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The COVID-19 pandemic has been a global threat. Through rapid and effective
surveillance and control, the newly confirmed patients have been fluctuated at a very
low level and imported case explained most of them through March, 2020 to the
present, indicating China’s response has achieved a stage victory. By contrast, the
epidemic of COVID-19 in other countries out of China is bursting. Different countries are
adopting varied response strategy in terms of their public health system to prevent the
spread. Herd immunity has been a hot topic since the outbreak of COVID-19 pandemic.
Can it be a possible strategy to combat COVID-197 To fully interpret the knowledge
regarding the term upon the background of COVID-19-related health crisis, we aim to
systematically review the definition, describe the effective measures of acquiring herd
immunity, and discuss its feasibility in COVID-19 prevention. Findings from this review
would promote and strengthen the international cooperation and joint efforts when
confronting with COVID-19.
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INTRODUCTION

On March 11st, 2020, the world health organization (WHO) declared Coronavirus Disease 2019
(COVID-19) as a global pandemic. By 10am on August 30th, 217 countries or regions had reported
confirmed cases, with a total of more than 25,070,000 cases (World Health Organization, 2020b).
In early March, British Prime Minister Boris Johnson unveiled UK’s plan to tackle the COVID-
19 outbreak through four phases — Contain, Delay, Research and Mitigate. On March 12nd, the
Prime Minister announced that the country had switched from the “Contain” to “Delay” phase.
On March 13rd, Sir Patrick Vallance, the Government’s chief scientific adviser, mentioned “herd
immunity” and pointed out that passively waiting for “herd immunity” would lead to 60% of
the population infected with COVID-19. Ever since then, “herd immunity” was top searched
through the internet and remains to be a hot issue in debate. Even in April, Sweden’s chief
epidemiologist, Dr. Anders Tegnell, said Sweden was tackling the COVID-19 outbreak through
“herd immunity.” At approximately the same time, the United States and Australia were also under
public scrutiny over whether the two countries were adopting “herd immunity” strategy. The term
“herd immunity” has never been noticed by the general public before and this is unprecedented that
it comes into our sight. Here, we choose China, the United Kingdom, Sweden, the United States,
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and Australia as our settings, illustrating the theoretical basis
of “herd immunity;” and discuss its feasibility in the fight of
curtaining COVID-19 outbreak.

WHAT IS “HERD IMMUNITY”?

“Herd immunity,” as a concept in immunology, is used to
describe the resistance to the spread of a contagious disease
within a population or herd. The concept was first proposed
in Topley and Wilson (1923) in their publication named the
spread of bacterial infection: The problem of “herd immunity.”
Herd immunity only exists when a sufficiently high proportion of
the population generate immunity against the foreign pathogen
so that the probability of transmission between infected and
susceptible individuals is reduced (Smith, 2019). In other
words, it is becoming difficult for contagious disease to spread
between individuals if herd immunity exists as the chain of
transmission is broken and the susceptible individuals are
protected from infection.

In 1933, Dr. Arthur W. Hedrich, health official of Chicago,
Illinois, observed the phenomenon that the measles outbreak was
prevented after 68% of children were infected between 1900 and
1930 in Boston, Massachusetts (Fine, 1993). The number of cases
were kept to a low level after the measles vaccine was legalized
in 1964 and the second dose was inoculated till the late 1980s
(Figure 1; CDC, 1993; McNabb et al., 2007).

HOW TO ACHIEVE HERD IMMUNITY?

Herd immunity is based on individual immunity which refers to a
physiological function that the body’s immune system recognizes
and differentiates its own and alien substances and eliminates
the antigenic substances (such as bacteria and viruses) through
immune response to maintain health. It may be built up by
confronting a disease or infection in the past and recovering from
it. Immunity can also be induced by vaccination. Herd immunity
is usually achieved by vaccination (e.g., smallpox vaccine) or
by lots of people being infected with the contagious disease
(e.g., influenza).

