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Background: Researchers and scientists experienced the spread and aid recovery of the COVID- 
19 pandemic with a condition of great uncertainty. With limited understanding of SARS-CoV-2, 
current attempts at controlling its spread are focused on the suppressing approach (to reduce 
a sustained endogenous transmission) and the mitigating approach (to reduce the growth rate of 
the epidemic). On the one hand, while there has been no firm explanation, many governments have 
considered immunity passport and herd immunity for paths out of restrictive physical distancing 
measures imposed to control the spread of SARS-CoV-2 but were not successful.
Purpose of Review: Herein, we attempted to systematize the lessons and shreds of 
evidence related to the spectrum of illness, the physiological mechanisms of host suscept-
ibility, herd immunity, immunity passport, gender disparities, and severe challenges and 
uncertainties posed by the COVID-19 pandemic. We hope that the insights provided in this 
review will help raise the effectiveness of the treatment policies and preventive measures 
required to end the pandemic.
Recent Findings: The use of immunity passports is suggested to certify an individual at low 
risk of acquiring or transmitting SARS-CoV-2. But, an individual might nevertheless carry 
the virus at similar levels and for a similar duration to those previously uninfected, with an 
unchanged potential for transmission. Vaccine-induced herd immunity is a complex issue 
inherent to a vaccine and the population receiving the vaccine. The central epidemiological 
questions about are as follows: what proportion of the population should be vaccinated to 
meet elimination (in a local program), eradication (in a global program) or a defined level of 
control? How is this affected by demographic factors (such as gender)? What is the best age 
at which to immunize? Besides, although age-dependent mortality risk is estimated to be 
higher for men and older people, such interpretation across gender, age groups, and coun-
tries, however, must be accepted with caution at present.
Summary: COVID-19 has taught us that health is the basis of global wealth and interna-
tional solidarity is an essential response and a superior approach to isolationism. Hence, we 
must be clear about what the alternatives are when evaluating the merits of different ways of 
tackling this pandemic both in the short term as well as in the long term.
Keywords: COVID-19, coronavirus, SARS-CoV-2, gender disparity, herd immunity, 
immunity passport, vaccine

Introduction
A pandemic caused by different pathogens has forced citizens around the world to face 
and reconsider the high social and economic costs of epidemic control. A “Pandemic” 
is an epidemic occurring worldwide or over a wide area, crossing boundaries of 
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several countries, and usually affecting many people.1 It has 
been believed that every 100 years, a pandemic call for 
global concern. It is not a question of if, but when. For 
instance, so far in the history of the world, three pandemic 
outbreaks were noticed; in 1720 the Plague, in the 1820 
Cholera outbreak, in 1920 Spanish Flu.2,3 The end of 2019 
saw the emergence of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and its associated disease, 
COVID-19; which initially appeared in Wuhan, Hubei 
Province, China4,5 has become an ongoing and the biggest 
threat in living memory to health and wellbeing, social 
welfare, and the global economic system strain.

Since the mid-1960s to date, six species of human cor-
onavirus are known, with one species subdivided into two 
different strains. There are four described genera of corona-
viruses (α, β, δ, and γ).6 Epidemics of β-coronavirus genus 
includes severe acute respiratory syndrome coronavirus 
(SARS-CoV) outbreak of 2002 to 2003, the Middle East 
respiratory syndrome (MERS-CoV) of 2012.7 COVID-19, 
a subfamily of the β-coronavirus which belongs to a large 
family of positive-sense single-stranded RNA; and also 
called SARS-CoV-2 as it shares higher genomic similarities 
(96% or 89%) with SARS-CoV.5

The SARS-CoV-2, similarly to other coronaviruses, is 
mainly transmitted through contact, respiratory droplets, and 
the potential route of fecal-oral (Table 1).8–11 Factors such as 
climate, population structure, social practices, pre-existing 
immunity, and many other variables were noted to play 
a significant role in intensifying a dynamic transmission of 
SARS-CoV-2.12

Since scientific publications addressing the pandemic 
are being produced rapidly, including gender disparities, 
immunity passport, herd-immunity, and risk factors, sum-
marizing and sharing such information is of paramount 
importance to support an efficient and rapid response. 
Therefore, we have compiled summary of the literature 
evaluating these data for COVID-19.

