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ARTICLE INFO ABSTRACT

Keywords: Hybrid immunity has been accepted as the most robust immunity to fight against SARS-CoV-2. The hybrid
Hybrid immunity immunity against the virus is produced in individuals who have contracted the disease and received the COVID-
ISAfRSt'_COV'z 19 vaccine. This happens due to the cumulative effect of natural and acquired (vaccine) immunity, which
niection

provides higher antibody responses compared to natural and vaccine-produced immunity alone. Scientists have
noted that it provides about 25 to 100 times higher antibody responses than natural and vaccine-produced
immunity alone. Here, we have tried to illustrate the molecular basis of hybrid immunity against various
SARS-CoV-2 variants.

We have described hybrid immunity under different headings, which are as follows: an overview of hybrid
immunity; a comparison between herd immunity and hybrid immunity against SARS-CoV-2; hybrid immunity in
different countries; hybrid immunity and different SARS-CoV-2 variants; the molecular basis of hybrid immunity;
and hybrid immunity in Indian scenario.

India’s large population has recovered from SARS-CoV-2, and data shows that over 1000 million of the
population received at least one dose of the vaccine. Besides, many infected individuals who have recovered also
received at least one dose of the vaccine leading to hybrid immunity with a less severe third wave compared to
the first and second waves. Based on the available data, we hypothesize that people’s hybrid immunity could be a
major cause of the less severe third wave.

COVID-19 vaccine
Third wave in India

1. Introduction immunity against SARS-CoV-2, natural immunity and vaccine-mediated

immunity are the main ways to provide the desired protection [6,7]. The

The continuous emergence of the SARS-CoV-2 variants is a signifi-
cant issue worldwide. It has been noted that each significant variant has
created a surge in their particular country of origin and subsequently
transmitted worldwide. However, scientists have noted that the trans-
mitted variants have circulated globally, increasing the number of in-
fections [1-5].

Therefore, immunity is a significant way to fight against SARS-CoV-2
and its variants. Protective immunity can guard the individual against
SARS-CoV-2, developed from the immune memory. For the protective
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Band T cells (CD4™ T cells and CD8™ T cells) are crucial for the adaptive
immune system. It has been noted that there are three major compo-
nents of the immune system B, CD4" T, and CD8" T cells. It is well
known that the B cells are involved in antibody production. Similarly,
CD4" T are noteworthy cells in the adaptive immune system that
recognize antigens and process them. They use antigenic receptors of T
cells to identify and recognize antigenic peptides produced through
phagosomes or endosomes exhibited on the host cell surface bound to
MHC molecules [8]. Together, CD8" T cells are important for clearing
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the viral infection [9]. Le Bert et al. have identified CD8" T cells in
SARS-CoV-2 infected patients, and they have noted CD8" memory T
cells from people who recovered from SARS-CoV/ SARS-CoV-2.
Furthermore, they have observed that active T cells (CD8") might pro-
duce either TNF/IFNy or both in response to infection [10]. Scientists
have reported that the components of natural immunity, especially
immune memory components (antibodies, memory B cells, CD4" T, and
CD8™ T cells), were noted against SARS-CoV-2 in infected individuals
(Fig. 1) for over 8 months [11]. However, a gradual decline in the im-
mune memory was reported within a year. Therefore, it appears that
immune memory against SARS-CoV-2 was partially stable [11,12]. Re-
searchers found robust hybrid immunity against SARS-CoV-2 (Fig. 1a).
Hybrid immunity has been noted in individuals infected with SARS-CoV-
2 and who received COVID-19 vaccines. Therefore, it is the combination
of natural infection of SARS-CoV-2 along with a single dose of COVID-19
vaccination. Previously, it was termed “super” immunity [13].

India was worst affected by the first and second waves of COVID-19.
The first case of COVID-19 was reported on 22 January 2020 in Kerala
state of south India [14]. Simultaneously, the infection and death cases
increased immensely afterward, and the first wave was noted from
March to October 2020 (Fig. 2a) [15,16]. Similarly, the second wave
impacted badly from March to June 2021(Fig. 2b) [17-19], leading to
an emergency health situation across India [20].

This article describes hybrid immunity using different headings such
as an overview of hybrid immunity, a comparison between herd im-
munity and hybrid immunity against SARS-CoV-2, hybrid immunity in
different countries, hybrid immunity and different SARS-CoV-2 variants,
the molecular basis of hybrid immunity and hybrid immunity in Indian
scenario. We have also discussed a less severe third wave compared to
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the first and second waves. We have tried to understand the less severe
third wave and its cause. Finally, we illustrated that hybrid immunity in
Indian individuals might be one of the major causes of the less severe
third wave.