COVID-19 AND HERD IMMUNITY
The History of Herd Immunity

There are many examples in human history of blocking or even
eliminating infectious diseases through herd immunity (Fine
etal.,, 2011). Smallpox is considered to be among the most deadly
infectious diseases human are generally prone to be infected.
Its spread in populations initiated for thousands of years from
ancient times to the recent human history (Theves et al., 2016). In
1979, smallpox was officially declared eradicated based on herd
immunity achieved by intensive vaccination campaigns (Lane,
2006). Similarly, rinderpest, a highly contagious disease, was
eradicated in 2011 through herd immunity in animals (Tounkara
and Nwankpa, 2017). Other ubiquitous diseases such as measles,
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FIGURE 1 | Measles cases in the United States from 1950 to 2004.

rubella, pertussis are not eradicated yet, herd immunity is
maintained by keeping the proportion immune above some
threshold to protect susceptible individuals (Black, 1982; Assaad,
1983; Fine et al, 2011). Up to now the number of cases were
kept in a low level (Adams et al., 2017). In 1988, the incidence of
measles in the United States fell to 1.3 cases per million following
the introduction of measles vaccines by initiating two measles
elimination efforts, and reemergence of indigenous transmission
in the United States finally disappeared since 2000 (Katz and
Hinman, 2004; Phadke et al., 2016) .After the whole-cell pertussis
vaccines were widely used into routine childhood immunization
in the mid- 1940s, there was a markable reduction in the pertussis
incidence, from 150,000 to 260,000 cases to a nadir of just 1010
cases in 1976 annually (CDC, 1922-2018; Phadke et al., 2016).

Possible Outcomes After Herd Immunity

Since there’s no approved vaccine for COVID-19 yet, the herd
immunity cannot be achieved by vaccination. If herd immunity
is derived from natural infection, what is the proportion of a
population that need to be immunized in order to achieve the
effect of protection? We can estimate this ratio based on the
basic infection number (Ry, the expected average number of
additional cases that one case will generate over the course of
its infectious period in an otherwise uninfected and generally
susceptible population) of COVID-19. The Rys of some common
vaccine-preventable contagious diseases are shown in Table 1
(Fine et al, 2018). Based on the formula of herd immunity
threshold (threshold = 1-1/Rg) (Fine et al., 2011), and the Ry
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TABLE 1 | Ry and threshold value of herd immunity of common
vaccine-preventable contagious diseases.

Disease Route of transmission Ro Herd immunity threshold
Diphtheria Saliva 6-7 83-85%
Measles Air borne 12-18 92-94%
Mumps Droplet spread 4-7 75-86%
Pertussis Droplet spread 12-17 80-94%
Poliomyelitis Fecal-oral transmission 5-7 50-95%
Rubella Droplet spread 5-7 83-85%
Smallpox Contact transmission 6-7 80-85%

of COVID-19 being 2.27 (Zhang et al., 2020), only when about
56% of population get specific immunity to SARS-CoV-2, then
transmission-blocking can be achieved with herd immunity.
Herd immunity in measles suggests the whole population is
protected from emerging infections when 90% or more are
immunized, whether by vaccination or recovery from natural
infection. However, in the case of COVID-19, there are two
outcomes when people get naturally infected - recovery and
death. It is unclear whether those who are cured are free of the
virus and exempted from the contagious, which indicates that the
percentage of infected people would be more than 60-70%.

According to an epidemiological analysis of COVID-19 in
China, COVID-19 can cause about 15% severe cases and a
2% death rate (World Health Organization., 2020a; Zhang
et al, 2020). Particularly, the projections above were based
on the existing data in China where the overall isolation and
the centralized allocation of medical resources of the whole
country are adopted. Without effective medical resources and
isolation interventions, natural infection may result in a more
severe mortality rate.

What will be the cost of the governments “herd immunity” or
“mitigate” strategy? A simulation study about the pandemic trend
by epidemiological model found that an estimated number of
510,000 British people will die if nothing is carried out, and about
250,000 British people would also die if mitigation measures were
maximized (Ferguson et al., 2020). The study predicted that the
peak in mortality would occur after 3 months and, given the
estimated Rg of 2.4, 81% of United Kingdom and United States
populations would be infected.