Search Strategy and Selection 
Criteria
Herein, we attempted to systematize the lessons and shreds 
of evidence related to the spectrum of illness, the physiolo-
gical mechanisms of host susceptibility, herd immunity, 
immunity passport, gender disparities, and severe challenges 
and uncertainties posed by the COVID-19 pandemic. 
References for this review were identified through searches 
of PubMed and MEDLINE for articles published through 

November 2020, using the Medical Subject Headings terms 
“SARS virus”, “coronavirus”, “systemic inflammatory 
response syndrome”, “child and COVID-19”, “adolescent 
and COVID-19” “gender and coronaviruses”, “herd immu-
nity”, “clinical findings,” “clinical characteristic,” “novel 
coronavirus,” “covid-19,” “SARS-Cov-2,” “death,” “mortal-
ity,” “disease severity,” “risk factor”, “gender disparity”, 
“uncertainties” and any relevant entry terms and supplemen-
tary concepts. Relevant articles and commentaries were also 
identified through searches in Google Scholar, WHO, 
Centers for Disease Control and Prevention, the Johns 
Hopkins Center for Systems Science and Engineering site 
for Coronavirus COVID-19 Global Cases, and other web-
sites. Ongoing and planned clinical trials were identified 
using the search term “COVID-19” on the ClinicalTrials. 
gov website. Articles resulting from these searches and 
relevant references cited in those articles were reviewed. 
Articles published in English were identified and included.

COVID-19 Designation
A Bridge Host
Emerging viruses that spread to humans from an animal 
host are proven to be some of the deadliest diseases 
known.12 It was well known that the epicenter was the 
Human Seafood market in the city of Wuhan, China, 
where bats, birds, frogs, rabbits, and snakes had frequently 
been sold.4,5 Although no conclusive evidence shows any 
traces of the SARS-CoV-2, multiple known animal viruses 
share significant similarities with SARS-CoV-2. For 

Table 1 Known Transmission Routes of COVID-19/SARS-CoV-2

Factors Available Information

Respiratory 
droplets

►Through coughs, sneezes, or ordinary talk. 
Worryingly, detection of viral loads in the upper 

respiratory tract suggests potential for pre- and 

ogliosymptomatic transmission

Contact 

transmission

►From object contaminated with the virus and 

subsequent touch their mouth, nose, or eyes.

Aerosol 
transmission

► As the virus-containing aerosol may reside for 
hours in a relatively closed environment, 

respiratory droplets mix into the air, forming 

aerosols and may cause infection when inhaled high 
doses of aerosols into the lungs.

Possibly via 
fecal-oral

►Transmission through the gastrointestinal tract is 
also claimed from the point of view of abdominal 

discomfort and diarrhea symptoms.
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instance, the possibility of bats as reservoir hosts for 
SARS-CoV-2 has been likely due to high genomic 
sequences (96% or 89%) with SARS-CoV.13,14 Similarly, 
a coronavirus found in Malayan pangolins shared 98% 
similarity with SARS-CoV-2.15 This connection does not 
imply that a Pangolin or bat was bridged between the host 
and the virus. It is well known that coronaviruses can 
manage to use different mechanisms to achieve the jump 
to another species.

On the other hand, subsequent studies have shown that 
human-to-human cases were reported with no history of 
exposure to the market or visiting Wuhan. Germany, 
Japan, Vietnam, and the United States were among the 
countries that reported cases in patients who did not per-
sonally visit China, but contracted the virus.16 Controversy 
aside, some researchers continue to highlight circumstan-
tial evidence suggesting that SARS-CoV-2 is a candidate 
vaccine strain escaped from a laboratory in Wuhan, China 
when the COVID-19 SARS protein was inserted into 
a coronavirus to produce a more reactogenic vaccine.17 

Such an escape might have occurred via accidental infec-
tion of a lab worker who came into contact with the 
isolated virus, an infected lab animal, or animal waste. 
Concerned with intense debate regarding the exact origin 
of COVID-19, the WHO has launched its independent 
investigation towards the origin of the virus. With the 
exception, in most of the virus outbreaks, whatever is the 
intermediary host, the human-to-human transmission could 
be interrupted and the outbreak stops at some stage.12

Physiology of Host’s Susceptibility
Viruses must enter the cells of their hosts—which can be 
humans— as they are not self-sustained cellular entities 
that carry out metabolism and reproduce. Viruses com-
monly generate specific cellular proteins that interfere 
with the immune system to either stop a response or 
augment one as part of their pathogenicity. Researchers 
have learned that coronaviruses in the SARS family, 
including SARS-CoV-2, achieved entry by binding 
between the viral spikes and host receptors such as pro-
teins, carbohydrates, and lipids.18 The entry of the coro-
navirus family via specific receptors in endothelial cells of 
arterial and venous capillaries suppresses signaling path-
ways, particularly pattern recognition receptors (PRRs) 
such as Toll-like receptors (TLRs).19

