological and biochemical
changes, all of which may have a negative impact on libido. These include reduced function
of the neurological system, respiratory issues, and altered hormone levels. In addition, the
physiological state of the lockdown and the global economic situation generally affected
the sexual desire of both people in couples, and some researchers examined the causes of
the decline of sexual intercourse [136].

There was widespread concern about the impact that COVID-19 immunization might
have on the quality of sperm and the ability to fertilize eggs, particularly from RNA
vaccinations. A misconception led to the belief that the spike protein would be incorporated
into the human genome and change gametes’ DNA. However, there is no mention of
any occurrences of miscarriage or stillbirth after vaccination, nor any indication of post-
vaccination sexual ineptitude or ED. After immunization, some of the candidates for the
vaccine had renal irritation in very uncommon occurrences, but none of them reported
changes in their sexual function [137,138].

Based on the information above, it is perfectly safe to take the COVID-19 vaccination.
On the other hand, infection with COVID-19 may cause both temporary and permanent
changes in the sexual function of both male and female hosts, and these changes can be
caused either directly by the virus or indirectly by a malfunction in other bodily systems.

12. Conclusions

It has been demonstrated that females and males react inversely to numerous viral
infections in various mammalian species. Gender influences both the incidence and severity
of viral infections. It has been reported that males are more susceptible to this condition
than females. This distinction results from a highly complex system incorporating be-
havioral, genetic, hormonal, and immunological components. According to this theory,
the most recent data on COVID-19 mortality indicates that men are more susceptible to
the disease than women. Complications, such as hypertension, diabetes, renal disease,
and cardiovascular disease, are also strongly linked with the COVID-19 death rate. These
disorders are closely related to smoking and alcohol consumption, significantly associated
with males, particularly in African and Asian countries. Sex hormones and specific X-linked
genes may also contribute to this difference in COVID-19 outcomes based on gender. These
genes influence both innate and adaptive immune responses against viral infections. In
addition, the androgen-independent expression of TMPRSS2 may contribute to the high
prevalence of COVID-19 in males. Epidemiological data on SARS indicated that males were
more susceptible to the disease. Thus, research on SARS-infected animals revealed that
male rodents are more susceptible to infection with SARS-CoV-2 and confirmed the protec-
tive effect of estrogen signaling against the pathogenesis of SARS. Infection by COVID-19
showed several defects in sexual desire and sexual activity, such as ED. Infection increased
the cases of stillborn and abortions and the risk of ICU admission for pregnant females. On
the other hand, none of the candidate vaccines showed any effect on sexual activity for both
genders. Figure 3 summarizes the impact of COVID-19 infection on males and females.



Biomedicines 2023, 11, 1677 15 of 21

Biomedicines 2023, 11, x FOR PEER REVIEW  15  of  22 
 

linked genes may also contribute to this difference in COVID-19 outcomes based on gen-

der. These genes influence both innate and adaptive immune responses against viral in-

fections. In addition, the androgen-independent expression of TMPRSS2 may contribute 

to the high prevalence of COVID-19  in males. Epidemiological data on SARS indicated 

that males were more susceptible to the disease. Thus, research on SARS-infected animals 

revealed that male rodents are more susceptible to infection with SARS-CoV-2 and con-

firmed the protective effect of estrogen signaling against the pathogenesis of SARS. Infec-

tion by COVID-19 showed several defects in sexual desire and sexual activity, such as ED. 

Infection increased the cases of stillborn and abortions and the risk of ICU admission for 

pregnant females. On the other hand, none of the candidate vaccines showed any effect 

on sexual activity for both genders. Figure 3 summarizes the impact of COVID-19 infec-

tion on males and females. 

 

Figure 3. Impact of COVID-19 infection on gender difference. 

Author Contributions: Conceptualization, K.Z.; investigation, K.Z.; writing—original draft prepa-

ration, K.Z., F.B., J.A., K.B. and A.A.; writing—review and editing, K.Z.; supervision, K.Z. and A.A.; 

project administration, K.Z.; funding acquisition, K.Z. All authors have read and agreed to the pub-

lished version of the manuscript. 

Funding: This research was funded by the Institutional Fund Project at King Abdulaziz University 

(KAU), Jeddah, grant number “IFPDP-36-22.” funded by Ministry of Education and Deanship of 

Scientific Research (DSR) at King Abdulaziz University (KAU), Jeddah. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Acknowledgments: This research work was funded by Institutional Fund Projects under grant no. 

(IFPDP-36-22). Therefore, the authors gratefully acknowledge technical and financial support from 

Ministry  of  Education  and  Deanship  of  Scientific  Research  (DSR),  King Abdulaziz  University 

(KAU), Jeddah, Saudi Arabia.The authors gratefully acknowledge technical and financial support 

from the Ministry of Education and Deanship of Scientific Research (DSR) at King Abdulaziz Uni-

versity (KAU), Jeddah. 

Conflicts of Interest: The authors declare no conflict of interest. 

Figure 3. Impact of COVID-19 infection on gender difference.

Author Contributions: Conceptualization, K.Z.; investigation, K.Z.; writing—original draft prepa-
ration, K.Z., F.B., J.A., K.B. and A.A.; writing—review and editing, K.Z.; supervision, K.Z. and
A.A.; project administration, K.Z.; funding acquisition, K.Z. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Institutional Fund Project at King Abdulaziz University
(KAU), Jeddah, grant number “IFPDP-36-22”, funded by Ministry of Education and Deanship of
Scientific Research (DSR) at King Abdulaziz University (KAU), Jeddah.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: This research work was funded by Institutional Fund Projects under grant no.
(IFPDP-36-22). Therefore, the authors gratefully acknowledge technical and financial support from
Ministry of Education and Deanship of Scientific Research (DSR), King Abdulaziz University (KAU),
Jeddah, Saudi Arabia.The authors gratefully acknowledge technical and financial support from the
Ministry of Education and Deanship of Scientific Research (DSR) at King Abdulaziz University
(KAU), Jeddah.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. Laboratory Testing of 2019 Novel Coronavirus (2019-nCoV) in Suspected Human Cases. Available online: https://apps.

who.int/iris/handle/10665/330676 (accessed on 17 January 2020).
2. Simbana-Rivera, K.; Gómez-Barreno, L.; Guerrero, J.; Simbaña-Guaycha, F.; Fernández, R.; López-Cortés, A.; Lister, A.; Ortiz-

Prado, E. Interim Analysis of Pandemic Coronavirus Disease 2019 (COVID-19) and the SARS-CoV-2 virus in Latin America and
the Caribbean: Morbidity, Mortality and Molecular Testing Trends in the Region medRxiv. medRxiv 2020. [CrossRef]

3. Ortiz-Prado, E.; Simbaña-Rivera, K.; Barreno, L.G.; Diaz, A.M.; Barreto, A.; Moyano, C.; Arcos, V.; Vásconez-González, E.; Paz,
C.; Simbaña-Guaycha, F.; et al. Epidemiological, socio-demographic and clinical features of the early phase of the COVID-19
epidemic in Ecuador. PLoS Negl. Trop. Dis. 2021, 15, e0008958. [CrossRef] [PubMed]

4. Di Gennaro, F.; Pizzol, D.; Marotta, C.; Antunes, M.; Racalbuto, V.; Veronese, N.; Smith, L. Coronavirus Diseases (COVID-19)
Current Status and Future Perspectives: A Narrative Review. Int. J. Environ. Res. Public Health 2020, 17, 2690. [CrossRef]

https://apps.who.int/iris/handle/10665/330676
https://apps.who.int/iris/handle/10665/330676
https://doi.org/10.1101/2020.04.25.20079863
https://doi.org/10.1371/journal.pntd.0008958
https://www.ncbi.nlm.nih.gov/pubmed/33395425
https://doi.org/10.3390/ijerph17082690