2. Overview of hybrid immunity

At present, researchers reported that hybrid immunity is the vigor
immunity against the SARS-CoV-2 that can provide the strongest pro-
tection against the virus. Hybrid immunity includes components like
antibodies, memory B cells, CD4" T, and CD8" T cells [21]. Several
findings have reported that the first dose of Moderna mRNA vaccine or
Pfizer mRNA vaccine resulted in high antibody titers, as well as elevated
neutralization activity against SARS-CoV-2 infections in people who
were infected previously before vaccination [22-25]. Levi et al. noted
that exponential augment of the antibodies were noted in the individuals
who received the SARS-CoV-2 vaccine after the infection of the virus.
The study was conducted on 124 health care persons vaccinated with the
BioNTech/ Pfizer vaccine [25].

Stamatatos et al. have noted that hybrid immunity provides about 25
to 100 times higher antibody responses than natural and vaccine-
produced immunity [26]. After that, several other research groups
have confirmed this enhanced neutralization of these neutralizing an-
tibodies (nAbs) [27,28]. Stamatatos et al. tried to understand the role of
nAbs in protection against B.1.351. The researchers have found that
individuals with previous infection (non- B.1.351 strain of SARS-CoV-2)
and one dosage of mRNA vaccine showed higher protection compared to
non-infected individuals [26]. The individuals showed 100 times higher
protection against SARS-CoV-2 variants. At the same time, the
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Memory B cells

Memory B cells Antibodies

CD4+ T cells
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CD8+ T cells
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Fig. 1. A conceptual diagram of the components of hybrid immunity. The schematic diagram illustrates the robustness of hybrid immunity, which is much stronger
than natural immunity and vaccine-generated immunity. It has been noted that hybrid immunity is produced when natural immunity is associated with vaccine
immunity, and this immunity shows several folds higher antibody responses than other immunity. The components of immunity are observed as antibodies, memory
B cells, CD4" T, and CD8" T cells. The four components of immunity (antibodies, memory B cells, CD4"T, and CD8™" T cells.) have been shown through pie charts for
natural immunity, vaccine-generated immunity, and hybrid immunity. The pie chart and the bar diagram were generated on a conceptual basis to provide a graphical

view, and no specific data were used for these cases.
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Fig. 2. The hybrid immunity in the Indian scenario. The figure depicts the statistical models of India’s total infection cases, the number of individuals vaccinated
with a single-dose vaccine, and the number of individuals vaccinated with the double-dose vaccine. The statistical models show the statewide distribution of 10 states
with the highest numbers of infection cases and vaccinated individuals. (a) The comparison of India’s s first wave, second and third wave. The figure illustrates the
number of infected and death cases during these three waves. (b) A schematic Venn diagram depicts the cases of hybrid immunity among the individuals and the
cases of infected individuals, recovered individuals, and vaccinated individuals from India’s perspective. The schematic Venn diagram was generated on a conceptual
basis to provide a graphical view, and no specific data were used for these cases. However, we have tried to collect the data for each case for India till today (March
29 or 30, 2022), and we found that the total number of infected individuals is 4,30,23,215; the total number of death cases is 5,21,101; the total recover cases are 4,
25,02,114. We found vaccinated individuals number (single dose, 29 March 2022) to be 98,48,10,951. However, we were not able to calculate the accurate number
of individuals with hybrid immunity. Therefore, we have generated a schematic Venn diagram. All data was collected from the Ministry of Health and Family
Welfare, GOI (https://www.mohfw.gov.in/). Here, the total infected individuals contain two populations: the total death cases and the total recovered individuals.
Among the total recovered individuals, some groups are vaccinated with hybrid immunity. In India, all recovered individuals might not be vaccinated (at least one
dose) due to its huge population. (c) A statistical model depicts the statewide distribution of 10 Indian states with the highest infected cases. The model shows the
state wise infection cases up to 29 March 2022. (d) A statistical model depicts the statewide distribution of 10 Indian states with the highest number of single-dose
COVID-19 vaccination till 29 March 2022. (e) A statistical model illustrates the statewide distribution of 10 Indian states with the highest number of double doses of
COVID-19 vaccination till 29 March 2022.

individuals showed 25 times higher protection against the B.1.351 strain
compared to only vaccination individuals. In this case, the B.1.351 S-

individuals and the memory B cells of convalescent individuals (five)
vaccinated with the mRNA vaccine (BNT162b2). They have evaluated

glycoprotein was not involved in the infection of the individuals and the
vaccination. The study was conducted with pre-infected (PID) in-
dividuals [27].