TLRs have been dubbed the “eyes of the innate 
immune system” because these immune sensors recognize 
and bind with the unique, telltale pathogen markers, 

allowing the effector cells of the innate system to “see” 
pathogens as distinct from “self” cells. As a result of 
suppressing such signaling, could generate pro- 
thrombotic features that favor micro-and macro- 
thromboembolic events (stroke, infarction, myocarditis, 
and pericarditis).20

The spikes of the viruses contain a region that binds to 
the extracellular domain of angiotensin-converting 
enzyme-2 (ACE2) –– a functional receptor used by cor-
onaviruses, including SARS- CoV-2 for entry into the cells 
of a host.18,19 ACE2 is the only recognized human homo-
log of ACE which cleaves the inactive peptide angiotensin 
I (Ang-I) to the highly potent vasoconstrictor angiotensin 
II (Ang-II).21,22 The production of ANG II and the sub-
sequent binding of ANG II to its receptor are thought to 
increase blood pressure, inflammatory events, and fibrosis. 
Since its discovery in 2000, the researchers thought it 
would be similar to ACE and generate Ang-II. Despite 
their similar structure, however, ACE2 degrades Ang-II 
and in part, through its ability to convert angiotensin II to 
angiotensin 1–7 (Ang-(1–7)), it has been implicated in 
heart function, hypertension, and diabetes.23,24 The high 
incidence of cardiovascular symptoms caused by COVID- 
19 infection might be due to a high ratio of Ang-II to Ang- 
(1–7).25

The concern that has been raised by some physicians 
so far is whether blocking ACE2 could be one way to 
prevent SARS-CoV-2 virus infection. In concern, it has 
been proposed that whether human recombinant soluble 
ACE2 (hrsACE2) might be used in treating patients with 
COVID-19. The authors suggested that administering 
a hrsACE2 could trick the virus into binding with it, rather 
than actual ACE2 receptors. This could then protect endo-
genous receptors and allow them to continue to function in 
counterbalancing ACE, and, ideally, protect the lung and 
heart from damage during a viral infection.26

Clinical Manifestation of COVID-19
Symptoms
The symptoms are similar to those from other respiratory 
viruses, including fever, cough, and shortness of breath 
with radiographs showing invasive lesions in the lungs.18 

It has been reported that patients have severe hypoxemia, 
reduced lung compliance, elevated pulmonary dead space, 
and associated non-pulmonary organ failure. A pulmonary 
vascular injury that in turn related to blood clots (pro-
thrombotic), ranging from clotting of dialysis lines to 
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venous thrombosis to stroke seemed to be more character-
istic of COVID-19.27 This might be due to the suppression 
of signaling pathways by the entry of coronavirus family 
including SARS-CoV-2 which in turn could generate pro- 
thrombotic features which favor micro-and macro- 
thromboembolic events (stroke, infarction, myocarditis 
and pericarditis).

Frequency of Symptoms
To determine the order of occurrence of common symptoms 
of respiratory diseases, including COVID-19 a Markov 
Process was indicated. Eriksson et al defined Markov 
Process as a stochastic sequence of events in which the 
likelihood of the next state only depends on the current 
state rather than past or future states.28 Accordingly, the 
most likely order of occurrence of symptoms in COVID- 
19 are fever, cough, upper GI tract (ie nausea/vomiting) and 
lower GI tract (ie diarrhea). However, in SARS-CoV and 
MERS-CoV, the order was reported as fever, cough, lower 
GI tract (ie diarrhea), and then upper GI tract (ie nausea/ 
vomiting).29 It has been emphasized that diarrhea as an 
initial symptom indicates a more aggressive disease such 
as pneumonia or respiratory failure.30

Incubation Period
The time it takes for symptoms to appear after a person 
infected is known as the incubation period. COVID-19 
symptoms may appear in as few as 2 days and as long as 
14 days (estimated ranges vary from 2 to 10 days, 2 to 14 
days, and 10 to 14 days), during which the virus is con-
tagious but the patient does not display any symptom 
(asymptomatic transmission.30

Distinguishing Feature
One of the unique characteristics of coronavirus diseases 
(SARS-CoV, SARS-CoV-2, and MERS) in contrast with 
other viruses such as respiratory syncytial virus seems to 
have a milder course in children and youth than in adults, 
and the obvious question is why? In regard, several sug-
gestions have been put forward. For instance, the less 
maturity of ACE2 at a younger age and significantly 
higher levels of certain cytokines associated with the 
innate immune response.31