Biomedicines 2023, 11, 1677 16 of 21

5. Ortiz-Prado, E.; Simbaña-Rivera, K.; Gómez-Barreno, L.; Rubio-Neira, M.; Guaman, L.P.; Kyriakidis, N.C.; Muslin, C.; Jaramillo,
A.M.G.; Barba-Ostria, C.; Cevallos-Robalino, D.; et al. Clinical, molecular, and epidemiological characterization of the SARS-CoV-2
virus and the Coronavirus Disease 2019 (COVID-19), a comprehensive literature review. Diagn. Microbiol. Infect. Dis. 2020, 98,
115094. [CrossRef] [PubMed]

6. Elbe, S.; Buckland-Merrett, G. Data, disease and diplomacy: GISAID’s innovative contribution to global health. Glob. Chall. 2017,
1, 33–46. [CrossRef]

7. Shu, Y.; McCauley, J. GISAID: Global initiative on sharing all influenza data—From vision to reality. Eurosurveillance 2017, 22,
30494. [CrossRef]

8. Li, F. Structure, Function, and Evolution of Coronavirus Spike Proteins. Annu. Rev. Virol. 2016, 3, 237–261. [CrossRef] [PubMed]
9. Wu, A.; Peng, Y.; Huang, B.; Ding, X.; Wang, X.; Niu, P.; Meng, J.; Zhu, Z.; Zhang, Z.; Wang, J.; et al. Genome Composition and

Divergence of the Novel Coronavirus (2019-nCoV) Originating in China. Cell Host Microbe 2020, 27, 325–328. [CrossRef] [PubMed]
10. Dhama, K.; Khan, S.; Tiwari, R.; Sircar, S.; Bhat, S.; Malik, Y.S.; Singh, K.P.; Chaicumpa, W.; Bonilla-Aldana, D.K.; Rodriguez-

Morales, A.J. Coronavirus Disease 2019-COVID-19. Clin. Microbiol. Rev. 2020, 33, e00028-20. [CrossRef]
11. Oudit, G.Y.; Wang, K.; Viveiros, A.; Kellner, M.J.; Penninger, J.M. Angiotensin-converting enzyme 2-at the heart of the COVID-19

pandemic. Cell 2023, 186, 906–922. [CrossRef]
12. Andersen, K.G.; Rambaut, A.; Lipkin, W.I.; Holmes, E.C.; Garry, R.F. The proximal origin of SARS-CoV-2. Nat. Med. 2020, 26,

450–452. [CrossRef] [PubMed]
13. Ge, X.Y.; Li, J.L.; Yang, X.L.; Chmura, A.A.; Zhu, G.; Epstein, J.H.; Mazet, J.K.; Hu, B.; Zhang, W.; Peng, C.; et al. Isolation and

characterization of a bat SARS-like coronavirus that uses the ACE2 receptor. Nature 2013, 503, 535–538. [CrossRef] [PubMed]
14. Schoeman, D.; Fielding, B.C. Coronavirus envelope protein: Current knowledge. Virol. J. 2019, 16, 69. [CrossRef] [PubMed]
15. Li, X.; Song, Y.; Wong, G.; Cui, J. Bat origin of a new human coronavirus: There and back again. Sci. China Life Sci. 2020, 63,

461–462. [CrossRef] [PubMed]
16. Sheikh, A.; Al-Taher, A.; Al-Nazawi, M.; Al-Mubarak, A.I.; Kandeel, M. Analysis of preferred codon usage in the coronavirus N

genes and their implications for genome evolution and vaccine design. J. Virol. Methods 2020, 277, 113806. [CrossRef] [PubMed]
17. Cui, L.; Wang, H.; Ji, Y.; Yang, J.; Xu, S.; Huang, X.; Wang, Z.; Qin, L.; Tien, P.; Zhou, X.; et al. The Nucleocapsid Protein

of Coronaviruses Acts as a Viral Suppressor of RNA Silencing in Mammalian Cells. J. Virol. 2015, 89, 9029–9043. [CrossRef]
[PubMed]

18. Chan, J.F.; Kok, K.H.; Zhu, Z.; Chu, H.; To, K.K.; Yuan, S.; Yuen, K.Y. Genomic characterization of the 2019 novel human-
pathogenic coronavirus isolated from a patient with atypical pneumonia after visiting Wuhan. Emerg. Microbes Infect. 2020, 9,
221–236. [CrossRef] [PubMed]

19. Hoffmann, M.; Hofmann-Winkler, H.; Pöhlmann, S. Priming Time: How Cellular Proteases Arm Coronavirus Spike Proteins. In
Activation of Viruses by Host Proteases; Böttcher-Friebertshäuser, E., Garten, W., Klenk, H., Eds.; Springer: Cham, Switzerland, 2018.

20. Hulswit, R.J.; de Haan, C.A.; Bosch, B.J. Coronavirus Spike Protein and Tropism Changes. Adv. Virus Res. 2016, 96, 29–57.
[CrossRef]

21. Millet, J.K.; Whittaker, G.R. Host cell entry of Middle East respiratory syndrome coronavirus after two-step, furin-mediated
activation of the spike protein. Proc. Natl. Acad. Sci. USA 2014, 111, 15214–15219. [CrossRef]

22. Wang, Q.; Iketani, S.; Li, Z.; Liu, L.; Guo, Y.; Huang, Y.; Bowen, A.D.; Liu, M.; Wang, M.; Yu, J.; et al. Alarming antibody evasion
properties of rising SARS-CoV-2 BQ and XBB subvariants. Cell 2023, 186, 279–286.e8. [CrossRef]

23. U.S. Food and Drug Administration. mcm-Legal Regulatory and Policy Framework/Emergency Use Authorization. Emergency
Use Authorization. Available online: https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-
policy-framework/emergency-use-authorization (accessed on 5 June 2021).

24. U.S. Food and Drug Administration. Emergency Use Authorization for Vaccines to Prevent COVID-19. Emergency-Use-
Authorization-Vaccines-Prevent-COVID-19. 2021. Available online: https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/emergency-use-authorization-vaccines-prevent-covid-19 (accessed on 1 March 2022).

25. CDC. COVID-19: Vaccines for COVID-19. COVID-19 Vaccines. 2022. Available online: https://www.cdc.gov/coronavirus/2019
-ncov/vaccines/index.html (accessed on 1 July 2021).

26. European Medicines Agency (EMA). COVID-19-Vaccines. Science Medicine Health. 2020. Available online: https:
//www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-
vaccines/covid-19-vaccines#share (accessed on 1 October 2021).

27. Vogel, G.; Kupferschmidt, K. Side effect worry grows for AstraZeneca vaccine. Science 2021, 372, 14–15. [CrossRef] [PubMed]
28. Pai, M.; Grill, A.; Ivers, N.; Maltsev, A.; Miller, K.; Razak, F.; Schull, M.; Schwartz, B.; Stall, N.M.; Steiner, R.; et al. Vaccine—

Induced Prothrombotic Immune Thrombocytopenia (VIPIT) following AstraZeneca COVID-19 Vaccination. Sci. Briefs 2020.
Available online: http://covid19-sciencetable.ca/science-briefs (accessed on 1 February 2021).