Andreano et al. evaluated the memory B cells of five naive

antibody response at the single-cell level and the character of the B cell.
They have found that hybrid immunity can protect against variants of
SARS-CoV-2 through the improvement of B cells and antibodies [28].
These experiments provide strong evidence that, after infection, primary
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vaccination will generate antibodies with augmented strength and span,
and this will be able to control the emerging variants of SARS-CoV-2 in a
better way.

3. Comparison between herd immunity and hybrid immunity
against SARS-CoV-2

Herd immunity can be achieved if enough people in a particular
population are vaccinated or infected and recovered. On the other hand,
people who have not recovered from the disease or have not been
vaccinated are also protected from the disease due to herd immunity.
The protective antibodies developed can fight against future infection.
However, herd immunity against the SARS-CoV-2 is now questionable.
Scientists have illustrated why COVID-19 herd immunity is probably
impossible [29]. Scientists have listed several reasons for the herd im-
munity against COVID-19, which are now a big question for debate.
Several researchers stated that attaining herd immunity through vac-
cines is unlikely for this virus. They found several challenges to fight
against this virus through herd immunity [30]. Anderson et al. noted
several challenges in generating herd immunity through mass vaccina-
tion against SARS-CoV-2. The researchers pointed out the challenges
like the priorities for vaccine distribution, less clarity about mass
vaccination, and the main priority group individuals due to uncertain
duration of protection against the virus. Another challenge is that it is
not clear to every country is the amount of vaccine required year by year
to produce herd immunity against the virus. Another concern is if
countries are unable to attain high vaccine coverage and what will
happen in that situation. All these things are quite challenging equally to
the governments of each country and need quick actions if a population
has to be protected through herd immunity [30]. With mass vaccination,
hybrid immunity can be a viable, effective option to fight against SARS-
CoV-2.

4. Hybrid immunity in different countries

A number of scientists have studied hybrid immunity using infected
and vaccinated individuals from different countries (Table 1). A study
from Qatar showed two cohorts with or without infected individuals
using Moderna (mRNA-1273) and (Pfizer-BioNTech) BNT162b2 vac-
cines. The study found a lower risk in the case of those individuals who
are infected after receiving the vaccination [31]. Cavanaugh et al. per-
formed a study in the USA with individuals aged > 18 years among
Kentucky residents and found that full vaccination provides additional
protection against reinfection. It was also found that the antibody titers
were higher in those individuals who were previously infected and
received the first mRNA vaccine dose [32]. In the USA, Kim et al. found
from a cohort study that infection by the virus shows robust protection
against variants reinfection, especially the Delta variant [33]. In Italy,
Callegaro et al. described that the individuals who received a single
mRNA vaccine dose and were previously infected with SARS-CoV-2
showed adequate immunity [34]. Furthermore, Levi et al. found that
the individuals with augmented antibodies were those who recovered
from SARS-CoV-2 infection and received one-dose mRNA vaccination. In
this case, the human subjects showed elevated antibody titer [25].
Another study from Italy also reported that the individuals who obtained
adequate reactivate immune memory received one-dose mRNA vacci-
nation and SARS-CoV-2 infection [35].

5. Hybrid immunity and different SARS-CoV-2 variants

Several variants have been generated from time to time, such as
B.1.1.7 (Alpha), P.1 (Gamma), B.1.351 (Beta), and B.1.617.2 (Delta).
These variants and subsequent infections reduce antibody recognition,
but the phenomenon is unclear. It was also noted that the case of rein-
fection increases due to the variants. In most cases, a reduction of
vaccine-generated immunity and natural immunity was noted,
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Table 1
Hybrid immunity reported by several researchers in different countries.
SL Hybrid Hybrid Remark Reference
No. immunity immunity
studied by studied in a
different different
researchers country
1 Abu-Raddad Qatar Infected individuals [31]
et al. 2021 after receiving the
vaccination show a
lower risk of further
infection.
2 Cavanaugh USA COVID- 19 vaccination [32]
et al. 2021 reduced the chance of
re-infection by the
SARS-CoV-2 virus
3 Kim et al. 2021 USA The SARS-CoV-2 [33]
infection has shown
highly protective
against the re-infection
of the Delta variant
4 Callegaro et al. Italy Individuals having a [34]
2021 single mRNA vaccine
dose and also previously
infected by SARS-CoV-2
showed adequate
immunity
5 Levi et al. 2021 Italy An exponential increase [25]
of the antibodies was
recorded in the
individuals who
received the COVID-19
vaccine after the
infection made by virus
6 Mazzoni et al. Italy Individuals recovered [35]
2021 from COVID-19 having

the first dose of mRNA
vaccine is sufficient to
reactivate
immunological memory
to SARS-CoV-2

supporting the nAb escape occurrence in infected individuals. Another
important point noted by scientists includes partial vaccine escape as
observed with a significant drop in immunity (about 75% to 11%) after
vaccination with AstraZeneca (ChAdOx1 nCoV-19) [36].

