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The bumpy road to achieve herd immunity in COVID-19
Monica Neagu

Immunology Laboratory, Victor Babes National Institute of Pathology, Bucharest, Romania; Pathology 
Department, Colentina Clinical Hospital, Bucharest, Romania

ABSTRACT
Herd immunity is a form of indirect protection that is offered to 
the community when a large proportion of individuals con-
tained in the community are immune to a certain infection. 
This immunity can be due to vaccination or to the recovery post- 
disease. Effective herd immunity in SARS-CoV-2 infection has 
several hurdles upon achievement. Herd immunity cannot be 
obtained concomitantly in many geographical areas because 
the areas have different population density and the societal 
measures to contain the spreading are different. A proportion 
of 50–66% of the population needs to be immunized naturally 
or artificially in this SARS-Cov2 pandemic and this percentage is 
not easily achievable. The duration of herd immunity is another 
issue while information on the long-term immune response 
against SARS-CoV2 is yet scarce. Epitope stability, another 
issue to be solved when achieving herd immunity, is important. 
Mutation in the viral structure will call upon other sets of neu-
tralizing antibodies and hence for other herd immunity type 
installment. The societal tactics to achieve the much-needed 
herd immunity should be developed keeping in mind the wel-
fare of the population. Without being exhaustive, throughout 
our paper we will elaborate on each of the hurdles encountered 
in developing herd immunity to SARS-Cov2 infection.
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Introduction

The history of the pandemic we are facing today begins 15 years ago, when 
SARS-CoV determined the major pandemic of the new millennium.[1–3] The 
rapid economic growth of China increased the demand for food and impli-
citly, exotic animal consumption. Simultaneously, the lack of bio-security 
measures in markets favored the passage of this new virus to humans.[4,5] 

The viral infection spread quickly due to lack of intra-hospital infection 
control and international travel. Fifteen years ago, 8,000 persons were infected 
and the infection had a 10% mortality rate. In a few months SARS-CoV was 
detected in several countries and the beginning of 2003 was facing a pandemic 
that was equaled only by the last known plague. By the end of 2003, when 
markets in China were re-opening, the virus quickly reemerged. The studies 
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that followed the SARS-CoV pandemic have shown that a very similar virus 
was identified in horseshoe bats (Rhinolophus ferrumequinum). This type of 
bat has an extended range, from the south of UK to China and Japan, and 
extended to North Africa. Moreover, researchers pointed out this virus can 
gain mutations favoring human infection.[6–9] Therefore, a paper published in 
2007 highlighted that the viral reservoir in horseshoe bats coupled with some 
culinary habits in East Asia represents a “biological bomb” that we have to 
prepare for in the future years.[10] Nevertheless this clear warning did not 
resonate, so after 15 years from SARS-CoV epidemic we are facing now the 
largest pandemic after the Spanish flu in 1918, with over 21 millions of infected 
persons and over 750,000 deaths worldwide.[11]

In this current pandemic, there are several issues that need to be 
clarified: how dangerous is this infection, what co-morbidities favor 
a clinical bad outcome, how long the immunological memory lasts, what 
are the best therapies and how the world will cope with a long-lasting 
pandemic. To the question of how dangerous this virus is, the medical 
world still has to answer. Thus, from the clinical cases that are reported 
worldwide, SARS-Cov2 virus is highly pathogenic along with other viruses 
such as SARS, MERS, Yellow fever, Polio virus, West Nile virus, rabies 
virus, hepatitis viruses B, C, D and E, HTLV1 and HTLV2 and last, but 
not the least HIV.[12] As the virus is highly pathogenic, research is seeking 
the best way to protect the public from this infectious disease. Within 
community protection, acquiring herd immunity or community immunity 
is one of the modalities to stop spreading the disease.

Without being exhaustive we will revise some of the issues that are related to 
the herd immunity acquirement in the current pandemic.