The Incidence and Severity of COVID-19
In the COVID-19 pandemic, “what are the risk factors for 
severe illness or death?” is the most emphasized 
question.32 The incidence and severity of COVID-19 

well correlate with men, older individuals and those with 
comorbidities and individuals with diabetes, cardiac dis-
ease, chronic respiratory disease, or obesity.33 This has 
been linked to higher density expression of ACE2 receptor 
and correlated with specific organ failures by correspond-
ing clinical parameters in SARS-CoV patients.33,34 To 
stage the seriousness of COVID-19, Modified Early 
Warning Score (MEWS), has been universally accepted. 
MEWS is based on clinical parameters: frequency of 
breath, pulse rate, systolic arterial pressure, hourly diur-
esis, body temperature, and the state of consciousness.35 

The MEWS indicates clinical manifestations of the disease 
by their stage of severity as follows:

Stage 1: Deviation of the frequency of breath, pulse 
rate, and systolic arterial pressure from the baseline and 
summated, giving the total score.

Stage 2: Dyspnea and/or radiologic signs of pneumonia
Stage 3: MEWS equal to and above three and/or blood 

oxygen saturation (SpO2) 90–92% are symptomatic for 
severe pneumonia and the risk of failure.

Stage 4: Acute respiratory distress syndrome with the 
ratio between the blood pressure of the oxygen (partial 
pressure of oxygen, PaO2) and the percentage of oxygen 
supplied (fraction of inspired oxygen, FiO2)] <300 and 
require respiratory support within the intensive therapy 
facilities.

Other supportive cares that have been given for 
severely ill patients involved close monitoring for signs 
of deterioration, conservative fluid management, giving 
antipyretics and/or analgesics, administering appropriate 
empirical therapy immediately (within an hour) of sepsis 
identification, and managing sepsis and septic shock by 
following sepsis guideline.36

Proposed Diagnostic Methods for 
COVID-19
There are many different methods for Clinical diagnosis of 
COVID-19 testing; commonly based on epidemiological 
history, clinical manifestations, and several auxiliary 
examinations, such as nucleic acid detection, CT scan, 
and immune detection technology.37 Reverse transcription- 
polymerase chain reaction (qRT-PCR), however, where 
specimens from both the upper respiratory tract (nasophar-
yngeal and oropharyngeal) and lower respiratory tract 
(expectorated sputum, endotracheal aspirate, or bronchoal-
veolar lavage) collected, are regarded as an efficient 
method for confirming the diagnosis in clinical cases of 
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COVID-19.38 As inclusion criterion for diagnosis, at least 
two symptoms (fever, respiratory symptoms, gastrointest-
inal symptoms or fatigue), combined with laboratory tests 
(normal or low white blood cell count, and increased 
c-reactive protein) and an abnormal chest x-ray have 
been used. While other infectious diseases, such as influ-
enza, should be excluded before the patients were diag-
nosed with COVID-19.39

Approaches to Curtail SARS-CoV-2
Suppression and Mitigation Approach
Researchers and scientists experienced about spread and 
aid recovery of the COVID-19 pandemic with a condition 
of great uncertainty. Circling the unknowns, inching 
toward truth through argument and experiment is how 
progress has been made (Table 2).40 However, with limited 
understanding of SARS-CoV-2, current attempts at con-
trolling SARS-CoV-2 spread are focused social measures 
that reduce rates of viral transmission in the community 
such as social distancing and self-isolation by sympto-
matic individuals.41 The effect of these measurements are 
broadly classified as an approach to suppress transmission 
and to mitigate devastating health impact. The suppressing 
approach aims are to reduce endogenous transmission.42 

Under this approach, the goal is to prevent subsequent 
propagation of virus through effective exposure of suscep-
tible hosts by maintaining control measures in place for 
certain periods. On the one hand, the mitigating approach 
aims to reduce the growth rate of the epidemic to ensure 
the disease burden does not overwhelm healthcare 
systems.43

Immunity Response and Immunity 
Passport
A timely, localized, and well-coordinated immune 
response presents the first line of physiological defense 
against SARS-CoV-2 infection. In brief, innate immune 
response involves leukocytes such as neutrophils, mono-
cytes, macrophages, eosinophils, mast cells, dendritic cells 
to recognize pathogen-associated molecular patterns 
(PAMPs) which in turn are recognized through pattern 
recognition receptors (PRRs).44 Upon recognition, the 
innate immune system activates cells to attack and to 
remove pathogens through phagocytosis and cytotoxicity 
mechanisms.45 However, viruses were highly adaptable 
and have developed ways to switch-off host defense. In 
such cases, viruses stop MHC molecules from getting to 

the cell surface to display viral peptides. Once there, they 
try to escape recognition through the enclosure of genetic 
material within capsules made of viral proteins and dis-
ruption of the transcription and translation inside the 
infected cells.46 Hence, viruses in the absence of cyto-
pathologic damage at the early stages of infection inhibit 
the induction of acute-phase protein response because 
early monocytes are not activated.47