29. Greinacher, A.; Thiele, T.; Warkentin, T.E.; Weisser, K.; Kyrle, P.A.; Eichinger, S. Thrombotic Thrombocytopenia after ChAdOx1
nCov-19 Vaccination. N. Engl. J. Med. 2021, 384, 2092–2101. [CrossRef] [PubMed]

30. Mascellino, M.T.; Di Timoteo, F.; De Angelis, M.; Oliva, A. Overview of the Main Anti-SARS-CoV-2 Vaccines: Mechanism of
Action, Efficacy and Safety. Infect. Drug Resist. 2021, 14, 3459–3476. [CrossRef]

31. Huang, Y.; Yang, C.; Xu, X.F.; Xu, W.; Liu, S.W. Structural and functional properties of SARS-CoV-2 spike protein: Potential
antivirus drug development for COVID-19. Acta Pharmacol. Sin. 2020, 41, 1141–1149. [CrossRef]

https://doi.org/10.1016/j.diagmicrobio.2020.115094
https://www.ncbi.nlm.nih.gov/pubmed/32623267
https://doi.org/10.1002/gch2.1018
https://doi.org/10.2807/1560-7917.ES.2017.22.13.30494
https://doi.org/10.1146/annurev-virology-110615-042301
https://www.ncbi.nlm.nih.gov/pubmed/27578435
https://doi.org/10.1016/j.chom.2020.02.001
https://www.ncbi.nlm.nih.gov/pubmed/32035028
https://doi.org/10.1128/CMR.00028-20
https://doi.org/10.1016/j.cell.2023.01.039
https://doi.org/10.1038/s41591-020-0820-9
https://www.ncbi.nlm.nih.gov/pubmed/32284615
https://doi.org/10.1038/nature12711
https://www.ncbi.nlm.nih.gov/pubmed/24172901
https://doi.org/10.1186/s12985-019-1182-0
https://www.ncbi.nlm.nih.gov/pubmed/31133031
https://doi.org/10.1007/s11427-020-1645-7
https://www.ncbi.nlm.nih.gov/pubmed/32048160
https://doi.org/10.1016/j.jviromet.2019.113806
https://www.ncbi.nlm.nih.gov/pubmed/31911390
https://doi.org/10.1128/JVI.01331-15
https://www.ncbi.nlm.nih.gov/pubmed/26085159
https://doi.org/10.1080/22221751.2020.1719902
https://www.ncbi.nlm.nih.gov/pubmed/31987001
https://doi.org/10.1016/bs.aivir.2016.08.004
https://doi.org/10.1073/pnas.1407087111
https://doi.org/10.1016/j.cell.2022.12.018
https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-authorization
https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-authorization
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-vaccines-prevent-covid-19
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-vaccines-prevent-covid-19
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/index.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/index.html
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines#share
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines#share
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines#share
https://doi.org/10.1126/science.372.6537.14
https://www.ncbi.nlm.nih.gov/pubmed/33795437
http://covid19-sciencetable.ca/science-briefs
https://doi.org/10.1056/NEJMoa2104840
https://www.ncbi.nlm.nih.gov/pubmed/33835769
https://doi.org/10.2147/IDR.S315727
https://doi.org/10.1038/s41401-020-0485-4


Biomedicines 2023, 11, 1677 17 of 21

32. Padron-Regalado, E. Vaccines for SARS-CoV-2: Lessons from Other Coronavirus Strains. Infect. Dis. Ther. 2020, 9, 255–274.
[CrossRef]

33. Walsh, E.E.; Frenck, R.; Falsey, A.R.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Neuzil, K.; Mulligan, M.J.; Bailey, R.; et al.
RNA-Based COVID-19 Vaccine BNT162b2 Selected for a Pivotal Efficacy Study. medRxiv 2020. [CrossRef]

34. U.S. Food and Drug Administration. Vaccines and Related Biological Products Advisory Committee December 10, 2020 Meeting
Announcement. 2020. Available online: https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-
and-related-biological-productsadvisory-committee-december-10-2020-meeting-announcement (accessed on 10 December 2020).

35. U.S. Food and Drug Administration. Vaccines and Related Biological Products Advisory Committee Meeting Presentation. 2020.
Available online: https://www.fda.gov/media/144452/download (accessed on 17 December 2020).

36. U.S. Food and Drug Administration. Vaccines and Related Biological Products Advisory Committee Meeting. 20 December 2020.
Available online: https://www.fda.gov/media/144245/download (accessed on 5 June 2021).

37. CDC. Interim Estimates of Vaccine Effectiveness of BNT162b2 and mRNA-1273 COVID-19 Vaccines in Preventing SARS-CoV-2
Infection Among Health Care Personnel, First Responders, and Other Essential and Frontline Workers—Eight U.S. Locations.
2021. Available online: https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm (accessed on 1 April 2021).

38. FDA. Janssen Biotech. 2021. Available online: https://www.fda.gov/media/146303/download (accessed on 5 June 2021).
39. CDC. Thrombosis with Thrombocytopenia Syndrome (TTS) Following Janssen COVID-19 Vaccine. 2021. Available online:

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-04-23/03-COVID-Shimabukuro-508.pdf (accessed on
5 June 2021).

40. CDC. J&J/Janssen Update. Available online: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/JJUpdate.html
(accessed on 1 January 2022).

41. Lorenz, J. European Commission Approves Sanofi-GSK COVID-19 Booster VidPrevtyn. 2020. Available online: https:
//www.contagionlive.com/view/european-commission-approves-sanofi-gsk-covid-19-booster-vidprevtyn (accessed on
23 November 2022).

42. Novavax. Novavax Confirms High Levels of Efficacy against Original and Variant COVID-19 Strains in United Kingdom and
South Africa Trials. 2021. Available online: https://ir.novavax.com/news-releases/news-release-details/novavax-confirms-
highlevels-efficacy-against-original-and-0 (accessed on 5 June 2021).

43. Garg, I.; Shekhar, R.; Sheikh, A.B.; Pal, S. COVID-19 Vaccine in Pregnant and Lactating Women: A Review of Existing Evidence
and Practice Guidelines. Infect. Dis. Rep. 2021, 13, 685–699. [CrossRef]

44. Saeed, B.Q.; Al-Shahrabi, R.; Alhaj, S.S.; Alkokhardi, Z.M.; Adrees, A.O. Side effects and perceptions following Sinopharm
COVID-19 vaccination. Int. J. Infect. Dis. 2021, 111, 219–226. [CrossRef]

45. Qian, J.; Zhao, L.; Ye, R.Z.; Li, X.J.; Liu, Y.L. Age-dependent Gender Differences in COVID-19 in Mainland China: Comparative
Study. Clin. Infect. Dis. 2020, 71, 2488–2494. [CrossRef]

46. Ciarambino, T.; Para, O.; Giordano, M. Immune system and COVID-19 by sex differences and age. Womens Health 2021, 17,
17455065211022262. [CrossRef] [PubMed]

47. Peckham, H.; de Gruijter, N.M.; Raine, C.; Radziszewska, A.; Ciurtin, C.; Wedderburn, L.R.; Rosser, E.C.; Webb, K.; Deakin, C.T.
Male sex identified by global COVID-19 meta-analysis as a risk factor for death and ITU admission. Nat. Commun. 2020, 11, 6317.
[CrossRef]

48. Toubiana, J.; Poirault, C.; Corsia, A.; Bajolle, F.; Fourgeaud, J.; Angoulvant, F.; Debray, A.; Basmaci, R.; Salvador, E.; Biscardi, S.; et al.
Kawasaki-like multisystem inflammatory syndrome in children during the covid-19 pandemic in Paris, France: Prospective
observational study. BMJ 2020, 369, m2094. [CrossRef] [PubMed]

49. Scully, E.P.; Haverfield, J.; Ursin, R.L.; Tannenbaum, C.; Klein, S.L. Considering how biological sex impacts immune responses
and COVID-19 outcomes. Nat. Rev. Immunol. 2020, 20, 442–447. [CrossRef] [PubMed]

50. Tukiainen, T.; Villani, A.C.; Yen, A.; Rivas, M.A.; Marshall, J.L.; Satija, R.; Aguirre, M.; Gauthier, L.; Fleharty, M.; Kirby, A.; et al.
Landscape of X chromosome inactivation across human tissues. Nature 2017, 550, 244–248. [CrossRef] [PubMed]