Herd immunity outlines

Herd or community immunity is established when a large part of the 
population within an area becomes immune to a specific disease and the 
infectious agent will stop spreading. As not each single individual is 
immune to the infection, the population as a whole offers protection. 
This happens because, proportionally there will fewer high-risk indivi-
duals in the entire population. Therefore, the infection rates decrease, and 
the disease gradually fades out. Herd immunity would protect at-risk 
individuals, like very young, very old or individuals that have a low 
immune response due to co-morbidities. Herd immunity can be achieved 
naturally by recovering after the disease or artificially through vaccination. 
After infection and recovery, the immunological memory will be sustained 
by memory immune clones that, if subsequent exposure to the same 
antigen occurs, will expand and protect the individual from the same 
infection. For example, the Zika virus outbreak in Brazil stopped because 
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after 2 years, 63% of the population was exposed to the virus and hence 
herd immunity was reached in the population.[13] The artificial way to 
obtain herd immunity is vaccination and probably the most used example 
is the elimination of poliomyelitis virus spread due vaccination.[14]

The percentage needed for a community to reach herd immunity 
depends on the basic reproduction number (R0). R0 describes the average 
number of people that a single-infected person can infect nonimmune 
people. The higher the R0, the more people need to be resistant to reach 
herd immunity.[15] For example, for a R0 less than one, the infectious 
disease spread will die out on its own.[16] The 1918 Spanish flu pandemic 
that spread to one third of world’s population and had a death toll of 
50 million had an R0 of 1.8.[17] For SARS-Cov2, it was calculated that R0 
is in the range of 2–3.[18] Therefore, for these numbers a range of 50–67% 
of the population must be resistant so that herd immunity acquirement 
would drop the infection rates.[19] A graphical outline of how the herd 
immunity can stop an infectious disease spread is presented in Figure 1. 
Vaccination is a way to stop infectious diseases and this endeavor to build 
herd immunity was verified in many other infectious diseases.[20]

Deciphering populational immunity in different regions and countries for 
this type of infection, we must gather information on population heterogene-
ity, transmission and the accumulation of herd immunity.[21] Nevertheless, 
there are still many hurdles in achieving a proper efficient vaccine against the 
COVID-19 disease.

Figure 1. Herd immunity in infectious diseases. Disease spreads rapidly in non-immunized 
community. If there are few immunized individuals the disease will spread sparing the immunized 
ones. If the community contains around 64% immunized individuals the disease will not spread to 
the susceptible ones and finally the virus spread will reduce.
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Challenges in developing herd immunity to SARS-CoV2 infection

There are several hurdles in fighting SARS-Cov2 infection and moreover in 
establishing the intended herd immunity. First, it is an unknown or less known 
infection within the coronavirus family. Being new in humans, everyone is 
susceptible to infection now as there is no existing immunity to build on. Thus, 
as previously shown, the percentage of humans that are immunized one way or 
the other is important. Another issue is that even after recovering from 
infection, it is unknown how long the protection will be conferred or how 
long the immunological memory will last or more specifically how long the 
herd immunity is in action for that matter. The last, and as well important in 
establishing good and protective herd immunity, is the stability of the viral 
epitopes.[22]

Immunological memory sustaining long-term herd immunity

T lymphocytes are involved in the early identification and further clearance of 
viral infections. Moreover, T-cells support the development of antibodies 
secreted by mature B lymphocytes. These are several reasons why recent 
studies in SARS-CoV-2 infection focus on T cell involvement in the immune 
response. For patients recovering from SARS-CoV and Middle East 
Respiratory Syndrome (MERS)-CoV it was reported that T-cell responses 
persist for more than ten years but with unknown protective efficacy.[23] If 
we are facing a similar immunological pattern, long-term immunity in SARS- 
CoV-2, although IgG titers and memory B-cells may decline, memory T-cells 
could sustain a future immune response.[24] A recent study published by 
a large group using two high-throughput immune profiling methods investi-
gated T-cell response to SARS-CoV-2. It was shown that CD8 T-cell responses 
are initiated by a few immunodominant HLA-restricted epitopes. Specific 
T-cell response has a peak around 2 weeks post-infection and it is still 
detectable for several months. This data aids the route toward effective vaccine 
development.[25]