Herd Immunity Lessons From Other

Viruses

The length of duration of herd immunity was challenged by
immune senescence, and the breadth of duration was challenged
by antigenic diversity of a pathogen (Mallory et al., 2018). Over
time, the progressive loss of responsiveness to a pathogen and the
decreased antibody titer or cellular responses would result in loss
of immunity. In the early 21th century, measles infections peaked
in Chinese middle-aged adults after re-introduction of the wild-
type virus, who had been immunized by early-age vaccination
and then boosted with attenuated virus after a time interval (He
etal.,, 2013). And this phenomenon also occurred in South Korea
(Kang et al., 2017).

Generally, a viral species especially RNA viruses, consists of
multiple antigenically distinct variants resulted from antigenic
drift, antigenic shift, and recombination (Pica and Palese, 2013;
Payne, 2017). However, most RNA polymerases lack a proof-
reading function to solve it. It poses challenging obstacles in
eliciting broad immunity through vaccination with a single
serotype of attenuated virus, as evidenced by Norovirus (Debbink
et al, 2014), dengue (Midgley et al, 2011), and influenza
(Wu et al,, 2017). Moreover, vaccination with a single serotype
may increase the severity of a secondary infection, which ever
occurred in Dengue virus with four serotypes (de Alwis et al.,
2014). Similarly, vaccination with the bivalent HPV vaccine
caused decline in the prevalence of HPV types 16 and 18 and
cross-protection against non-vaccine types HPV 31, 33, and 45,
but increased prevalence of non-vaccine, non-cross-protective
HPV types (Brisson et al., 2016; Cameron et al., 2016; Ribeiro
et al., 2020).

Being a Threat to the World

We are now living in an era of “the global village” with constant
flux of large populations. There will be an “Immunity gap” if
the majority of people gain antiviral immunity to SARS-CoV-2
in particular countries by natural infection but not in the other
countries. Once the solid growth of economy is restored and
traffic controls are lifted, there might be large-scale international
transmissions with unsatisfactory outcomes. For example, in
the early 16th century, the smallpox virus ever killed 3 million
Indians who had never been exposed to it after it was introduced
to America by European colonists who had been immunized
against the smallpox virus (Eyler, 2003).

Besides, taking measles as another example, measles epidemics
continues to occur even when the measles vaccine is widespread
(Smiianov et al, 2019). In 2008, an unvaccinated 7-year-old
boy contracted measles and infected 11 children, after returning
home from a family vacation in Switzerland to San Diego,
a city with a 95% measles vaccination rate (Sugerman et al,
2010). That proportion, by the concept of herd immunity,
should be enough to keep measles at bay and protect those
unvaccinated. This outbreak is mainly due to failure to vaccinate
and importation of cases (Haralambieva et al., 2019). In fact,
although the average vaccination rate may be high across the
county, it varied locally. Rates in some neighborhoods may be
far below the necessary threshold to achieve herd immunity
(Peeples, 2019). Various studies have estimated that 2-10%
of individuals vaccinated against measles may not develop
immunity, allowing a gradual accumulation of susceptible
individuals to infection and subsequently outbreaks (Poland
and Jacobson, 1994; Haralambieval, Ovsyannikova et al., 2011;
Whitaker and Poland, 2014; Haralambieva et al., 2015). Since the
mobility of individuals with measles across global, it is hard to
avoid imported infections.

The epidemics above can be addressed by vaccinating and
treating patients. But now there’s no approved vaccine for
COVID-19, many people will inevitably die once the emergence
of an epidemic occurs. The total number of imported cases of
COVID-19 in China reached 2482 as that of August 30th, which
poses a threat to the country.

Frontiers in Cell and Developmental Biology | www.frontiersin.org

September 2020 | Volume 8 | Article 547314


https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Xia et al.

