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Abstract

Introduction: Herd immunity refers to developing immunity in individuals by acquiring natural immunity or
through vaccination. The Severe Acute Respiratory Syndrome-Corona Virus-2 (SARS-CoV-2) was first
reported in a city in China, Wuhan. Currently, no vaccines are available to treat and cure the Covid-19
pandemic.

Methods: Information was gathered from electronic databases such as PubMed and Google Scholar. These
articles were checked for relevance with recent articles and journals were included while older ones were
excluded. Data analysis was then performed using MS Excel and SPSS.

Results: Current epidemiological evidence suggests different countries have varying infection rates, therefore
varying rates of reproduction number. The current minimum threshold required for herd immunity currently
stands between 50-66.67%, although rates vary differently across the globe.

Conclusion: A vaccine development is anticipated to be critical in controlling the Covid-19. However, there
are several limitations, including changing and managing trends at the virus epitope, differences in the
reproduction number across different countries and varying geographical locations, underreporting of
infection rates across countries across the globe, and the varying infectious nature of the virus among the
demographic population. Regarding the presented information, the vaccine development would significantly

accelerate herd immunity and play a key role in managing the disease.
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Herd Immunity Concepts smallpox [1]. These diseases are viral, and human
The herd immunity model was founded on the beings are considered as reservoirs. Therefore, herd
premise that vaccines can be administered to protect ~immunity refers to population protection from

populations against specific diseases. e.g. polio and diseases by having certain individuals within a
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community with the immunity against disease [2].
Herd immunity demonstrates an equilibrium between
the microorganism and the people at risk [3].
Conceptually, it is a subset of the population with
acquired active immunity either through prophylactic
immunization or previous infection [4]. These patients
offer protection to the entire community by
significantly reducing the existing disease burden and

the rate of its spread to the remaining population [5].

Herd immunity remains the best practical approach
used in the fight against infectious disease, and it has
also been applied to other diseases, including rubella
[6], measles [7], and influenza [8]. The effectiveness
of herd immunity is dependent on four factors,
including vaccine safety and effectiveness, disease-
carrying substantial health risk, and high risk of
contracting the disease [7]. Within a population that is
considered to be naive, the pathogen is more likely to
propagate through the host in an unchecked manner

making more people infected. However, if the same
population has some form of immunity, there are
lower possibilities of significant contact between
susceptible and infected individuals since most hosts
have an immune system that cannot transmit the
pathogen [9]. If only a small section of an entire
population is susceptible while the remaining are
immunized, the pathogen will not spread successfully,
and consequently, a decline in prevalence rates will be
observed [10]. Such a point where the predisposed
number of victims’ drops below the transmission
threshold is referred to as herd immunity (Fig-1).

Covid-19 adheres to these principles, being that no
vaccine is considered as being safe and effective. The
herd
significantly limited by its highly infectious nature and

immunity application in Covid-19 is also
the high mortality rate, as presented in the graphs

below (Fig-2).
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Fig-1:
A). a closed population where the rate of infection is high to the point of the disease no longer spreading. B). Infection in
a naive population without immunity is successfully spread compared against unsuccessful transmission for immune
individuals [11].
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The mortality rate of Covid-19 across different age groups [12].
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Methods
Database Searches:

An electronic search was conducted across reputable
medical databanks, E.g. PubMed, and Google Scholar.
Elsevier, amongst other publishers, was also examined.
Keywords and Boolean operators used during the
search are “herd immunity,” “SARS-CoV-2”, “Covid-

» «

19”, “epidemiology,” AND “natural immunity.”
Article Screening:

The selected medical journals and articles were
checked to ensure they were relevant and contained
the required keywords before they were included.

Inclusion and Exclusion Criteria:

The criteria of inclusive only focused on articles and
journals published between 2019 and 2020, similar to
cases of studies and experiments conducted on COVID-
19. Included in the study were the modeling cases of
herd

evidence regarding the COVID-19 infections were

immunity. FEarlier studies and insufficient
excluded from the analysis.

Graphing Software:

MS Excel was suitable for creating tables, graphs,
and data analysis. However, SPSS was used in cases
that required detailed statistical analysis to examine

the relationship between various variables.

Results
Basic Reproductive Number and Herd Immunity:

The basic reproductive number is considered the

secondary cases a predisposed population generates
from an infectious individual [13]. Rt represents the
real-life productive number of any population. It is
utilized as an estimate of reproductive numbers during
changes in an epidemic [14]. An outbreak is considered
to continue if the Ro value is higher than one and ends
when the Ro value is below 1 [1]. The potential size of
any outbreak is therefore determined by the Ro value
size [1,13]. Ro also determines the specific population
segment that requires vaccination to eliminate rates of
infection. For instance, Ebola in Guinea had a Ro value
of 1.51 [15], while the Zika virus in South America had
a Ro value of 2.06 [16].