Likewise, vaccine efficacy of the Pfizer/BioNTech (BNT162b2) was
also found to drop significantly (about 95% to 75%) against the Beta
variant (B.1.351), and protection against severe disease remained at
97% [37].

However, Andreano et al. stated that B.1.1.248 (Gamma) and
B.1.351 (Beta) variants escaped about 70% of nAbs. They performed a
comparative study at a single-cell level and found the sensitivity of the
nAbs response against the S-glycoprotein of the Wuhan strain and the
VOCs. In this direction, researchers have analyzed S-glycoprotein and
the nAb responses from individuals who were immunized with the
mRNA vaccine (BNT162b2). Antibodies with increased potency were
noted in the case of infected individuals or vaccinated individuals [38].
In a recent study, Walls et al. showed that human subjects immunized
after SARS-CoV-2 infection showed three times higher serum-
neutralizing efficiency [39] but were infected with the Delta variant of
SARS-CoV-2. This study has shown commendable results for hybrid
immunity. Bates et al. have also noted the superior immune responses
from the recovered COVID-19 individuals who are also vaccinated [40].
They point out that hybrid immunity is responsible for the enhanced
immune responses in the above cases.

6. Molecular basis of hybrid immunity

Recently, it has been noted that high-quality and diverse memory B
cells are required to produce hybrid immunity. In fact, hybrid immunity



M. Bhattacharya et al.

produces various types of nAbs to fight against the variants [41]. It was
observed that diverse memory B cells and T cells are necessary to
generate hybrid immunity. Therefore, B cells and T cells function
collectively to generate a broad range of antibodies against various
variants. In hybrid immunity, there is a 5-to 10-times increase of
memory B cells compared to vaccination alone or natural infection
[41,42].

7. Hybrid immunity in the Indian scenario

At the latest, 4,30,23,215 infected cases were recorded in India
(Fig. 2b). Among them, 4,25,02,114 individuals were reported as
recovered [17,43]. Meanwhile, India vaccinated the vast population
quickly, and over 1000 million people have received at least one
required dose of the vaccine [single dose vaccinated individuals
numbered (till 29 March 2022) is 98,48,10,951] (1000 million equal
100 crores as India is promoting the success story of more than 100
crores vaccination). Therefore, it is over 1000 million of the total pop-
ulation that has been vaccinated through the COVID-19 vaccination
program (Fig. 2b)

Therefore, a large number of people with recovered infections also
received at least one dose of the COVID-19 vaccine and developed
hybrid immunity among them. Thiagarajan also reported that hybrid
immunity is a dominant factor among the Indian population [44].
Conversely, Shenoy et al. have also reported hybrid immunity from
India. For the patients who had received the COVID-19 vaccine previ-
ously, a single dose of vaccine produces hybrid immunity, and the im-
munity can respond even against autoimmune rheumatic diseases.
However, the study did not analyze T cell immunogenicity [45].

Researchers observed a less severe India’s third wave through the
Omicron variant. Due to hybrid immunity, India’s third wave was less
severe than the first and second waves (Fig. 2b). However, the report of
Shenoy et al. is the first report of hybrid immunity from India. No other
study has reported the role of hybrid immunity from India in the current
pandemic. To develop an overall view of hybrid immunity in India, we
have developed different statistical models. First, we have developed a
statistical model to illustrate the infected individuals from the 10 highest
infected states (Fig. 2c). At the same time, we have also depicted a
statistical model using individuals who received a single dose of COVID-
19 vaccine from 10 Indian states with the highest number of vaccina-
tions (Fig. 2d). Similarly, we also developed another statistical model
using individuals who received two COVID-19 vaccine doses from 10
Indian states (two doses) with the highest number of vaccinations
(Fig. 2e). This report can provide a general observation of infected in-
dividuals, single-dose vaccinated individuals, and double doses vacci-
nated individuals with hybrid immunity in India. However, we found
that India still has a large population size that has neither infected nor
vaccinated.

8. Conclusion

Presently, it is a big question whether hybrid immunity can be
reproducible, which can be used to enhance immunity and fight against
the pandemic.

The combination of two kinds of vaccines can provide stronger im-
munity; however, whether it can generate a similar kind of hybrid im-
munity needs to be answered. More research is required to understand
this phenomenon. If hybrid immunity can be developed, it can be
applied to elderly people, comorbid individuals, and immunocompro-
mised individuals to protect them against the virus. Therefore, scientists
should unfold more about the hybrid immunity to fight against the
SARS-CoV-2 virus and other diseases.
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