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1 | BACKGROUND

India was one of those few countries where the initial/
first wave of the corona virus disease 2019 (COVID-19)
pandemic had a mild course of infection, that left
experts around the world bewildered by this rather
unanticipated outcome (Frayer, 2021; Cohen, 2021;
Biswas, 2021a; Ravikumar & Jamkhandikar, 2021;
Patel, 2021). While the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infected the hosts in
developed countries leading to huge mortality, surpris-
ingly, it caused a mild disease in India and resulted in
one of the lowest case fatality rates (CFR) in the world
(Chinnaswamy, 2020; Patel, 2021), at least until early
2021. I had explained this by arguing that Indians had a
trained innate immune system that protected them from
a severe form of the infection (Chinnaswamy, 2020).
Innate immunity that includes (among other cells and
mechanisms) NK (natural killer) cells and the non-
canonical B1-B cells, can raise a strong barrier against
mucosal viral infections. Macrophages and dendritic
cells can contribute directly by eliminating virus-
infected cells, but their main job is to act as messengers
that shape the adaptive immunity. However, there are
two limitations in the protection these cells can offer:
(1) they must be constantly 'trained' for optimal func-
tioning, by exposing them to intracellular pathogens
since they lack a permanent memory; (2) the protection
offered even though is significant, lacks specificity and
hence not robust enough when confronted with a large
inoculum of a highly infectious virus.

1.1 | A devastating second wave hits
India in March 2021

Experts analyzing the pandemic felt that India had
already reached the 'shore' with the prospects for a sec-
ond wave being low (Ravikumar & Jamkhandikar, 2021).
While India was basking in this unexpected success, it
also began its vaccination drive from mid-January 2021
albeit at a very slow pace even though it was only
targeting people above 45 year of age (India used two vac-
cines at this stage: an inactivated whole virus and an
adenovector-based spike protein-generating vaccine). But
little did it realize that a tsunami was heading towards it
in the form of a ferocious second wave in early-mid 2021.
Such was the devastation of the second wave that all the
fears that had gripped the country in 2020
(Chinnaswamy, 2020), seemed to have come real in 2021.
The poverty in India's public health infrastructure came
to the fore like never and was there for everyone to see
(Biswas, 2021b). In one way, the stark reality of the sec-
ond wave reinforced my argument that the first wave was
so mild in the country that it could have resembled a
'bump' in the background of other debilitating infectious
diseases that are common in India (Chinnaswamy, 2020).
So, what changed in India from 2020 to 2021, that such
contrasting waves of infection (Figure 1A) were seen?
While the mild first wave in India surprised many experts
(Frayer, 2021; Ravikumar & Jamkhandikar, 2021;
Biswas, 2021a), the devastating second wave has deep-
ened the mystery even further (Chadha, 2021). In this
article, I try to understand the second wave, not in
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isolation but in the context of, and in comparison, to the
first wave and then try to draw my opinion about what
may have resulted in the second wave.

1.2 | Host population structure and
waves of infection in COVID-19

From what we saw in the initial waves of the COVID-19-
pandemic, there seems to be at least two classes of hosts
in a population: the resistant and the vulnerable. A vul-
nerable host is one that supports the infection by a given
strain of the virus leading to a symptomatic disease that
may lead to the death of the host in a subset of cases
(as determined by CFR that will be specific for a given
population); a resistant host is the one that will not allow
a given strain of the virus to readily infect and propagate
in it. Any given population will have a mix of vulnerable
and resistant hosts that encounter the virus in the initial
wave of a pandemic. A primary/first wave of deaths due
to infection could have a sharp rising curve with a peak,

or it could be a flat curve with a plateau (Figure 1B), with
several intermediaries within these two extreme shapes
in different populations. Deaths largely correlate with
cases (i.e., those with a symptomatic disease) in all
populations, even though the CFR may vary. The propor-
tion of vulnerable to resistant hosts (V:R) in the given
population will decide the shape of the curve (Figure 1B).
A large V:R ratio in a population that encounters the
virus during the primary wave, leads to a sharp curve of
cases/deaths, since the ratio is far higher than a certain
critical value (CV, or the inclination point). Whereas if
resistant hosts in the population outnumber the vulnera-
ble ones, then the virus takes a longer time to reach
enough vulnerable hosts to show its peak in the first
wave, by which time the curve would have taken a flatter
shape. The latter was seen in the COVID-19 morbidity/
mortality curve of India during the first wave that began
sometime during Mar 2020 and tapered off towards the
end of the year (Chinnaswamy, 2020). India being a hot-
bed of endemic intracellular pathogens was supposedly
protected by trained innate immunity during this first
wave (Chinnaswamy, 2020).