One of the challenging clinical questions has been why 
some patients seem particularly susceptible while several 
other patients remain well and afebrile and yet carrying the 
virus. Unfortunately, there are no studies on the immune 
response in infected asymptomatic individuals, the new 
coronavirus seems to rely on early stealth, somehow 
delaying the launch of the innate immune system, and 
inhibiting the production of interferons—those molecules 
that initially block viral replication. It creates a brief time 
window in which the virus can replicate unnoticed before 
the alarm bells start sounding. Those delays cascade: If the 
innate branch is slow to mobilize, the adaptive branches 
will also lag.47

On the other hand, the hallmark of the adaptive 
immune system lies in its ability to develop immune 
memory enabling it to secret specific protective antibodies 

Table 2 Some of COVID-19 Known Unknowns

Factors Available information

NSAIDS 
eg Ibuprofen

► There is little evidence to suggest that 
NSAIDS such as Ibuprofen upregulates ACE2 

receptors.48,49 However, the existing literature 

does not currently provide conclusive evidence 
for or against the use of NSAIDs in the 

treatment of COVID-19 patients. 

►Caution should be exercised until further 
evidence, specific to this infection strain, 

emerges.

ACE-I or ARBs ► Data suggested that ACE2 expression 

upregulated in those treated with ACE-I or 

ARBs.48 With no conclusive pieces of evidence, 
it has been suggested for COVID-19 patients to 

remain on these antihypertensive medications.50

Susceptibility to 

COVID-19

► A study of single-cell transcription51 

suggested that the Asian populations are more 
likely affected than Caucasian and African 

American due to higher ACE-2 receptors 

density. But no further evidence has supported 
this investigation.

Abbreviations: NSAIDS, non-steroidal anti-inflammatory drugs; ACE, angiotensin- 
converting enzyme; ARBs, angiotensin receptor blockers.
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or immunoglobulins over long periods in the apparent 
absence of the infection.20 Immunoglobulins play an 
important role to point out both an ongoing infection (eg 
primary immune response) and a previously took place 
infection (eg secondary immune response).33 The rapid 
and augmented secondary response is due to the recruit-
ment of specific memory cells that arose during the devel-
opment of the initial clone, but did not mature into 
antibody-secreting plasma cells. These memory B cells 
can last decades, hiding out in lymph nodes, the spleen, 
bone marrow, and the lung, while some circulate in the 
blood. Upon re-infection by the same pathogen, they 
swing back into action, taking 2–4 days to differentiate 
into cells that secrete neutralizing antibodies.20

On the contrary, with a potential vaccine coming 
ahead, many governments are looking for paths out of 
restrictive physical distancing measures imposed to control 
the spread of SARS-CoV-2.52

As a consequence, at this point in the COVID-19 
pandemic, the use of immunity passports (risk-free certifi-
cate), which is digital or physical, documents that certify 
an individual at low risk of acquiring or transmitting 
SARS-CoV-2 have suggested.53 But, an individual might 
nevertheless carry the virus at similar levels, and for 
a similar duration, to those previously uninfected, with 
an unchanged potential for transmission.54,55 As with sea-
sonal coronaviruses, COVID-19 patients who have recov-
ered from infection have been found to develop antibodies 
between 6 and 15 days post disease.33,50 Despite limited 
information on the effect, some governments, including 
the UK, Estonia, Italy, and Chile have considered immu-
nity passport.53

Why Not Immunity Guarantee?
● Immunity to seasonal coronaviruses is usually rela-

tively short-lived. For instance, studies of survivors 
of the SARS-CoV epidemic showed that patients who 
were IgG positive were maintained in >90% of the 
patients for 2 years.56 However, another study 
reported that 6 years later after infection, SARS- 
CoV antibodies were not detected.57

● In many seasonal coronaviruses, an antibody 
response less correlates in individuals with the 
asymptomatic or mild disease than in those with 
severe disease.58

● Currently, we do not have evidence that indicates 
whether people who have recovered from COVID- 

19 and have antibodies are protected from a second 
infection.

Therefore, to know how long the protective immune 
response against SARS-CoV-2 will last, longitudinal ser-
ological studies that follow patients’ immunity over an 
extended period is required.