Herd Immunity

80000
70000 -
e
60000 -
- /
(] .
T 50000 - .
g / Australia
" x .
& 0000 / - - USA
8 .
2 30000 - P 7 - = Sweden
[] . . .
c P ~
20000 - . essses UK
/
10000 o
0 . ‘..o." . ‘.'_an._. .
Feb 1st, March April 1st, May 1st, June 1st, July 1st, August
2020 1st, 2020 2020 2020 2020 2020 1st, 2020
6000 -
5000 - P!
> .... ...
S 4000 - : .
@ Y A
Q. : ..
@ 3000 - K . Australia
N : .
s : . = == Sweden
@ 2000 -+ K .
< i . sssses UK
1000 o
.. - - -~ ) emgct” .
. - -~ - =
. - -
0 ' S T T Y T )
Feb 1st, March April 1st, May 1st, June 1st, July 1st, August
2020 1st, 2020 2020 2020 2020 2020 1st, 2020
FIGURE 2 | Newly reported cases in last 6 months of United Kingdom, Sweden, United States, and Australia.

Potential Risk of Virus Mutation

To survive and escape the herd immunity, the virus may fight
by gene mutation and then the original immune system won’t
recognize the mutated virus and the herd immunity will thus
be ineffective. In this case the viruses can be divided into
two categories - DNA and RNA viruses. DNA viruses are
stable with low possibility of mutation while RNA viruses are
unstable and prone to mutate (Gelderblom, 1996). The SARS-
CoV-2 is an RNA virus with a high potential risk of mutation
(Phan, 2020). Homologous recombination may result in the
cross-species transmission of SARS-CoV-2 (Ji et al, 2020).
Population genetic analysis of 103 SARS-CoV-2 genomes showed
that SARS-CoV-2 could be categorized into two major types:
L and S. The S type was relatively an ancestral version while
the L type was found to be more prevalent than S type in
the early stage of the outbreak in Wuhan. Besides, 149 sites
across 103 sequenced strains were identified (Tang et al., 2020).
Recently, a phylogenetic analysis based on 377 complete genomic
sequences of the SARS-COV-2 suggested that the virus was
actively evolving in human hosts from December 2019 to March
2020 (Li et al., 2020). The highly frequent mutations resulted in

at least 5 differentiated SARS-CoV-2 strains and are predicted
to enhance the virulence and transmission (Singh et al., 2020;
Wang et al., 2020). However, this is a relatively small number of
mutations passed through over 300,000 people. At this point, it
is still believed that the mutation rate remains low. The analysis
from existing study showed that the polyprotein lab(pplab),
the largest protein of coronaviruses, hadn’t changed in most
isolates during the outbreak (Cdrdenas-Conejo et al., 2020).
In addition, the critical mechanism for SARS-CoV-2 infection
is through S protein binding to the human ACE2 (Lu et al,
2020), and there is no evidence that the binding site of S
protein was mutated. Thus the SARS-CoV-2 should be relatively
genomically stable.

Epidemiology of COVID-19 in the
United Kingdom, Sweden, the
United States, and Australia
United Kingdom

The first two cases were confirmed in the United Kingdom on
31 January, 2020. One of them is an international student at
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York University and the other is the relative of the student. On
March 6th, the number of covid-19 cases in the United Kingdom
showed a rapid increase, and the number of new cases in a single
day broke new record, reaching 36, with a total of 87 confirmed
cases. United Kingdom was the first country that mentioned
“herd immunity,” but in fact United Kingdom did not adopt
“herd immunity” as their strategy against the virus. At present,
the total number of confirmed cases in the United Kingdom got
stabilized and the outbreak has shown a controllable trend. As
of August 30st, 2020, the total number of COVID-19 infections
in the United Kingdom reached 334,915. The total number of
deaths is 41585.

Sweden

The epidemic in Sweden has come under an intense scrutiny
since April, when the country’s chief epidemiologist, Dr. Anders
Tegnell, announced the country was adopting “herd immunity”
to fight against the COVID-19 outbreak. In Sweden, from 31
January to 30 August 2020, there have been 87,072 confirmed
cases of COVID-19, along with 5,821 deaths. The number of
newly infected cases has become decreased in June but surged
again in July. Sweden’s death toll is more than three times than
that of it’s neighbors, Denmark, Finland, and Norway, combined,
where lockdown was adopted.

us

Due to the negative response to fight against COVID-19, the
epidemic situation in United States had attracted global attention
and more and more people began to doubt whether they are
adopting “herd immunity” as response strategy or not. Based
on the monitoring data of COVID-19 from WHO, we observed
that the cases newly infected in the United States has been
decreased in June but went up in July, which should be related
to the economy reactivation. Currently, the United States has the
highest number of confirmed cases in the world, with the huge
number of new cases every day.