In stark contrast, the second wave that struck India
showed that there were more vulnerable hosts than
resistant ones (Figure 1A, B). How can this be possible
in the same population? I offer two complementary pos-
sibilities below, to explain this. First, it seems that the
original strain of the virus was 'less fit', hence could not
penetrate the strong natural immunity barrier suppos-
edly present in most Indian hosts. This barrier could
have been in the form of cross-protection due to expo-
sure to other coronaviruses (Ansari et al., 2021) and/or
trained innate immunity from other pathogens (Panda
et al., 2020). A highly heterogenous set of hosts in India
in terms of various parameters like economic, social,
religious, and geographical/climatic variation may also
have played a role in keeping the spread of the virus in
check during the first wave. However, the original strain
underwent substantial changes to emerge as a new
'delta variant' that was significantly more infectious
than the parent strain (Mendez, 2021; outbreak.
info 2021). The mutations may have helped the virus:
(1) by altering the physicochemical properties such that
the new strain could easily spread in air as particles
rather than droplets (ex. aggregation property of the
virus changes); (2) by facilitating better interactions of
the spike protein with the ACE2 receptor; and (3) by
increasing the replication efficiency of the virus. A com-
bination of these properties made the new strain capable
of penetrating the natural innate immunity barrier more
efficiently. One factor that was critical could be the sig-
nificant increase in virus inoculum that the hosts were
exposed to with the new strain of the virus. Second, it is
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FIGURE 1 India sees contrasting waves of infection within a

year. (A) Daily COVID-19 cases recorded in India from the

beginning of the pandemic to mid-June 2021. W = wave. The data

was obtained from ourworldindata.org. (B) A model for two

populations that explain the COVID-19 daily mortality curve. The

populations will have a mix of vulnerable (V) and resistant

(R) hosts. V:R ratio of a certain critical value (CV, red line on y-

axis) decides the shape of the mortality curve: A higher V:R ratio

gives a steep curve, and a lower ratio will give a shallow curve. The

horizontal dotted line shows the actual V:R ratio for the two
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also possible that the hosts in each population are strati-
fied, and the virus does not infect all the strata at a given
point of time (Banerjee, 2021). This way, the virus picks
a stratum at a time, the ensuing infection within the
stratum is reflected as one wave, and essentially the
waves could reflect the different strata of the population
being infected. The herd immunity, therefore, works
only in definite strata and not uniformly across a popu-
lation of hosts. This model is comprehensible if it is pos-
sible to explain that the virus cannot attain fitness if the
hosts are heterogeneous and therefore it looks out for a
stratum within the population, wherein the hosts are
most homogenous, where it can attain maximum fitness
(fitness is defined as the ability of a virus to infect and
produce progeny in a set of hosts).

A given human population will have certain level of
variation due to the inherent differences in the
immunobiology among its different hosts who can allow
a successful SARS-CoV-2 infection. This would be deter-
mined by several known factors such as gender, age,
genetic background, and environmental factors including
biocultural factors. It is reasonable to presume that any
such population can be stratified based on a combination
of factors that are collectively responsible for varying sus-
ceptibility to and pathogenesis from SARS-CoV-2 infec-
tion. Ex. older individuals, people with extreme comorbid
conditions are more likely to fall under one stratum
(Figure 2, top), whereas younger adults and children may
fall in to two different strata. A virus can achieve maxi-
mal fitness if it can find, in proximity, all the hosts in a
single stratum or closely related strata. Infections under
such circumstances will lead to the characteristic sharp
infection curve. A sharp rise in the infection curve will
usually accompany a sharp fall too, after it attains the
peak, suggesting that the virus gained peak fitness and
lost it due to unavailability of more hosts in the same
stratum/strata after reaching the peak of infection
(Figure 1). At this point, the fittest virus population
declines, giving way for the 'flattest' virus populations
(i.e., those viruses populating the mutation landscape of a
given viral species present as swarms of genetically dis-
tinct subspecies, but in lower frequencies) to compete for
the next wave of infection, that will obviously be
targeting the next, immunobiologically stronger, stratum
of hosts (Figure 2, bottom). One obvious requirement for
the new set of viral variants is to attain features that
make them infect more hosts at a faster rate. Reports
showing that the newly identified delta variant infects
more youth than the parent strain (Qureshi, 2021) and
that it is more transmissible than the parental strain (Li
et al., 2021), give evidence for the 'stratum-wave theory'.
Also, the low rate of reinfections in different parts of the
world is additional proof to say that the virus selected its