The Ethical Concern of Immunity 
Passport
There is much debate about the use of immunity passports in 
the response to the COVID-19 pandemic. One of the debat-
ing issues with immunity passport has been uncertainties 
relating to COVID-19 immunity, issues with testing (lack 
of timely access to laboratory test or vaccination), perverse 
incentives (to seek out infection), doubtful economic bene-
fits, privacy concerns, and discriminatory access.53 

Challenges relating to the implementation of immunity pass-
ports ought to be met with targeted solutions to maximize 
their benefit. However, individual-targeted policies predi-
cated on antibody testing, such as immunity passports, are 
not only impractical given these current gaps in knowledge 
and technical limitations but also pose considerable equita-
ble and legal concerns, even if such limitations are rectified.

Herd Immunity (or Community 
Immunity)
Herd immunity is one of the other strategies proposed by 
some governments looking for paths out of restrictive 
physical distancing measures imposed to control the 
spread of SARS-CoV-2. For example, a trial of imple-
menting this strategy without achieving an estimated pro-
portion of immune individuals for herd immunity 
threshold in the COVID-19 pandemic was done in the 
United Kingdom, but was not successful.59

A phenomenon called herd immunity is an extrapolated 
effect of an individual immunity mapped to entire host 
populations to prevent pathogen transmission dynamics 
and the success of vaccination campaigns for entire host 
populations.60 Herd immunity exists when a sufficient 
population have immunity (by vaccination, or natural 
infection) such that the likelihood of effective contact 
between infected and susceptible hosts is reduced.6

As a consequence, the first infectious individual simul-
taneously decreases the number of secondary cases gener-
ated by the primary case in a completely susceptible 
population. The central epidemiological questions are 
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thus: what proportion of the population should be vacci-
nated to achieve elimination (in a local program), eradica-
tion (in a global program), or a defined level of control? 
How is this affected by demographic factors (for example, 
gender?) What is the best age at which to immunize? How 
does mass immunization affect the age distribution of 
susceptible individuals particularly in those classes most 
at risk from serious disease? To answer these questions, 
we need to understand the variation in transmission 
dynamics and the acquisition of immunity by individuals 
in the population.

The concept of herd immunity proposed to reduce the 
risk of highly exposed populations such as health-care 
workers or individuals with frequent contact with 
customers.61 Besides, it also help to provide indirect pro-
tection for non- or under-vaccinated individuals in the 
community, such as the immunocompromised and immu-
nologically naïve or newborns by reducing the number of 
susceptible hosts to a level below the “herd immunity 
threshold” needed for transmission.62 In the simplest ana-
lysis, the herd immunity threshold is the critical proportion 
of the population that must be immunized to achieve the 
elimination of the epidemics.

For instance, vaccination of >80% of the population 
against smallpox in the late 1970s reduced transmission rates 
to the level of the virus eradication.63 Similarly, the success of 
child immunization programs for the control of measles and 
pertussis (92–96%), mumps (88–92%), and rubella (84–88%) 
in the Western Europe and the United States.64

Here is little evidence to suggest that a precise herd 
immunity threshold for SARS-CoV-2 might be achieved 
naturally before at least 50% of the population has become 
immune.65

A question that is often noted here is what it would 
take to achieve a threshold of population immunity. The 
WHO marked that programmed vaccination as a first step 
towards achieving vaccine-induced herd immunity and 
estimates to save up to 3 million lives each year worldwide 
from infectious diseases that pose significant global health 
and economic burdens.66 Naturally acquired protective 
immunity also helps to create herd immunity; however, it 
is necessary to achieve the social optimum such as indivi-
duals that are at risk of severe complications.65 But, most 
vaccines are suited for yielding the indirect effect of herd 
immunity to protect communities at large, particularly 
targeting highly vulnerable populations.65

A successful indirect effect of herd immunity, however, 
can be achieved when targeted vaccination and changes in 

epidemic cycles in response to vaccination is indicated. In 
concern, in the focus of vaccine development, some recent 
work suggests transmission-blocking vaccines rather dis-
ease-only blocking vaccines to maximize the safest 
outcomes.60

Vaccine-induced herd immunity is also an important 
concept of epidemic theory regarding:

● A subsidy to decrease the cash cost of vaccination,
● A nationwide public vaccination campaign to lower 

the psychological cost of vaccination, and
● To minimize the side-effects of vaccines.67

On the other hand, theory can define the level of vaccina-
tion coverage required for the prevention and elimination 
of epidemics, but success depends on:

● Socioeconomic status and universal access to afford-
able health.62,68

○ Individuals of lower socioeconomic status often 
forgo vaccinations due to accessibility reasons.

○ Besides, non-vaccinated and susceptible people 
facilitate transmission to others who lack accessi-
bility, thus breaking the protective barrier herd 
immunity provides.