51. Sama, I.E.; Ravera, A.; Santema, B.T.; van Goor, H.; Ter Maaten, J.M.; Cleland, J.G.F.; Rienstra, M.; Friedrich, A.W.; Samani, N.J.;
Ng, L.L.; et al. Circulating plasma concentrations of angiotensin-converting enzyme 2 in men and women with heart failure and
effects of renin-angiotensin-aldosterone inhibitors. Eur. Heart J. 2020, 41, 1810–1817. [CrossRef]

52. Wang, Y.; Shoemaker, R.; Thatcher, S.E.; Batifoulier-Yiannikouris, F.; English, V.L.; Cassis, L.A. Administration of 17β-estradiol
to ovariectomized obese female mice reverses obesity-hypertension through an ACE2-dependent mechanism. Am. J. Physiol.
Endocrinol. Metab. 2015, 308, E1066–E1075. [CrossRef]

53. Stelzig, K.E.; Canepa-Escaro, F.; Schiliro, M.; Berdnikovs, S.; Prakash, Y.S.; Chiarella, S.E. Estrogen regulates the expression of
SARS-CoV-2 receptor ACE2 in differentiated airway epithelial cells. Am. J. Physiol. Lung Cell. Mol. Physiol. 2020, 318, L1280–L1281.
[CrossRef]

54. Kalidhindi, R.S.R.; Borkar, N.A.; Ambhore, N.S.; Pabelick, C.M.; Prakash, Y.S.; Sathish, V. Sex steroids skew ACE2 expression in
human airway: A contributing factor to sex differences in COVID-19? Am. J. Physiol. Lung Cell. Mol. Physiol. 2020, 319, L843–L847.
[CrossRef]

55. Xie, X.; Chen, J.; Wang, X.; Zhang, F.; Liu, Y. Age- and gender-related difference of ACE2 expression in rat lung. Life Sci. 2006, 78,
2166–2171. [CrossRef]

https://doi.org/10.1007/s40121-020-00300-x
https://doi.org/10.1101/2020.08.17.20176651
https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-and-related-biological-productsadvisory-committee-december-10-2020-meeting-announcement
https://www.fda.gov/advisory-committees/advisory-committee-calendar/vaccines-and-related-biological-productsadvisory-committee-december-10-2020-meeting-announcement
https://www.fda.gov/media/144452/download
https://www.fda.gov/media/144245/download
https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm
https://www.fda.gov/media/146303/download
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-04-23/03-COVID-Shimabukuro-508.pdf
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/JJUpdate.html
https://www.contagionlive.com/view/european-commission-approves-sanofi-gsk-covid-19-booster-vidprevtyn
https://www.contagionlive.com/view/european-commission-approves-sanofi-gsk-covid-19-booster-vidprevtyn
https://ir.novavax.com/news-releases/news-release-details/novavax-confirms-highlevels-efficacy-against-original-and-0
https://ir.novavax.com/news-releases/news-release-details/novavax-confirms-highlevels-efficacy-against-original-and-0
https://doi.org/10.3390/idr13030064
https://doi.org/10.1016/j.ijid.2021.08.013
https://doi.org/10.1093/cid/ciaa683
https://doi.org/10.1177/17455065211022262
https://www.ncbi.nlm.nih.gov/pubmed/34096383
https://doi.org/10.1038/s41467-020-19741-6
https://doi.org/10.1136/bmj.m2094
https://www.ncbi.nlm.nih.gov/pubmed/32493739
https://doi.org/10.1038/s41577-020-0348-8
https://www.ncbi.nlm.nih.gov/pubmed/32528136
https://doi.org/10.1038/nature24265
https://www.ncbi.nlm.nih.gov/pubmed/29022598
https://doi.org/10.1093/eurheartj/ehaa373
https://doi.org/10.1152/ajpendo.00030.2015
https://doi.org/10.1152/ajplung.00153.2020
https://doi.org/10.1152/ajplung.00391.2020
https://doi.org/10.1016/j.lfs.2006.09.028


Biomedicines 2023, 11, 1677 18 of 21

56. Montopoli, M.; Zumerle, S.; Vettor, R.; Rugge, M.; Zorzi, M.; Catapano, C.V.; Carbone, G.M.; Cavalli, A.; Pagano, F.; Ragazzi,
E.; et al. Androgen-deprivation therapies for prostate cancer and risk of infection by SARS-CoV-2: A population-based study
(N = 4532). Ann. Oncol. 2020, 31, 1040–1045. [CrossRef] [PubMed]

57. Mikkonen, L.; Pihlajamaa, P.; Sahu, B.; Zhang, F.P.; Jänne, O.A. Androgen receptor and androgen-dependent gene expression in
lung. Mol. Cell. Endocrinol. 2010, 317, 14–24. [CrossRef] [PubMed]

58. Gadi, N.; Wu, S.C.; Spihlman, A.P.; Moulton, V.R. What’s Sex Got to Do With COVID-19? Gender-Based Differences in the Host
Immune Response to Coronaviruses. Front. Immunol. 2020, 11, 2147. [CrossRef] [PubMed]

59. Samuel, R.M.; Majd, H.; Richter, M.N.; Ghazizadeh, Z.; Zekavat, S.M.; Navickas, A.; Ramirez, J.T.; Asgharian, H.; Simoneau,
C.R.; Bonser, L.R.; et al. Androgen Signaling Regulates SARS-CoV-2 Receptor Levels and Is Associated with Severe COVID-19
Symptoms in Men. Cell Stem Cell 2020, 27, 876–889.e12. [CrossRef] [PubMed]

60. Liu, F.; Long, X.; Zhang, B.; Zhang, W.; Chen, X.; Zhang, Z. ACE2 Expression in Pancreas May Cause Pancreatic Damage After
SARS-CoV-2 Infection. Clin. Gastroenterol. Hepatol. 2020, 18, 2128–2130.e2. [CrossRef] [PubMed]

61. Bechmann, N.; Maccio, U.; Kotb, R.; Dweik, R.A.; Cherfane, M.; Moch, H.; Bornstein, S.R.; Varga, Z. COVID-19 Infections in
Gonads: Consequences on Fertility? Horm. Metab. Res. 2022, 54, 549–555. [CrossRef]

62. Bahmad, H.F.; Abou-Kheir, W. Crosstalk between COVID-19 and prostate cancer. Prostate Cancer Prostatic Dis. 2020, 23, 561–563.
[CrossRef]

63. Report on the Epidemiological Features of Coronavirus Disease 2019 (COVID-19) Outbreak in the Republic of Korea from January
19 to March 2, 2020. J. Korean Med. Sci. 2020, 35, e112. [CrossRef]

64. Lian, J.; Jin, X.; Hao, S.; Cai, H.; Zhang, S.; Zheng, L.; Jia, H.; Hu, J.; Gao, J.; Zhang, Y.; et al. Analysis of Epidemiological and
Clinical Features in Older Patients With Coronavirus Disease 2019 (COVID-19) Outside Wuhan. Clin. Infect. Dis. 2020, 71, 740–747.
[CrossRef]

65. Lechien, J.R.; Chiesa-Estomba, C.M.; De Siati, D.R.; Horoi, M.; Le Bon, S.D.; Rodriguez, A.; Dequanter, D.; Blecic, S.; El Afia, F.;
Distinguin, L.; et al. Olfactory and gustatory dysfunctions as a clinical presentation of mild-to-moderate forms of the coronavirus
disease (COVID-19): A multicenter European study. Eur. Arch. Otorhinolaryngol. 2020, 277, 2251–2261. [CrossRef]

66. Kyrou, I.; Karteris, E.; Robbins, T.; Chatha, K.; Drenos, F.; Randeva, H.S. Polycystic ovary syndrome (PCOS) and COVID-19:
An overlooked female patient population at potentially higher risk during the COVID-19 pandemic. BMC Med. 2020, 18, 220.
[CrossRef] [PubMed]

67. Lasagna, A.; Zuccaro, V.; Ferraris, E.; Corbella, M.; Bruno, R.; Pedrazzoli, P. COVID-19 and breast cancer: May the microbiome be
the issue? Future Oncol. 2021, 17, 123–126. [CrossRef] [PubMed]

68. Vatansev, H.; Kadiyoran, C.; Cumhur Cure, M.; Cure, E. COVID-19 infection can cause chemotherapy resistance development in
patients with breast cancer and tamoxifen may cause susceptibility to COVID-19 infection. Med. Hypotheses 2020, 143, 110091.
[CrossRef]

69. Ioannidis, J.P.A. COVID-19 vaccination in children and university students. Eur. J. Clin. Investig. 2021, 51, e13678. [CrossRef]
70. CDC. COVID-19 Trends Among Persons Aged 0–24 Years—United States March 1–December 12, 2020. MMWR Morb. Mortal.