Australia

Similarly, Australia was also exposed to public scrutiny whether
they had adopted “herd immunity”. From the WHO data we can
see that the cases newly infected in Australia went up again after
complete suppression.

It seems like a risky move to adopt herd immunity as a national
strategy. And honestly, Figure 2 shows that herd immunity
doesn’t seem to be working. In contrast, United Kingdom, has
been witnessing newly infected cases decreasing since May as a
result of adopting positive measures against COVID-19.

DISCUSSION

Herd immunity can be safely achieved only if it is actively
obtained through vaccination. It is not desirable or feasible
to achieve herd immunity through natural infection
of the population.

To combat with the pandemic of COVID-19, the Chinese
government put people’s life and health above everything
else by taking the most proactive and decisive measures and

provided valuable successful experiences for the global “anti-
pandemic” battle, such as differentiated isolation strategies and
clinical treatments according to different symptoms. In fact,
United Kingdom did not adopt “herd immunity” as their strategy
against the virus.

We are pious toward our history in order to stay alert and take
effective action if needed. COVID-19, SARS and MERS-CoV all
belong to human coronaviruses but COVID-19 has caused more
deaths than combination of the other two despite the fact that
COVID-19 has a lower fatality rate (Mahase, 2020). The history
of combating with SARS as well as MERS-CoV has provided
much valuable information on the COVID-19 pandemic control.
Epidemiological research helps unveil some traits of the viruses
but yet there are so many questions remain unanswered.

Figure 3 shows the schematic flow diagram of virus
transmission within a population. Susceptible individuals, first
become infected and then enter into a latent class, L. They can
then progress to a short asymptomatic and potentially infectious
stage, I, before the onset of symptoms and the progression to
class Y. This diagram assumes that every infected individual
eventually goes to hospital and either recovers(HR) or dies(HD)
(Riley et al., 2003).

A review on MERS-CoV raised a set of unanswered questions
concerning an emerging virus outbreak, such as: the exact routes
of the transmission and the incubation period. We don’t know
yet whether the virus can cause mild and unrecognized diseases
and it is also possible that what is reported only represents the
tip of an iceberg. The same questions also exist with COVID-19
(Al-Tawfiq, 2013).

However, the strict isolation strategy adopted by China was
proved to be effective in the fight against the COVID-19 outbreak.
Although the epidemic is currently recurring in some cities at

Susceptibles

(S)

Infected Asymptomatic Symptomatic and
but not infectious [ butinfectious |_| infectious
U] )
Hospitalized and Hospitalized and

eventually dies recovers

(Ho) (HR)
Recovers and

leaves

FIGURE 3 | Schematic flow diagram of SARS transmission within a
population (Riley et al., 2003).
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present, all of them are within controllable range. The result
of South Korea’s fight against the epidemic also confirmed the
effectiveness of the isolation strategy.

In contrast, India has not implemented strict isolation
interventions. Since May, the number of new cases per day has
continued to increase, even reaching to 70,000. Currently, the
total number of cases reached to 3.4 million, ranking third in
the world. The same situation also occurs in Brazil and Mexico,
which rank second and eighth globally in total cases.

Iran and Iraq had already controlled the epidemic through
strict isolation strategy in the early stage. Recently, due to
deregulation and imported cases, the epidemic rebounded again
and started to get a little out of control.

Taken together, before the emergence of vaccines, isolation is
the best and most effective way to fight against the pandemic.
The COVID-19 pandemic has been a global public health event,
and no country can survive alone. We need to prepare for long-
term battles, emphasizing adopting strict isolation measures in
severe countries, and resuming work and production without
deregulation in countries where the epidemic has improved.
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