● Social motivational issues and Public policy.69,70

○ As vaccines are in all likelihood to provide a safer 
option than the risk of serious disease arising from 
natural infection, but also they are almost invari-
ably carrying some risk to the individual and espe-
cially the lack of a long-term safety.65 Such 
concerns could spread more easily among people 
already suspicious of medical authority, including 
minority communities. For example, the history of 
medical experiments such as the infamous federal 
Tuskegee Study, which involved 600 black men 
and failed to treat that syphilis.71 However, there, 
was no evidence that researchers had informed 
them of the study or its real purpose. The men 
had been misled and had not been given all the 
facts required to provide informed consent. This 
indicates a need for effectively communication of 
the concept of vaccine and vaccine-induced herd 
immunity to counter anti-vaccination proponents 
through addressing the individual benefit (ie the 
more vaccinated people in your environment, the 
more likely you are protected without vaccination) 
and/or the social benefit (ie If many individuals are 
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vaccinated, the immune population will protect 
unvaccinated individuals).

Thus, to reach the goal of protection from disease and 
eradication of COVID-19 pandemic through vaccination, 
governments, scientists, and citizens of the world will have 
to commit resources equivalent to the diversity and abun-
dance of the pandemic we have been strangled to fight. 
Besides, such strategies decrease the probability of free- 
riding motives, in which individuals profit from the pro-
tection provided by a well-vaccinated society without 
contributing to herd immunity themselves.72

The Infeasibility of Herd Immunity
The estimate of herd immunity, however, has been relayed 
on several key assumptions that questioned its feasibility 
in the COVID-19 pandemic. A large percentage of the 
population will need to be immune against the disease 
(through infection or vaccination) before herd immunity 
will be achieved.

It is not known when that will happen, but it will 
depend on how many people develop immunity after 
COVID-19 infection, how soon a COVID-19 vaccine is 
available, how many vaccine doses will be available for 
distribution, and how many people get vaccinated. It is not 
yet known if having this disease confers immunity to 
future infection, and if so, for how long.

Heterogeneity and COVID-19
COVID-19 outbreak is impacting societies around the 
world in an unprecedented manner. Despite infection is 
assumed to spread within a homogeneously mixing com-
munity, not everyone, in every place, have been affected in 
the same way. While there has been no firm explanation, 
such disparity complications are thought to be induced by 
heterogeneity such as gender, age-group and behavioral 
factors.62 Hence, considering how the pandemic affects 
particular groups in the community will help raise the 
effectiveness of vaccine-induced herd immunity required 
to eliminate an infection.

Gendered Disparity
From the evidence of past epidemics, such as MERS-CoV, 
a higher disease occurrence, and death in men than in 
women was indicated.73 Besides, among SARS–CoV 
case data reported to WHO from 30 different countries 
and areas, there appear to be higher numbers of deaths in 

men.74,75 On the contrary, although data were limited so 
far, the International Health Regulations data show 
a relatively even distribution of COVID-19 infections 
between women and men (47% versus 51%, respectively), 
with some variations across age groups.76

Studies indicated that sex differences of humans and 
animals extend beyond their anatomical physical features 
to the physiological and metabolic traits that affect impor-
tant immune system functions, thereby predisposing males 
and females to respond differently to infectious diseases.73 

There is a growing body of evidence from the literature 
showing that antibody responses to viruses are consistently 
higher levels in females than males.77 Hormonal influ-
ences on the function of B lymphocytes have been quanti-
fied by analyzing immunoglobulin levels. For instance, 
studies indicated that estrogen enhances IgG and IgM 
production,78 while testosterone appears to inhibit in both 
males and females.79

The differences in the immune systems of males and 
females are also related to the expression of Y and 
X-linked genes. It is reported that there are disproportio-
nately more messenger RNAs located on the 
X chromosome than on any autosomal chromosome. 
Besides, as several immune-related genes are encoded on 
the X chromosome and there is some evidence of greater 
activation of X-linked genes in immune cells from females 
than males.80

Behavioral Characteristics
It is known that lifestyle habits play crucial roles in shap-
ing the health status of an individual. For instance, tobacco 
smoking is a known risk factor for many respiratory infec-
tions and increases the severity of respiratory diseases.81 