More data will emerge in the post-pandemic period when the duration 
of effective immunity will be challenged. If the specific immunity is 
transient, the virus will lead to biennial/annual outbreaks entering a five 
years cycle. If the immunity is permanent this biannual/annual circulation 
will stop.[26]

Seroconversion (seronegative to seropositive conversion) can be inefficient 
to neutralize viral particles. Wolfel et al. have published this year that sero-
conversion did not decline the viral load in sputum and antibody titers were 
not matching the clinical course of patients.[27] Moreover, virus clearance is 
not entirely dependent on the antibody response, especially in severe cases.[28] 

The neutralizing antibodies titers are significantly higher in middle-aged and 
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elderly individuals compared to young individuals. The titer positively corre-
lated with plasma CRP levels but negatively with the lymphocyte counts 
indicating an association between humoral response and cellular immune 
response.[29] Therefore, it is still unknown if all recovered patients will have 
an adequate antibody response to the infection. The course of infection still 
lacks information. For example, patients that were discharged as cured were 
readmitted after 19 days,[30] or after two consecutive negative reverse tran-
scription-polymerase chain reaction test results, reemerged with positive 
results after 5 and 13 days later, suggesting viral shedding.[31] These reports 
highlight that actual data regarding the course of infection in individuals are 
still to be gathered.

Stability of viral epitopes

An immune response established against certain viral epitopes will recognize 
the same epitopes upon re-infection. If the virus is subjected to mutations that 
are not cross-reactive with the ones prior generated, then the immune system 
will not have memory cells for them. The stability of viral epitopes is another 
concern in establishing herd immunity, as several reports show SARS-CoV-2 
strains mutated.[32] Interesting is that opposite to viruses with high fatality 
rate, infections with low fatality rates induce in the infected host an immune 
response that drives the virus to mutations in order toincrease its resistance to 
the immune attack. This effect would create individuals that have recovered 
and developed good immune response but overall the population immunity 
cannot be built as significant percentage as the virus continues to mutate and 
individual immunity is adapting to new viral epitopes. Thus, herd immunity 
would consist of several types of immunity against various mutated strains.[33]

The SARS-CoV-2 strain that carries the Spike protein amino acid D614 is 
the most prevalent strain. But at multiple geographic levels a pattern with 
G614 mutation is continuously increasing. The shift suggests that the G614 
mutated strain has some advantages in comparison to the initial D614 strain. 
G614 strain associates with lower RT-PCR cycle thresholds, meaning higher 
upper respiratory tract viral loads, nevertheless without an increased disease 
severity.[34] The immune system tries to overcome the known genetic mod-
ification of the virus by developing multiple antibodies with various specifi-
cities. Recently it was shown that from convalescent plasma, 19 types of 
neutralizing antibodies could be isolated. These antibodies target multiple 
antigenic sites on the S protein of SARS-CoV-2 virus. The infection would 
trigger high-affinity and cross-reactive antibodies targeting the receptor- 
binding domain (RBD) and other sites on the S protein. From different 
sources, the potent neutralizing antibodies have VH segments identical to 
their germline origin, so that in case of vaccine development, extensive affinity 
maturation is not a mandatory requirement for neutralization capacity. The 
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neutralization capacity of these antibodies is higher than of the most advanced 
HIV-1 and Ebola antibodies that are under evaluation.[35] Zhou et al. has 
found similar results from convalescent plasma, namely a neutralizing anti-
body for SARS-CoV-2 cross-reacting with SARS-CoV-1. This antibody binds 
RBD and cryo electron microscopy has shown that the spike protein binds 
three Fab regions and two further multimeric forms containing the destabi-
lized spike. This antibody has probably a major neutralizing function, impor-
tant in COVID-19 therapy.[36]