hosts differently in different waves of infection (Perez
et al., 2021; Pilz et al., 2021).

1.3 | Quasispecies, immune escape, and
mass-vaccination during pandemics

RNA viruses exist as 'quasispecies' in nature (Domingo &
Perales, 2019) and emergence of new variants is quite
natural in a pandemic setting. Increasing immune pres-
sure, be it due to resistance developing in hosts after a
natural infection or following vaccination, is a potent
driver of emergence of mutant viruses. However, in the
absence of any vaccinal intervention, the time lag needed
for emergence of dominant viral strains with altered
characteristics is generally longer due to inherent evolu-
tionary competition between different circulating and
emerging strains. This is especially true in a host popula-
tion where there is a high level of natural innate immu-
nity that acts as a barrier against the virus and keeps it
from achieving a high infection rate, which in turn
lessens the chances of acquiring mutations under
immune pressure from the host. On the other hand, a
vaccine, that is usually a pharmacological preparation
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FIGURE 2 A hypothetical model showing the different hosts

in a population with varying immunobiology stratified based on

several parameters after dimensionality reduction (top; D-

dimension). A different viral variant may achieve maximal fitness
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characteristic waves that represent the underlying host population

structure (bottom)

COMMENTARY 3 of 12



from derivatives of an older strain, if it cannot prevent
infection completely (i.e., if it cannot provide sterilizing
immunity), has the potential to significantly decrease the
time lag required for the emergence of new strains since
they disrupt the 'competitive balance' between the circu-
lating strains in the population and allows for selection
of new variants (McLean, 1995) (Figure 3). The danger is
larger if the circulating strains have significant immune
escape properties. Despite this limitation, we have suc-
cessfully dealt with several human viral diseases by fol-
lowing mass-vaccination programs (Ex. measles); some of
the probable reasons on why such vaccine-induced
mutant pathogens have not been a problem in the past
has been discussed elsewhere (McLean, 1998).

With our previous experience, we see that vaccines
against viruses have worked best under the following cir-
cumstances: (1) the target population are children (chil-
dren have an untrained and developing adaptive immune

system, hence makes perfect sense to use vaccines to
strengthen their adaptive immunity arm); (2) the vac-
cines are used prophylactically, that is, introduced in the
susceptible hosts before they are exposed to the virus;
and (3) the susceptible hosts are mass-vaccinated such
that herd immunity thresholds are achieved, again,
before the arrival of the infection. However, in the
current pandemic, none of the above seem to hold any rel-
evance: we are mostly mass-vaccinating adults, who have
a well-developed, memorized, cross-protection-generating
adaptive immunity against natural viral infections; we are
vaccinating during an ongoing pandemic and importantly
many poorer countries are staring at huge vaccine deficits
leaving large masses of their populace without even get-
ting a single dose. In a country like India where there are
not only logistical issues involved that circumvent a com-
plete or near-complete vaccination coverage of its popula-
tion, media reports showed that there was a huge vaccine

FIGURE 3 Viral immune escape in natural course versus vaccinal intervention. (A) During a natural course of infection in each

population, the initial/parental strain of the virus (depicted in gray) competes with emerging variants (depicted in other colors) but

eventually loses out to them due to immune pressure in a prolonged time frame. In this case, the mortality will be less, and the death curve

will be flatter, relatively. Two hosts are shown that represent two immunity states. The vulnerable host has the least resistance to the

parental strain of the virus, while a trained host is resistant to the parental strain, but can succumb to an emerging, more fit, strain/variant

of the virus. W = wave. (B) If a vaccine that is imperfect (cannot prevent infection and transmission, but only prevents disease) is used as an

intervention in only a limited number of hosts, the competitive balance between the parental and emerging strains is disrupted, leading to