Hypothetically, if the multiplicative number is 4, it
means that on average, an individual infects four other
people during the infectious period provided that
immunity of the population has not developed

just yet. For the herd immunity to be attained,
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Fig-3:

The relationship between the basic reproductive
number (Ro) and herd immunity. A high Ro, gives a high
rate of herd immunity required in managing the infectious
disease.
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the formulae [1 - ], is normally

reproductive number
calculated. In the above context, the threshold for herd
immunity is 0.75 or 75% of a given population. Thus,
the more contagious a contagion is, the greater the
basic reproductive number and a higher probability
that the population will be immune to prevent
transmission. As in Fig-3 below, a rise in the
reproductive rate characterizes the rate of herd
immunity, whereas Fig-4 provides information about
the threshold immunity for different viral diseases.
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Fig-4:
Herd immunity rate for different infectious diseases.

The herd immunity required for Covid-19 is
approximately 0.50 to 0.80. Certain Diseases, E.g.
measles, and chickenpox have a higher threshold of
herd immunity as compared to Covid-19.

The Rt value for COVID-19 across different countries
was recently calculated depended on the infectious
nature of the disease as late as March 2020. The Ro
was initially estimated to range between 1.4 to 2.5 at
the onset of the outbreak [17]. However, subsequent
research reported higher values varying from 1.5 to
6.68, suggesting the mean value as 3.28 when the
median value was 2.7 [18]. The base value for
population immunity obtained either naturally or
through population immunity to halt the immunity
was provided. On the results presented below, the
multiplicative number was significantly high across
various countries (Table-1). However, the minimum
population required to

recover from granting

immunity, or the resulting herd immunity is
significantly high, showing that herd immunity was far

from being achieved in many countries [19].

Table-1: The reproductive number of different countries and the minimum threshold for immunity
.. . Minimum number of
. Population infected by Reproductive .
Study Countries . people required to recover
Covid-19 number . .
to confer immunity

Denmark 804 5.08 80.30%

Rt greater than 4
Finland 155 4.52 77.90%
Austria 504 3.97 74.80%

Rt between than 2-4
Portugal 996 3.74 73.30%
Australia 199 1.86 46.20%

Rt between than 1-2
Belgium 559 175 42.90%

The SARS-CoV-z2 Herd Immunity and Case
Fatality:

Growth and development of herd immunity are
dependent on the presence or absence of the vaccine
[20]. In the absence of a vaccine, the overall mortality

rate representing those who pass away due to

complications, and the fatality rate of infection
representing infected individuals must be considered
[21]. A combination of infection fatality rate and herd
immunity is commonly used to provide adequate
information regarding the mortality rate that may be

expected, especially where there is no vaccine [22,23].
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An elastic herd immunity of approximately 67% based
on a basic multiplicative number of a contagion fatality
in the death of
approximately 30 million people, as indicated in Fig-5

rate of 0.6% would result

below.

associated with SARS-Cov-2  Herd

Immunity:

Issues

Several issues emerge regarding herd immunity
with SARS-CoV-2. First, SARS-Cov-2 remains a novel
pathogen with numerous features not being fully
characterized [24,25]. Numerous features closely
related to viral infection, as well as its spread, are still
under consideration, and therefore, the current basic
reproductive number does not factor in the above
complexities [26,27]. Also, numerous differences exist
among population age structures, cultural behaviors,
population densities, and contact rates, which directly
affect the elementary reproduction number [28,29].
The present elementary number of reproduction does
not account for super spreading events that consist of a
sole individual having a significantly large number of
ancillary contacts and has been shown to drive
outbreaks of past diseases, including MERS [30].

Calculations regarding the minimum threshold
required for herd immunity for SARS-CoV-2 are
currently between 50% to 67%% [19]. However, the

threshold may be underreported, considering the
numerous asymptomatic incidences associated with
SARS-CoV-2. Also, a significant portion of people has
recovered since the last time studies were reported on
the minimum threshold of herd immunity [31,32].
Thus,
possibility that a substantially high population might

if numbers are underestimated, then a
require to be immunized against SARS-CoV-2 before
herd immunity is conferred [33]. Also, herd immunity
is not easy to attain uniformly across the entire globe,
considering the differences in levels of contagion and
recovery rates of individuals across the globe [34,35].
Individual differences in the elementary multiplicative
number have been reported in several regions within
the same country, with Italy being a case study where
the country’s northern area reported higher Ro than
the southern part [36]. The variation seen in the figure
of recovered populations across various regions
implies that the immediate control of the spread of the
virus would not be easy [37]. Countries that reported a
significantly lower level of infections may take a longer
time to attain herd immunity [38].