Wkly. Rep. 2021, 70, 88–94. Available online: https://www.cdc.gov/mmwr/volumes/70/wr/mm7003e1.htm (accessed on
22 January 2021). [CrossRef] [PubMed]

71. Elalamy, I.; Gerotziafas, G.; Alamowitch, S.; Laroche, J.P.; Van Dreden, P.; Ageno, W.; Beyer-Westendorf, J.; Cohen, A.T.; Jimenez,
D.; Brenner, B.; et al. SARS-CoV-2 Vaccine and Thrombosis: An Expert Consensus on Vaccine-Induced Immune Thrombotic
Thrombocytopenia. Thromb. Haemost. 2021, 121, 982–991. [CrossRef] [PubMed]

72. Furman, D.; Hejblum, B.P.; Simon, N.; Jojic, V.; Dekker, C.L.; Thiébaut, R.; Tibshirani, R.J.; Davis, M.M. Systems analysis of sex
differences reveals an immunosuppressive role for testosterone in the response to influenza vaccination. Proc. Natl. Acad. Sci.
USA 2014, 111, 869–874. [CrossRef] [PubMed]

73. Bianchi, V.E. The Anti-Inflammatory Effects of Testosterone. J. Endocr. Soc. 2019, 3, 91–107. [CrossRef]
74. Bouman, A.; Schipper, M.; Heineman, M.J.; Faas, M.M. Gender difference in the non-specific and specific immune response in

humans. Am. J. Reprod. Immunol. 2004, 52, 19–26. [CrossRef]
75. Giltay, E.J.; Fonk, J.C.; von Blomberg, B.M.; Drexhage, H.A.; Schalkwijk, C.; Gooren, L.J. In vivo effects of sex steroids on

lymphocyte responsiveness and immunoglobulin levels in humans. J. Clin. Endocrinol. Metab. 2000, 85, 1648–1657. [CrossRef]
76. McMurray, R.W.; Suwannaroj, S.; Ndebele, K.; Jenkins, J.K. Differential effects of sex steroids on T and B cells: Modulation of cell

cycle phase distribution, apoptosis and bcl-2 protein levels. Pathobiology 2001, 69, 44–58. [CrossRef] [PubMed]
77. Folstad, I.; Karter, A.J. Parasites, bright males, and the immunocompetence handicap. Am. Nat. 1992, 139, 603–622. [CrossRef]
78. Hepworth, M.R.; Hardman, M.J.; Grencis, R.K. The role of sex hormones in the development of Th2 immunity in a gender-biased

model of Trichuris muris infection. Eur. J. Immunol. 2010, 40, 406–416. [CrossRef]
79. Zeng, F.; Dai, C.; Cai, P.; Wang, J.; Xu, L.; Li, J.; Hu, G.; Wang, Z.; Zheng, F.; Wang, L. A comparison study of SARSCoV-2 IgG

antibody between male and female COVID-19 patients: A possible reason underlying different outcome between sex. J. Med.
Virol. 2020, 92, 2050–2054. [CrossRef] [PubMed]

80. Koh, Y.T.; Gray, A.; Higgins, S.A.; Hubby, B.; Kast, W.M. Androgen ablation augments prostate cancer vaccine immunogenicity
only when applied after immunization. Prostate 2009, 69, 571–584. [CrossRef]

81. Mohamad, N.V.; Wong, S.K.; Wan Hasan, W.N.; Jolly, J.J.; Nur-Farhana, M.F.; Ima-Nirwana, S.; Chin, K.Y. The relationship
between circulating testosterone and inflammatory cytokines in men. Aging Male 2019, 22, 129–140. [CrossRef] [PubMed]

https://doi.org/10.1016/j.annonc.2020.04.479
https://www.ncbi.nlm.nih.gov/pubmed/32387456
https://doi.org/10.1016/j.mce.2009.12.022
https://www.ncbi.nlm.nih.gov/pubmed/20035825
https://doi.org/10.3389/fimmu.2020.02147
https://www.ncbi.nlm.nih.gov/pubmed/32983176
https://doi.org/10.1016/j.stem.2020.11.009
https://www.ncbi.nlm.nih.gov/pubmed/33232663
https://doi.org/10.1016/j.cgh.2020.04.040
https://www.ncbi.nlm.nih.gov/pubmed/32334082
https://doi.org/10.1055/a-1891-6621
https://doi.org/10.1038/s41391-020-0262-y
https://doi.org/10.3346/jkms.2020.35.e112
https://doi.org/10.1093/cid/ciaa242
https://doi.org/10.1007/s00405-020-05965-1
https://doi.org/10.1186/s12916-020-01697-5
https://www.ncbi.nlm.nih.gov/pubmed/32664957
https://doi.org/10.2217/fon-2020-0764
https://www.ncbi.nlm.nih.gov/pubmed/33244989
https://doi.org/10.1016/j.mehy.2020.110091
https://doi.org/10.1111/eci.13678
https://www.cdc.gov/mmwr/volumes/70/wr/mm7003e1.htm
https://doi.org/10.15585/mmwr.mm7003e1
https://www.ncbi.nlm.nih.gov/pubmed/33476314
https://doi.org/10.1055/a-1499-0119
https://www.ncbi.nlm.nih.gov/pubmed/33946120
https://doi.org/10.1073/pnas.1321060111
https://www.ncbi.nlm.nih.gov/pubmed/24367114
https://doi.org/10.1210/js.2018-00186
https://doi.org/10.1111/j.1600-0897.2004.00177.x
https://doi.org/10.1210/jcem.85.4.6562
https://doi.org/10.1159/000048757
https://www.ncbi.nlm.nih.gov/pubmed/11641617
https://doi.org/10.1086/285346
https://doi.org/10.1002/eji.200939589
https://doi.org/10.1002/jmv.25989
https://www.ncbi.nlm.nih.gov/pubmed/32383183
https://doi.org/10.1002/pros.20906
https://doi.org/10.1080/13685538.2018.1482487
https://www.ncbi.nlm.nih.gov/pubmed/29925283


Biomedicines 2023, 11, 1677 19 of 21

82. Roved, J.; Westerdahl, H.; Hasselquist, D. Sex differences in immune responses: Hormonal effects, antagonistic selection, and
evolutionary consequences. Horm. Behav. 2017, 88, 95–105. [CrossRef]

83. Wu, F.C.; Tajar, A.; Pye, S.R.; Silman, A.J.; Finn, J.D.; O’Neill, T.W.; Bartfai, G.; Casanueva, F.; Forti, G.; Giwercman, A.; et al.
Hypothalamic-pituitary-testicular axis disruptions in older men are differentially linked to age and modifiable risk factors: The
European Male Aging Study. J Clin Endocrinol Metab 2008, 93, 2737–2745. [CrossRef]