In this case, smoking can upregulate ACE2 that has been 
identified as a functional receptor used by coronaviruses 
for entry into the human cells, including SARS-CoV and 
COVID-19.18,19 ACE2 produces surfactant which reduces 
surface tension, thus preventing alveoli from collapsing, 
and hence are critical to the gas exchange function of the 
lung.82 In this regard, men are believed to partake in 
unhealthy habits (eg, alcohol and tobacco consumption) 
that are associated with developing chronic diseases. 
Studies have shown that smokers were also noted to 
have higher mortality in the previous MERS-CoV 
outbreak.83,84 Although the effects of smoking on Corona 
Virus Disease 2019 (COVID-19) are currently unknown, 
studies have indicated a higher rate of deaths in current 
and former smokers.85,86
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Age-Dependent Factors
Age-dependent mortality risk is estimated to be as high as 
0.48 for people older than 80 years.87 Recent numerical 
studies suggest that the male-to-female ratio for deaths 
was observed higher for 50–65 year-olds.88 Although 
data were limited so far, sex-disaggregated preliminary 
analysis of the data from the International Health 
Regulations shows a relatively even distribution of infec-
tions between women and men (47% versus 51%, respec-
tively), with some variations across age groups.89 Besides, 
based on shreds of evidence, COVID-19 cases have been 
less susceptible in children compared to adults regardless 
of gender differences.31 These predictions, however, must 
be accepted with caution at present. Because the observed 
data reporting in infection rates and deaths among late 
teenage and adult age groups may be artifacts arising 
probably from skewed case reporting.76,87 This might 
also since the relationship between age and clinical symp-
toms differ with comorbidities.87 Therefore, any sex- 
disaggregated interpretation across age groups and 
countries is better to be with great caution.

Public Health Challenges and 
COVID-19
To date the COVID-19 pandemic, in the era of a world 
controlled by technology, has had a strong impact on 
social and economic life, stretching from physical isolation 
and social distancing to the enhancement of global 
famines.37 Accordingly, real-time global statistics by 
Johns Hopkins Center for Systems Science and 
Engineering (CSSE), globally, as of 16 November 2020, 
there have been 54,075,995 confirmed cases of COVID- 
19, including 1,313,919 deaths.90

Despite these figures, confirmed cases and the death 
toll from COVID- 19 did not reflect official statistics and 
therefore, likely to be higher than the reported figures. 
Factors pointed as cause includes 1) lack of a countries 
test (eg People who have developed COVID-19 symptoms 
but have not been tested; 2) the asymptomatic phase of the 
disease has not been tested; 3) some countries may only 
count hospital deaths, while others have started to include 
deaths in homes or due to delays in reporting; 4) some 
countries report the daily number of tests; while others 
report the number of new people tested on each day.91

This distinction was important as people may be tested 
many times, and the number of tests a person is likely to 
vary across countries. Also, beyond the deaths of people, it 

was known that fear reduces human immunity and makes 
people susceptible to a wide range of diseases, and causes 
a high level of stress; often with longer-term 
consequences.92 COVID-19 was not only challenging glo-
bal health systems but testing our common humanity.

Moreover, the importance of community, both cultu-
rally and in the country’s development strategy made it 
hard to respect WHO recommendations on regular hand 
washing, social distancing, and avoiding crowded places 
in many parts of the world.93 Limited PPE resources, 
healthcare workers for SARS-CoV-2 testing, critical care 
beds and laboratory capacity have been being the most 
common challenges, particularly to Africa.94 For instance, 
Guinea-Bissau reportedly has no ventilators, while Malawi 
has 25 intensive-care-unit beds for a population of 
17 million.95 Corresponding figures for Ethiopia was 
a total of 557 mechanical ventilators and 570 intensive 
care unit (ICU) beds for a population of 110 million.96

Summary
In the process of reining COVID-19 through a vaccination 
program, an emphasis should be placed on policies that 
protect the most vulnerable individuals in the hopes that 
herd immunity will eventually be achieved as a process.

Data reporting variations in infection rates and deaths 
among women and men of different age groups probably 
skewed. Limited sex-disaggregated preliminary analysis of 
data from the International Health Regulations shows 
a relatively even distribution of infections between 
women and men (47% versus 51%, respectively), with 
some variations across age groups. As a result, the death 
of gender difference interpretation for COVID-19 across 
age groups and countries is suggested to be with great 
caution.

To reach the goal of protection from disease and era-
dication of COVID-19 pandemic through vaccination, 
governments, scientists, and citizens of the world will 
have to commit resources equivalent to the diversity and 
abundance of the pandemic we have been strangled to 
fight. COVID-19 has taught us that health is the basis of 
global wealth and international solidarity is an essential 
response and a superior approach to isolationism.

Hence, we must be clear about what the alternatives are 
when evaluating the merits of different ways of tackling 
this pandemic both in the short term as well as in the long 
term. In this review, the insights provided based on the 
results of recent articles about COVID-19 will help raise 
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the effectiveness of the treatment policies and preventive 
measures required to eliminate the COVID-19 pandemic.
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