Current results on the protective immunity against
SARS-CoV-2 are undefined. Data concerning follow-up
studies from the SARS-CoV-2 infected persons can
already provide detailed responses to the immune.

Cohort studies indicate that specific antibodies against
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679%.

The total number of anticipated deaths if the contagion fatality rate applied is 0.6, and the herd immunity threshold is
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SARS-CoV and not SARS-CoV-2 produced T-cell
responses, which lasted past a decade, although the
protective effect remained unknown [39]. The span of
protective immunity for SARS-CoV-2 dictates the virus’
pandemic and post-pandemic transmission since
recent information has not indicated a lasting
protective effect against SARS-CoV-2 [40,41]. Antibody

responses against SARS-CoV-2 have not demonstrated

a sharp decrease in the viral load [42]. A rise in the
level of antibody titers is not accompanied by a decline
or clearance with the levels of viral RNA, particularly
for the more critical patients suggesting that the
antibody response being produced is not sufficient to
clear the virus as presented in Fig-6 [43]. Also,
based
conditions, including the specific age of a population,

antibody production differs on several

with younger people reporting higher antibody

individuals infected and recovered.

Higher antibody titers produced among middle-aged individuals and older individuals in comparison to younger

a ‘: 3 A production than older individuals, as presented in
. Fig-7 [44]. Similarly, high levels of CRP proteins are
:" also observed in SARS-CoV-2 patients [45,46].
= Lastly, the stability of the current viral epitopes may
" significantly change, resulting in mutants being
‘..“ . developed [47]. The infectious or lethal nature of
§ COVID-19 might significantly increase due to mutation
i events [48]. The latest COVID-19 mortality rate is
- 1 approximately the same as seasonal flu but not higher
c than the previous infections of SARS-CoV-2 and MERS-
g ] CoV [49,50]. A virus of a higher significant infection
g - rate affects the host more rapidly, resulting in death.
53 i Viral infections associated with fewer fatality levels
= permit the infected individual to initiate a resistant
d response resulting in selection pressure that allows the
Fig-6: evolution of mutants over time. Consequently, the
A) Antibody increase after week one of infection. B) No rising number of individuals recovering from COVID-
significant variations in levels of antibodies for the life- 19 might not attain herd immunity, especially when
tl?reatening and non-c'ritical patientf on 12 d(?ys.after the viruses mutate.
virus onset [42]. C) Difference that is substantial in the
virus level among acute and non-critical patients after 12
days.
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Summary
Herd
vulnerable individuals within a population by reducing

immunity is responsible for protecting
contacts between infected and healthy individuals.
Once the threshold of herd immunity is attained, herd
immunity takes action. No transmissions can occur
and hence a subsequent reduction in the number of
infected individuals. The scale of protection depends
on the epidemiology and immune features of a
population and should be taken into account to
eliminate widespread SARS-COV-2. Mass vaccinations
and natural immunization are important for enabling

individuals to build herd immunity.

Meta-Analysis

Significantly, the development of vaccines should be
properly analyzed. It involves four essential steps,
development of well-defined criteria before data
collection from several studies. Studies are assessed for
the prospect of being combined before generating
appropriate conclusions. The vaccine developed in this
meta-analysis should take into account immunogenic,
efficacy, and safety factors.

Conclusion and Recommendation

Herd immunity reduces the rate at which the
disease is spread and is commonly achieved either
naturally or through vaccination when individuals
recover from the infection. The herd immunity
effectiveness is dependent on several factors, including
the percentage of individuals who are immune,
stability of the viral epitopes in line with the duration
and efficiency of an immune response. The Growth
and development of herd immunity in managing
COVID-19 might be more difficult considering the
numerous factors indicated above. Research on the
protective effects of antibodies against the virus has
not indicated positive results. Significant differences
are also observed among various populations across
the entire globe, more specifically, critically ill and
Also, the estimated herd
immunity threshold is put at 50% to 67% when

non-critical. currently,
applied without a vaccine, which may significantly
result in the deaths of a million people. Immunity
against SARS-CoV-2 among all infected individuals is
not directly associated with total viral clearance,

and protective immunity is not entirely associated with

having the virus. Also, the virus nature allows for the
development of the mutant strains, which in time may
increase its lethality or infectious nature. Considering
the above factors, containing the current outbreak and
prevent the potential of further outbreaks, an

operative vaccine is urgently required.

Future Perspective

Further research is required to be done on the
fundamental value of herd immunity against SARS-
Cov-2. More research should also be focused on the
effect of the varying infection rates across different
countries
threshold. Also, future studies should be on identifying
factors that affect minimum threshold levels, such as

on attaining the required minimum

changes in virus mutations.
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