84. Snyder, P.J.; Bhasin, S.; Cunningham, G.R.; Matsumoto, A.M.; Stephens-Shields, A.J.; Cauley, J.A.; Gill, T.M.; Barrett-Connor, E.;
Swerdloff, R.S.; Wang, C.; et al. Effects of Testosterone Treatment in Older Men. N. Engl. J. Med. 2016, 374, 611–624. [CrossRef]

85. Bhasin, S.; Brito, J.P.; Cunningham, G.R.; Hayes, F.J.; Hodis, H.N.; Matsumoto, A.M.; Snyder, P.J.; Swerdloff, R.S.; Wu, F.C.;
Yialamas, M.A. Testosterone Therapy in Men With Hypogonadism: An Endocrine Society Clinical Practice Guideline. J. Clin.
Endocrinol. Metab. 2018, 103, 1715–1744. [CrossRef]

86. Maggio, M.; Basaria, S.; Ceda, G.P.; Ble, A.; Ling, S.M.; Bandinelli, S.; Valenti, G.; Ferrucci, L. The relationship between testosterone
and molecular markers of inflammation in older men. J. Endocrinol. Investig. 2005, 28, 116–119.

87. Schroeder, M.; Schaumburg, B.; Mueller, Z.; Parplys, A.; Jarczak, D.; Roedl, K.; Nierhaus, A.; de Heer, G.; Grensemann, J.;
Schneider, B.; et al. High estradiol and low testosterone levels are associated with critical illness in male but not in female
COVID-19 patients: A retrospective cohort study. Emerg. Microbes Infect. 2021, 10, 1807–1818. [CrossRef] [PubMed]

88. Jin, J.M.; Bai, P.; He, W.; Wu, F.; Liu, X.F.; Han, D.M.; Liu, S.; Yang, J.K. Gender Differences in Patients With COVID-19: Focus on
Severity and Mortality. Front. Public Health 2020, 8, 152. [CrossRef] [PubMed]

89. Goren, A.; Vaño-Galván, S.; Wambier, C.G.; McCoy, J.; Gomez-Zubiaur, A.; Moreno-Arrones, O.M.; Shapiro, J.; Sinclair, R.D.; Gold,
M.H.; Kovacevic, M.; et al. A preliminary observation: Male pattern hair loss among hospitalized COVID-19 patients in Spain—A
potential clue to the role of androgens in COVID-19 severity. J. Cosmet. Dermatol. 2020, 19, 1545–1547. [CrossRef]

90. Wambier, C.G.; Goren, A. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is likely to be androgen
mediated. J. Am. Acad. Dermatol. 2020, 83, 308–309. [CrossRef]

91. Shen, L.W.; Mao, H.J.; Wu, Y.L.; Tanaka, Y.; Zhang, W. TMPRSS2: A potential target for treatment of influenza virus and
coronavirus infections. Biochimie 2017, 142, 1–10. [CrossRef]

92. Lau, E.H.; Hsiung, C.A.; Cowling, B.J.; Chen, C.H.; Ho, L.M.; Tsang, T.; Chang, C.W.; Donnelly, C.A.; Leung, G.M. A comparative
epidemiologic analysis of SARS in Hong Kong, Beijing and Taiwan. BMC Infect. Dis. 2010, 10, 50. [CrossRef]

93. Assiri, A.; Al-Tawfiq, J.A.; Al-Rabeeah, A.A.; Al-Rabiah, F.A.; Al-Hajjar, S.; Al-Barrak, A.; Flemban, H.; Al-Nassir, W.N.; Balkhy,
H.H.; Al-Hakeem, R.F.; et al. Epidemiological, demographic, and clinical characteristics of 47 cases of Middle East respiratory
syndrome coronavirus disease from Saudi Arabia: A descriptive study. Lancet Infect. Dis. 2013, 13, 752–761. [CrossRef]

94. Nicola, W.G.; Khayria, M.I.; Osfor, M.M. Plasma testosterone level and the male genital system after chloroquine therapy. Boll.
Chim. Farm. 1997, 136, 39–43.

95. Taneja, V. Sex Hormones Determine Immune Response. Front. Immunol. 2018, 9, 1931. [CrossRef]
96. Cutolo, M.; Capellino, S.; Sulli, A.; Serioli, B.; Secchi, M.E.; Villaggio, B.; Straub, R.H. Estrogens and autoimmune diseases. Ann.

N. Y. Acad. Sci. 2006, 1089, 538–547. [CrossRef]
97. Mo, R.; Chen, J.; Grolleau-Julius, A.; Murphy, H.S.; Richardson, B.C.; Yung, R.L. Estrogen regulates CCR gene expression and

function in T lymphocytes. J. Immunol. 2005, 174, 6023–6029. [CrossRef]
98. Törnwall, J.; Carey, A.B.; Fox, R.I.; Fox, H.S. Estrogen in autoimmunity: Expression of estrogen receptors in thymic and

autoimmune T cells. J. Gend. Specif. Med. 1999, 2, 33–40.
99. Kovats, S. Estrogen receptors regulate innate immune cells and signaling pathways. Cell. Immunol. 2015, 294, 63–69. [CrossRef]

[PubMed]
100. Panchanathan, R.; Liu, H.; Choubey, D. Expression of murine Unc93b1 is up-regulated by interferon and estrogen signaling:

Implications for sex bias in the development of autoimmunity. Int. Immunol. 2013, 25, 521–529. [CrossRef] [PubMed]
101. Panchanathan, R.; Shen, H.; Bupp, M.G.; Gould, K.A.; Choubey, D. Female and male sex hormones differentially regulate

expression of Ifi202, an interferon-inducible lupus susceptibility gene within the Nba2 interval. J. Immunol. 2009, 183, 7031–7038.
[CrossRef] [PubMed]

102. Schlenker, E.H.; Hansen, S.N. Sex-specific densities of estrogen receptors alpha and beta in the subnuclei of the nucleus tractus
solitarius, hypoglossal nucleus and dorsal vagal motor nucleus weanling rats. Brain Res. 2006, 1123, 89–100. [CrossRef] [PubMed]

103. Faas, M.; Bouman, A.; Moesa, H.; Heineman, M.J.; de Leij, L.; Schuiling, G. The immune response during the luteal phase of the
ovarian cycle: A Th2-type response? Fertil. Steril. 2000, 74, 1008–1013. [CrossRef]

104. Karpuzoglu, E.; Phillips, R.A.; Gogal, R.M., Jr.; Ansar Ahmed, S. IFN-gamma-inducing transcription factor, T-bet is upregulated
by estrogen in murine splenocytes: Role of IL-27 but not IL-12. Mol. Immunol. 2007, 44, 1808–1814. [CrossRef]

105. Tang, Y.; Liu, J.; Zhang, D.; Xu, Z.; Ji, J.; Wen, C. Cytokine Storm in COVID-19: The Current Evidence and Treatment Strategies.
Front. Immunol. 2020, 11, 1708. [CrossRef] [PubMed]

106. Channappanavar, R.; Fett, C.; Mack, M.; Ten Eyck, P.P.; Meyerholz, D.K.; Perlman, S. Sex-Based Differences in Susceptibility to
Severe Acute Respiratory Syndrome Coronavirus Infection. J. Immunol. 2017, 198, 4046–4053. [CrossRef] [PubMed]

107. Schurz, H.; Salie, M.; Tromp, G.; Hoal, E.G.; Kinnear, C.J.; Möller, M. The X chromosome and sex-specific effects in infectious
disease susceptibility. Hum. Genom. 2019, 13, 2. [CrossRef] [PubMed]