There are multiple antigenic RBD sites that are specific for SARS-CoV-2 
and moreover there are additional non-RBD sites on the S protein of SARS- 
CoV and MERS-CoV,[37] therefore guided vaccine can be effective in COVID- 
19 prevention and treatment.[38]

The road to achieve herd immunity – countries’ experience

Probably the road to achieve herd immunity will not be identical in different 
geographical areas for a plentiful of reasons. The proportion of SARS-CoV 
-2-infected individuals within a population differs significantly between coun-
tries and between regions of the same country. In Italy, there was a notable 
gradient of infection from North to the South of Italy[39] The same gradient is 
reported in USA from the North (Montana) to the South (California and 
New York State).[40] This gradient of infection means that even if herd 
immunity is reached in one region the spread of the virus will continue in 
other regions. Countries which have a low infection rate will need longer time 
to reach herd immunity.[24]

This topic was debated not only at research level but as well as government 
level with diverse implemented measures. While some of the countries fol-
lowed the path to naturally occurring herd immunity, an option that worried 
the health care systems,[,41,42] other were more cautious in letting the virus 
spread freely.[43] Brett and Rohani[43] have shown that balancing between 
disease suppression and overwhelming hospitals, herd immunity is the pri-
mary objective. Thus, social distancing measures can be gradually relaxed and 
sustained for a longer period. Reaching herd immunity and counting the 
proportion of cases hospitalized,[44] the fine-tuning of social distancing mea-
sures and their span in time will depend on the availability of health care 
system. The model designed by Verity et al.[44] shows that the duration of 
achieving herd immunity depends on the health care availability, for example 
with 1.5 hospital beds per 1000 people, 6 months is necessary for herd 
immunity establishment. Another figure that needs to be considered is the 
number of hospitalization days. If a figure of 12.8 days[45] or 22–24 days[46] 

would induce a diminishing of R0 value below 1.3 to not exceed hospital 
capability and, in these conditions herd immunity would be achieved after 
300 days of keeping normal restriction measures. Another epidemiological 
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factor relates to age-related transmission. There are studies that show children 
are at similar risk of infection as adults[47] while other show the 15–34 age 
group is driving SARS-CoV-2 transmission.[48] Another epidemiologically 
related question refers to the seasonality of the infection. Other coronaviruses, 
HCoV-OC43 and HCoVHKU1, cause annual outbreaks in wintertime mainly 
in temperate regions,[49] thus it is highly probable that seasonality will also 
characterize SARS-CoV-2 circulation.[26] Knowledge of SARS-Cov2 seasonal-
ity is lacking, but if it will have the same pattern as the related coronaviruses, 
the outbreak will overlap with ongoing schools/universities attendance. Thus, 
social distancing and any other social measures will have low impact in 
controlling the spread. Therefore, additional variability is added that will 
block herd immunity achievement.[26] Issues regarding the modeling pro-
posed in published studies for achieving herd immunity, the duration and 
effectiveness of the specific immune response still remain unknown. If there 
are chances that individuals that had active infection and had built immunity 
can get re-infected, then there are reduced chances to achieve herd immunity 
via natural infection.[26]

With each individual that is recovered from the Covid-19 disease the 
percentage to achieve herd immunity increases. Although there are cases of re- 
infection or possible re-infection,[,30,31,50] concerns remain that the majority of 
the recovered population will not be re-infected within 3 months. Although 
a person may be re-infected with the circulating virus it is more likely that 
a person will be infected with a mutated strain. SARS-CoV-2 recovered 
individuals can induce a selection of mutant viruses, and further spread it in 
the community.[33] Future outbreaks and/or seasonal outbreaks will directly 
depend on the long-lasting immune memory and by the cross-reactivity with 
any mutant virus that may emerge. Populational kinetics of specific immunity 
need to be thoroughly investigated considering specific antibodies but as well 
T and B memory lymphocytes. Although mass longitudinal immunity testing 
is necessary, it is difficult to achieve in various regions and countries due to 
lack of funding, lack of standard tests and possibly, lack of willingness. These 
kinetics immunity tests would provide invaluable information on the immu-
nity through time to this specific viral infection.[51]