quick emergence of more infectious variant strains in the vaccinated population that invade naïve unvaccinated host stratum and cause

disease and deaths much quicker than expected from a natural course of viral evolution; also the heterogeneity in the viral population

decreases due to highly selective immune pressure in vaccinated hosts
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hesitancy in the rural areas where most of the Indian pop-
ulation resides (Mallick, 2021; Nadimpally, 2021). Such a
situation left a large number of unprotected hosts amidst a
very small number of 'semi-protected' vaccinated ones
exposed to a highly infectious delta variant. Modeling
studies have predicted that this vaccine inequity among
and within populations could be a dangerous platform for
emergence and propagation of immune escape variants
(Gerrish et al., 2021).

Even if the vaccines are providing a partial protection
to the vaccinees without allowing a severe disease in
them, it should be beneficial in terms of combating the
pandemic, provided they are not interfering with the viral
dynamics either at individual or population level. How-
ever, even though vaccination drives across the world
began somewhere at the end of 2020 or beginning of
2021, we are seeing a continuous emergence and propa-
gation of new, highly infectious strains of the virus in
recent months (ECDC, 2021; Outbreak, 2021). Besides,
it has been observed that the mutational diversity of
B-cell epitopes of the spike protein of SARS-CoV-2 has
been reducing all over the world, since vaccines were
introduced (Niesen et, 2021); the sequence diversity of
the spike protein is lesser in viruses sequenced from

infections originating in vaccinated versus unvaccinated
individuals suggesting that vaccines are indeed interfer-
ing with viral evolution (Niesen et, 2021). Curiously,
India's devastating second wave of infection which was
driven by the highly infectious delta strain/variant
(Mascarenhas, 2021; Sadam, 2021) has closely followed
India's vaccination drive, with a slight lag in time
(Figure 4), before tapering off. This is indeed very inter-
esting. The takeover of infection by the delta variant
(B.1.617.2) strikingly follows the vaccination curve and
the second wave of the pandemic in India (Figure 4). It is
quite possible that the vaccinal antibodies selectively
suppressed the dominant strains circulating in India
when infections happened in the vaccinated individuals.
The question then is, did the small but increasing num-
ber of vaccinees in India become breeding grounds for
the delta variant to emerge and initiate the second wave?
In a country like India that had a huge number of
unvaccinated and most likely unexposed (to the adaptive
immune system) hosts, the delta variant found a fertile
ground to stabilize itself in the population. Yes, the cur-
ves shown in Figure 4 seem to be mere correlations and
not evidence to believe that vaccines drove the second
wave of infection in India; but, absence of evidence for

FIGURE 4 The spread of

infection in India's second

COVID-19 wave, marked by the

emergence of the delta variant,

closely follows the vaccination

'wave' in the country.

Vaccinations began in India

from mid-January 2021 and the

initial rise in the wave happens

�1.5 months later. Daily test

positivity rate (B) is shown

below the daily vaccine doses

(A) administered till June

19, 2021 (7-day moving

averages). Source of data and

image in A and B: Covid19india.

org (2021). The evolution of

different variant strains is
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causation is not evidence for absence of causation either!
When two events happen simultaneously during a raging
pandemic, there is no way to show that one event is caus-
ing the other, in which case we should invoke other
forms of evidence. There is proof from experiments in
livestock that shows, 'leaky or imperfect vaccines' “can
facilitate the evolution of pathogen strains that put
unvaccinated hosts at greater risk of severe disease” (Read
et al., 2015).