108. Barakat, T.S.; Gribnau, J. X chromosome inactivation in the cycle of life. Development 2012, 139, 2085–2089. [CrossRef]

https://doi.org/10.1016/j.yhbeh.2016.11.017
https://doi.org/10.1210/jc.2007-1972
https://doi.org/10.1056/NEJMoa1506119
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1080/22221751.2021.1969869
https://www.ncbi.nlm.nih.gov/pubmed/34402750
https://doi.org/10.3389/fpubh.2020.00152
https://www.ncbi.nlm.nih.gov/pubmed/32411652
https://doi.org/10.1111/jocd.13443
https://doi.org/10.1016/j.jaad.2020.04.032
https://doi.org/10.1016/j.biochi.2017.07.016
https://doi.org/10.1186/1471-2334-10-50
https://doi.org/10.1016/S1473-3099(13)70204-4
https://doi.org/10.3389/fimmu.2018.01931
https://doi.org/10.1196/annals.1386.043
https://doi.org/10.4049/jimmunol.174.10.6023
https://doi.org/10.1016/j.cellimm.2015.01.018
https://www.ncbi.nlm.nih.gov/pubmed/25682174
https://doi.org/10.1093/intimm/dxt015
https://www.ncbi.nlm.nih.gov/pubmed/23728775
https://doi.org/10.4049/jimmunol.0802665
https://www.ncbi.nlm.nih.gov/pubmed/19890043
https://doi.org/10.1016/j.brainres.2006.09.035
https://www.ncbi.nlm.nih.gov/pubmed/17045976
https://doi.org/10.1016/S0015-0282(00)01553-3
https://doi.org/10.1016/j.molimm.2006.08.005
https://doi.org/10.3389/fimmu.2020.01708
https://www.ncbi.nlm.nih.gov/pubmed/32754163
https://doi.org/10.4049/jimmunol.1601896
https://www.ncbi.nlm.nih.gov/pubmed/28373583
https://doi.org/10.1186/s40246-018-0185-z
https://www.ncbi.nlm.nih.gov/pubmed/30621780
https://doi.org/10.1242/dev.069328


Biomedicines 2023, 11, 1677 20 of 21

109. Li, J.; Ming, Z.; Yang, L.; Wang, T.; Liu, G.; Ma, Q. Long noncoding RNA XIST: Mechanisms for X chromosome inactivation, roles
in sex-biased diseases, and therapeutic opportunities. Genes Dis. 2022, 9, 1478–1492. [CrossRef] [PubMed]

110. Libert, C.; Dejager, L.; Pinheiro, I. The X chromosome in immune functions: When a chromosome makes the difference. Nat. Rev.
Immunol. 2010, 10, 594–604. [CrossRef] [PubMed]

111. Ito, T.; Wang, Y.H.; Liu, Y.J. Plasmacytoid dendritic cell precursors/type I interferon-producing cells sense viral infection by
Toll-like receptor (TLR) 7 and TLR9. Springer Semin. Immunopathol. 2005, 26, 221–229. [CrossRef]

112. Souyris, M.; Cenac, C.; Azar, P.; Daviaud, D.; Canivet, A.; Grunenwald, S.; Pienkowski, C.; Chaumeil, J.; Mejía, J.E.; Guéry, J.C.
TLR7 escapes X chromosome inactivation in immune cells. Sci. Immunol. 2018, 3, eaap8855. [CrossRef]

113. Agrawal, H.; Das, N.; Nathani, S.; Saha, S.; Saini, S.; Kakar, S.S.; Roy, P. An Assessment on Impact of COVID-19 Infection in a
Gender Specific Manner. Stem Cell Rev. Rep. 2021, 17, 94–112. [CrossRef]

114. Aolymat, I. A Cross-Sectional Study of the Impact of COVID-19 on Domestic Violence, Menstruation, Genital Tract Health, and
Contraception Use among Women in Jordan. Am. J. Trop. Med. Hyg. 2020, 104, 519–525. [CrossRef]

115. Yuksel, B.; Ozgor, F. Effect of the COVID-19 pandemic on female sexual behavior. Int. J. Gynaecol. Obstet. 2020, 150, 98–102.
[CrossRef]

116. Li, K.; Chen, G.; Hou, H.; Liao, Q.; Chen, J.; Bai, H.; Lee, S.; Wang, C.; Li, H.; Cheng, L.; et al. Analysis of sex hormones and
menstruation in COVID-19 women of child-bearing age. Reprod. Biomed. Online 2021, 42, 260–267. [CrossRef] [PubMed]

117. Giles, C. COVID-19 vaccines and periods. New Sci. 2021, 250, 14. [CrossRef]
118. Edelman, A.; Boniface, E.R.; Benhar, E.; Han, L.; Matteson, K.A.; Favaro, C.; Pearson, J.T.; Darney, B.G. Association Between

Menstrual Cycle Length and Coronavirus Disease 2019 (COVID-19) Vaccination: A U.S. Cohort. Obstet. Gynecol. 2022, 139,
481–489. [CrossRef] [PubMed]

119. Alghamdi, A.N.; Alotaibi, M.I.; Alqahtani, A.S.; Al Aboud, D.; Abdel-Moneim, A.S. BNT162b2 and ChAdOx1 SARS-CoV-2
Post-vaccination Side-Effects Among Saudi Vaccinees. Front. Med. 2021, 8, 760047. [CrossRef] [PubMed]

120. Ellington, S.; Strid, P.; Tong, V.T.; Woodworth, K.; Galang, R.R.; Zambrano, L.D.; Nahabedian, J.; Anderson, K.; Gilboa, S.M.
Characteristics of Women of Reproductive Age with Laboratory-Confirmed SARS-CoV-2 Infection by Pregnancy Status—United
States, January 22–June 7, 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 769–775. [CrossRef]

121. Been, J.V.; Burgos Ochoa, L.; Bertens, L.C.M.; Schoenmakers, S.; Steegers, E.A.P.; Reiss, I.K.M. Impact of COVID-19 mitigation
measures on the incidence of preterm birth: A national quasi-experimental study. Lancet Public Health 2020, 5, e604–e611.
[CrossRef]

122. Maeda, Y.; Nakamura, M.; Ninomiya, H.; Ogawa, K.; Sago, H.; Miyawaki, A. Trends in intensive neonatal care during the
COVID-19 outbreak in Japan. Arch. Dis. Child. Fetal Neonatal Ed. 2021, 106, 327–329. [CrossRef]

123. Edlow, A.G.; Li, J.Z.; Collier, A.Y.; Atyeo, C.; James, K.E.; Boatin, A.A.; Gray, K.J.; Bordt, E.A.; Shook, L.L.; Yonker, L.M.; et al.
Assessment of Maternal and Neonatal SARS-CoV-2 Viral Load, Transplacental Antibody Transfer, and Placental Pathology in
Pregnancies During the COVID-19 Pandemic. JAMA Netw. Open 2020, 3, e2030455. [CrossRef]

124. Pique-Regi, R.; Romero, R.; Tarca, A.L.; Luca, F.; Xu, Y.; Alazizi, A.; Leng, Y.; Hsu, C.D.; Gomez-Lopez, N. Does the human
placenta express the canonical cell entry mediators for SARS-CoV-2? Elife 2020, 9, e58716. [CrossRef]

125. Ouyang, Y.; Bagalkot, T.; Fitzgerald, W.; Sadovsky, E.; Chu, T.; Martínez-Marchal, A.; Brieño-Enríquez, M.; Su, E.J.; Margolis, L.;
Sorkin, A.; et al. Term Human Placental Trophoblasts Express SARS-CoV-2 Entry Factors ACE2, TMPRSS2, and Furin. mSphere
2021, 6, e00250-21. [CrossRef]

126. CDC. Evaluation and Management Considerations for Neonates at Risk for COVID-19. 2020. Available online: https://www.cdc.
gov/coronavirus/2019-ncov/hcp/caring-for-newborns.html#mother-neonatal-contact (accessed on 19 May 2020).