Countries like Italy, France and Spain were facing troubling numbers by 
end of March 2020. Germany, with a robust health care system, imposed 
measures that prevented the overload of the system. In contrast, Sweden has 
chosen to combine a government response with instilling a sense of individual 
responsibility. The economic impact of these measures would be less severe 
compared to other countries and the herd immunity goal would be quickly 
achieved. In Sweden, it was predicted that with such measures in May 2020 
seroconversion would reach a 40% in Stockholm. The results were that IgG 
seroprevalence was around only 15%.[52] Orlowski and Goldsmith have stated 
that the earliest conclusions on the best herd immunity national tactics could 
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be done only after 1–2 years.[52] Spain with its lockdown tactics reached just 
a 5% seroprevalence and moreover it raised the proposition that achieving 
herd immunity by natural infection would be unethical.[53]

Investigating over 30,500 individuals in Iceland using six assays, that iden-
tify specific IgM, IgG, and IgA antibodies against the virus nucleoprotein it 
was shown that 0.9% of this population sample was infected with SARS-CoV 
-2.[54] Iceland having a low population number (approximately 350,000 citi-
zens) and low density,[55] the percentage of naturally immunized individuals 
is low.

Therefore, there were different measures in different countries. Europe has 
opted for a strategy of mitigation, intending to gradually achieve herd immu-
nity, but due to the high infectivity, an exponential increase of cases in just 
weeks, thousands of deaths that put a high pressure on the health care systems 
in several countries, and this strategy was cataloged as unethical.

In East Asia, a completely different strategy was adopted, namely a very 
rapid lockdown and further follow-up measures to halt the virus spread. 
Differences in East Asian and Southeast Asian countries were noticed as 
well. For example, there was a complete lockdown in China, while only 
a moderate one in Japan. The results were that in China, there were fewer 
than 100,000 cases per 1.4 billion people, while in Japan under 5,000 cases per 
126 million. The strategy described as “hammer and dance” by Pueyo com-
bines strong suppression with controlled release and this strategyis probably 
the most efficient.[56] The “hammer and the dance” strategy is an implementa-
tion of health care measures keeping in mind also the economic burden that 
can put additional pressure on a society struck by pandemic. The strong 
lockdown initially developed by governments temporarily limited economic 
activity in order to control the actual spread of the infection; this stage was 
named as “the hammer”. In this phase, economic rescue packages were 
implemented to protect companies across all sectors. This stage was however 
different again from country to country in terms of measures types, intensities, 
and durations. The second step consists of a gradual lifting of lockdown 
measures and restarting formerly closed economic activities. This is the step 
that we are now facing and during this phase, the spread of infection must be 
kept under control while being not completely suppressed, and this stage being 
named “the dance”.[57] In this stage we must keep in mind that there is a lack 
of a vaccine or a specific anti-viral therapy that could stop the spread. However 
optimistic one could be, it is highly unlikely that the end of this year will bring 
a large-scale vaccine and mass vaccination. From the epidemiological point of 
view, the R-value should be below 1 in order to stop the outbreak, but for “the 
dance” stage we are in, it still limits citizens’ civil liberties. “Dancing” between 
epidemiological measures and civil liberties in the XXI century is not an easy 
task, both medically and socially. In Japan, the relaxation stage brought 
quickly another surge of infections due to returning to the normal human 

8 M. NEAGU



behavior and/or due to increased testing. Learning from the East Asian 
experience, in the “dance” stage we have to test and quarantine infected 
patients and contacts, implement serosurveillance of the population to depict 
what is the level of built-up immunity, what are its dynamics and how far are 
we from establishing herd immunity. These measures should be doubled by 
already known hygiene measures to limit infection spread. Keeping the popu-
lation at a reduced infection rate would give space for implementation of 
measures toward economical stability and day-to-day life.[58]

In Italy, there are clear differences between regions in the healthcare system, 
differences that present a strong challenge in the COVID-19 outbreak due to 
different regional policies, including the policy around population testing.[59] 

Due to these differences in some regions, more individuals were tested and 
hospitalized in different percentages. This resulted in the fact that databases 
were different, so that the necessity to develop common national databases is 
important to accurately follow the immunity development.[59,60]

Inducing herd immunity

In the current COVID-19 pandemic there are currently no targeted therapies 
and no vaccine. Thus, without an actual vaccine/therapy a good proportion of 
the population would have to be infected to build herd immunity. A critical 
review of potential treatments for COVID-19 shows that there are various 
therapies and procedures that are mostly nonimmune therapies (Figure 2) and 
that the immune – based therapies are limited.[61]

Figure 2. Therapies outline in COVID-19. Nonimmune therapies that target various viral and 
infected cell mechanisms outrun the immune-related therapies that comprise only vaccination 
and immune modulation.

JOURNAL OF IMMUNOASSAY AND IMMUNOCHEMISTRY 9



The best population protection could be achieved with vaccination, but 
although there are around 200 types of vaccines in the pipeline, we are 
lacking any confidence that we will have a vaccine implemented by the end 
of this year. There are vaccines that have around 10 years of testing before 
being applied and there are vaccines that never entered the clinical applica-
tion stage due to stumbling in different testing stages. In the first phase, the 
safety of the vaccine and the appearance of secondary effects are tested on 
dozens of healthy volunteers. After the first phase completion, phase two 
tests are done on several hundreds of individuals and the efficacy of the 
vaccine is tested. In this phase individuals that are healthy or are diagnosed 
with various co-morbidities are tested in an epidemic area to analyze if the 
vaccine is efficient. In the third phase, the vaccine is tested on thousands of 
individuals and as previously stated, in each phase of testing new data can 
occur and so the actual clinical implementation can be done after ten years 
of tests or, as many other vaccines have gone through, never reaching clinical 
implementation.

Vaccination in COVID-19 disease has an accelerated pace. Therefore when 
we were writing a paper on this subject in March 2020 there were 44 types of 
vaccines, with two in the phase 1 of testing[62,63] and now after not more than 
5 months, we have almost 200 vaccine types in the pipeline[64] and probably 
until this paper will be published some additional ones will be added. 
Although the mentioned stages are mandatory the accelerated pace and the 
ethical concerns that arise on testing on healthy volunteers are still a matter of 
thorough debate.[65]

The accelerated pace in achieving a proper vaccination can overlook cellular 
and molecular mechanisms within the understanding of COVID-19 disease. 
For example, if the vaccination would generate the immune process antibody- 
dependent enhancement (ADE) in COVID-19 vaccine, the scientific eye must 
be more vigilant. In the dengue virus infection, the symptoms are flu-like in 
most people with mild clinical evolution. In a small number of patients, 
a severe disease can develop, with fatal bleeding and organ damage. The risk 
of severe disease is increased in people who have been infected a second time. 
Dengvaxia, the first live-attenuated vaccine, protected previously infected 
children, but put non-infected individuals at risk of the disease.[,66,67] This 
phenomenon resulted in a lack of trust in public health[68] and the lack of 
fundamental immunological information on ADE in this Dengvaxia.[69] If the 
accelerated vaccine development in this pandemic will not fulfill the expecta-
tion for whatever reasons we will face public trust attrition in research and in 
public health overall decisions.[69] Thus, ADE or any other immunological 
issues should have full consideration from the scientific community for any 
SARS-CoV-2 vaccine[70–72] and the pace for vaccine development should 
follow the knowledge accumulation in this type of disease without cutting 
any research corners.
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Although passive immunization is a good therapeutical option in all its 
facets[73] mainly for difficult cases, it does not install herd immunity.