127. CDC. Interim Clinical Considerations for Use of COVID-19 Vaccines Currently Approved or Authorized in the United States.
2021. Available online: https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html#pregnant
(accessed on 1 April 2021).

128. Gray, K.J.; Bordt, E.A.; Atyeo, C.; Deriso, E.; Akinwunmi, B.; Young, N.; Baez, A.M.; Shook, L.L.; Cvrk, D.; James, K.; et al.
Coronavirus disease 2019 vaccine response in pregnant and lactating women: A cohort study. Am. J. Obstet. Gynecol. 2021, 225,
303.e1–303.e17. [CrossRef]

129. Beharier, O.; Plitman Mayo, R.; Raz, T.; Nahum Sacks, K.; Schreiber, L.; Suissa-Cohen, Y.; Chen, R.; Gomez-Tolub, R.; Hadar,
E.; Gabbay-Benziv, R.; et al. Efficient maternal to neonatal transfer of antibodies against SARS-CoV-2 and BNT162b2 mRNA
COVID-19 vaccine. J. Clin. Investig. 2021, 131, e150319. [CrossRef]

130. Juncker, H.G.; Romijn, M.; Loth, V.N.; Ruhé, E.J.M.; Bakker, S.; Kleinendorst, S.; de Groot, C.J.M.; Pajkrt, D.; Korosi, A.; van
Goudoever, J.B.; et al. Antibodies Against SARS-CoV-2 in Human Milk: Milk Conversion Rates in the Netherlands. J. Hum. Lact.
2021, 37, 469–476. [CrossRef] [PubMed]

131. Pérez-Bermejo, M.; Peris-Ochando, B.; Murillo-Llorente, M.T. COVID-19: Relationship and Impact on Breastfeeding-A Systematic
Review. Nutrients 2021, 13, 2972. [CrossRef] [PubMed]

132. Lang, G.J.; Zhao, H. Can SARS-CoV-2-infected women breastfeed after viral clearance? J. Zhejiang Univ. Sci. B 2020, 21, 405–407.
[CrossRef] [PubMed]

133. Lo, S.P.; Hsieh, T.C.; Pastuszak, A.W.; Hotaling, J.M.; Patel, D.P. Effects of SARS CoV-2, COVID-19, and its vaccines on male
sexual health and reproduction: Where do we stand? Int. J. Impot. Res. 2022, 34, 138–144. [CrossRef] [PubMed]

https://doi.org/10.1016/j.gendis.2022.04.007
https://www.ncbi.nlm.nih.gov/pubmed/36157489
https://doi.org/10.1038/nri2815
https://www.ncbi.nlm.nih.gov/pubmed/20651746
https://doi.org/10.1007/s00281-004-0180-4
https://doi.org/10.1126/sciimmunol.aap8855
https://doi.org/10.1007/s12015-020-10048-z
https://doi.org/10.4269/ajtmh.20-1269
https://doi.org/10.1002/ijgo.13193
https://doi.org/10.1016/j.rbmo.2020.09.020
https://www.ncbi.nlm.nih.gov/pubmed/33288478
https://doi.org/10.1016/S0262-4079(21)01125-8
https://doi.org/10.1097/AOG.0000000000004695
https://www.ncbi.nlm.nih.gov/pubmed/34991109
https://doi.org/10.3389/fmed.2021.760047
https://www.ncbi.nlm.nih.gov/pubmed/34692740
https://doi.org/10.15585/mmwr.mm6925a1
https://doi.org/10.1016/S2468-2667(20)30223-1
https://doi.org/10.1136/archdischild-2020-320521
https://doi.org/10.1001/jamanetworkopen.2020.30455
https://doi.org/10.7554/eLife.58716
https://doi.org/10.1128/mSphere.00250-21
https://www.cdc.gov/coronavirus/2019-ncov/hcp/caring-for-newborns.html#mother-neonatal-contact
https://www.cdc.gov/coronavirus/2019-ncov/hcp/caring-for-newborns.html#mother-neonatal-contact
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html#pregnant
https://doi.org/10.1016/j.ajog.2021.03.023
https://doi.org/10.1172/JCI150319
https://doi.org/10.1177/08903344211018185
https://www.ncbi.nlm.nih.gov/pubmed/33982613
https://doi.org/10.3390/nu13092972
https://www.ncbi.nlm.nih.gov/pubmed/34578848
https://doi.org/10.1631/jzus.B2000095
https://www.ncbi.nlm.nih.gov/pubmed/32425007
https://doi.org/10.1038/s41443-021-00483-y
https://www.ncbi.nlm.nih.gov/pubmed/34707243


Biomedicines 2023, 11, 1677 21 of 21

134. Kadihasanoglu, M.; Aktas, S.; Yardimci, E.; Aral, H.; Kadioglu, A. SARS-CoV-2 Pneumonia Affects Male Reproductive Hormone
Levels: A Prospective, Cohort Study. J. Sex. Med. 2021, 18, 256–264. [CrossRef]

135. Temiz, M.Z.; Dincer, M.M.; Hacibey, I.; Yazar, R.O.; Celik, C.; Kucuk, S.H.; Alkurt, G.; Doganay, L.; Yuruk, E.; Muslumanoglu, A.Y.
Investigation of SARS-CoV-2 in semen samples and the effects of COVID-19 on male sexual health by using semen analysis and
serum male hormone profile: A cross-sectional, pilot study. Andrologia 2021, 53, e13912. [CrossRef]

136. Sansone, A.; Mollaioli, D.; Ciocca, G.; Limoncin, E.; Colonnello, E.; Vena, W.; Jannini, E.A. Addressing male sexual and
reproductive health in the wake of COVID-19 outbreak. J. Endocrinol. Investig. 2021, 44, 223–231. [CrossRef]

137. Li, W.; Li, G.; Xin, C.; Wang, Y.; Yang, S. Challenges in the Practice of Sexual Medicine in the Time of COVID-19 in China. J. Sex.
Med. 2020, 17, 1225–1228. [CrossRef]

138. Hollier, L. Coronavirus (COVID-19), Pregnancy, and Breastfeeding: A Message for Patients. 2021. Available online: https:
//www.acog.org/womens-health/faqs/coronavirus-covid-19-pregnancy-and-breastfeeding (accessed on 1 July 2021).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jsxm.2020.11.007
https://doi.org/10.1111/and.13912
https://doi.org/10.1007/s40618-020-01350-1
https://doi.org/10.1016/j.jsxm.2020.04.380
https://www.acog.org/womens-health/faqs/coronavirus-covid-19-pregnancy-and-breastfeeding
https://www.acog.org/womens-health/faqs/coronavirus-covid-19-pregnancy-and-breastfeeding

	Introduction 
	Origen and Structure of SARS-CoV-2 
	Vaccination 
	mRNA Vaccines 
	Viral Vector Vaccines 
	Recombinant Antigen Proteins 
	Inactivated COVID-19 Virus 

	The Interaction of COVID-19's Infection Endocrine Factors Related to Male Gender and Prostate Cancer 
	The Interaction of COVID-19's Infection, Female Gender and Breast Cancer 
	Interaction between COVID-19 Infection and Teenagers and Young Adults 

	Effect of Testosterone on Suppressing the Immune Respond 
	Effect of Estrogen on Strengthening the Immune Respond 
	Correlation between COVID-19 and Genes Responsible for Immune Responses on the X Chromosome 
	Menstrual Cycle Changes Caused by the COVID-19 Infection and Vaccination 
	Effect of COVID-19 on Pregnancy 
	Impact of COVID-19 Vaccination on Pregnancy and Lactation 
	Effect of COVID-19 Infection and Vaccine on Male Sex Hormones and Sexual Health 
	Conclusions 
	References