An interesting and pertinent opinion was recently published by Kostoff 
et al. stating that in the quest to find new therapies we must take into account 
intrinsically strengthening our immune system. This can be actually easily 
achieved by eliminating the factors that weaken the immune system.[74] The 
factors that influence the immune system are extremely diverse, from lifestyle, 
diet to chronic inflammation and obesity, from neuroendocrine factors to 
environmental factors.[75–80] Obesity is a factor that drives difficult cases of 
SARS-Cov2 infection and this is one of the first clinical observation in the 
current pandemic. A probable explanation is that the enlarged number of 
adipocytes would contribute to the increased inflammation pattern of the 
infection. Inflammatory cytokines would be produced first by the infected 
lung alveolar cells, the secreted inflammatory cytokines would call lympho-
cytes at the infection site generating more cytokines and adipocytes would 
secrete adipokines with pro-inflammatory functions. Thus, a normal inflam-
matory pattern will be rapidly transformed in the so-called “cytokine 
storm”.[81] To characterize this cytokine storm, multiplex technology[82] was 
used to evaluate in dynamics the level of various cytokines in Covid-19 
patients, IL-6, TNF-α, IL-1β, as markers of inflammation and CXCL8/IL-8 
as recruitment/activation cytokine for neutrophils.[83] Results obtained on 
1,400 patients have shown that these cytokines have a predictive power upon 
COVID-19 survival and mortality. IL-6 was found as a robust prognostic 
marker of survival, out-running CRP, D-dimer and ferritin. TNF-α, indicating 
organ damage, could predict poor outcome of the disease.[84] IL-8 was found 
associated with survival time. These findings point out that the inflammatory 
status of the individual is yet again a measure of the disease outcome. The 
authors point out that COVID-19-related cytokine response is different from 
the cytokine storm associated with sepsis. Abolishing the cytokine storm, 
namely IL-6, was tried throughout several trails but large-scale results are 
still to be published.[85,86] Anti-inflammatory and immunosuppressant, dex-
amethasone, reduced also the level of IL-6.[87] Early cytokine measurements 
could predict patient’s clinical evolution and hence could rapidly orient 
therapy.[84] Another overlooked issue is that cytokine pattern is sex- 
dependent[88] and that data gather upon differences in soluble IL-2 R, IL-6, 
ferritin, procalcitonin, LDH, and hsCRP in males versus female patients, and 
independently associated with disease severity in COVID-19 patients.[89]

Conclusion

Effective herd immunity has complicated corollaries in SARS-CoV-2 infec-
tion. There are various factors and several hurdles to be solved in order to 
achieve it. Herd immunity in many geographical areas and locations is difficult 
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to concomitantly reach because of population availability and societal differ-
ences. In Europe there are several differences between the countries, such as 
the health systems, specific interventions, country size, that may influence the 
overall rate of SARS-CoV-2 infection.

Mathematical epidemiology indicates that 50–66% of the population 
needs to be immunized naturally or artificially and this percentage is not 
easily achievable. Another issue that science has to establish is the duration 
of this herd immunity. It is still unknown for SARS-CoV2 infection how 
long is the immunity memory. An efficient immune response cannot be 
established in all individuals and cases of relapse have been reported. 
Epitope stability is yet another issue to be solved when achieving herd 
immunity because mutation in the viral structure will call upon other sets 
of neutralizing antibodies and hence for other molecular framework to herd 
immunity establishment. Effective vaccine is a possibility to control the 
current outbreak and induce herd immunity to prevent future outbreaks, 
but also strengthening of the immune system is a pathway to alleviate 
healthcare systems. Furthermore, societal tactics coping with the lockdown 
need to be thoroughly elaborated so that the economic impact should be 
minimum and the establishment of solid herd immunity in this infection 
would be optimal.
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