If one must prove the hypothesis that vaccines facili-
tate the emergence of viral mutants, then clinical trial
stage is the appropriate time when such a study can be
done. In fact, researchers in the USA had prewarned
about this issue when vaccine trials were taking place
(Kennedy & Read, 2020). In this context, it is interesting
to note that, Kate Bingham of the UK vaccine task force
had written even before the vaccines came, “The first gen-
eration of vaccines is likely to be imperfect, and we should
be prepared that they might not prevent infection but rather
reduce symptoms, and, even then, might not work for every-
one or for long” (Bingham, 2020). Even though it is diffi-
cult to test the 'vaccines selecting-for-mutants' hypothesis
during a pandemic (Cobey et al., 2021), two observational
studies, one from India (Dhar et al., 2021) and another
from Israel (Kustin et al., 2021a and 2021b), have pro-
vided evidence that corroborates this concept by showing
that vaccinated individuals were 'disproportionately
infected' with viral variants compared to unvaccinated
individuals who were infected during the same time.
Another recent report from the Indian Council of Medi-
cal Research shows that >86% samples from vaccine
breakthrough infections had the delta strain of the virus
(Gupta et al., 2021). A plausible explanation for this is
that the individuals who were vaccinated with the imper-
fect vaccines, got infected with the circulating strains (the
delta variant was circulating, albeit at very low levels in
India as early as December 2020, outbreak.info;
Figure 4C) and gave a conduit to the emerging delta vari-
ant to escape, both from the host immune pressure and
from competition from the dominant strains which were
selectively suppressed by the vaccinal antibodies
(Figures 3 and 4) (Gerrish et al., 2021). A counter argu-
ment to this would be: since an immune response,
whether it is from a previous exposure or due to vaccina-
tion, would be selective against a previous circulating
strain, reinfections in recovered individuals could also
have led to the evolution of the delta variant in India
under selective immune pressure, so why blame vacci-
nees for that? (Mlcochova et al., 2021). Two lines of evi-
dence discredit this theory: (1) even though the delta
variant was in circulation in India, it did not emerge as a
dominant strain until vaccines were introduced
(Figure 4) in the population; (this may be because the

mutational diversity of the spike protein is selectively
downregulated by vaccines [Niesen et al., 2021]); and
(2) a recent observation from Israel, has documented
that, vaccine breakthrough infections are 6.72 times more
likely to occur than reinfections (Horowitz, 2021;
Rosenberg, 2021). It is noteworthy, that the delta variant
did not cause a severe disease in the vaccinees (Gupta
et al., 2021), but it did cause high mortality in the
unvaccinated and most likely unexposed hosts, especially
in rural India. The Israel observation (Horowitz, 2021;
Rosenberg, 2021) also raises another important scientific
question for India: could the vaccines have precipitated
infections, even though not severe, among the vaccinees
during the beginning of the second wave? The answer to
this question is important to prove the hypothesis that
the vaccines used in India gave rise to the second wave.

Vaccines against SARS-CoV-2 were given emergency
approval by the authorities in many countries, including
India. Vaccines would be the best tools to fight the pan-
demic if they can provide sterilizing immunity, that is,
limit infection (therefore transmission) and not just dis-
ease, from all the prevalent/emerging strains of virus
(McKenna, 2021). This would happen only if the vaccine
could provide a broad cross-protective sterilizing immu-
nity against all emergent/circulating strains. While initial
studies showed promising results (Hall, et al., 2021) about
vaccines preventing infection, later studies have shown
declining effectiveness of the current vaccines against
emerging strains (Sheikh et al., 2021; Madhi et al., 2021;
Hacisuleyman et al., 2021; Dhar et al., 2021; Gupta
et al., 2021; Kustin et al., 2021a and 2021b;
Mallapaty, 2021; Steenhuysen et al., 2021). Besides, anec-
dotal evidence and reports in the media, including those
covering a study conducted by a premier medical insti-
tute, have documented vaccine breakthrough infections
happening during the second wave of pandemic in India
(Basu, 2021; Ghosh, 2021; Kumar, 2021; Rubin
et al., 2021) and have continued therafter. If vaccines pre-
vent only disease and not infection (and therefore trans-
mission), then the purpose of developing vaccines against
any virus, which is to eradicate it, is defeated; also,
achieving herd immunity through vaccines becomes a
meaningless concept.

In terms of eradicating the viral pandemic, why is the
immunity generated against a natural infection better
than vaccine-induced immunity? Vaccines are different
from a natural infection by a virus in the following ways:
(1) a vaccine cannot always be delivered in the same
route as the natural route of viral entry in to the host
(ex. this limits the vaccine responses to mostly in the
blood and not at the mucosal surfaces where the virus
enters); (2) a vaccine invariably lacks the ability to trigger
an immune response akin to a robust viral infection,
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hence a multidimensional response is achieved in the lat-
ter compared to a less varied response from the former
(Ex. a vaccine-mediated immunity is mostly antibody-
dependent); and (3) most importantly, a natural viral
infection exposes the immune system to the viral
quasispecies, which a vaccine fails to do. Almost in agree-
ment, real-world data from one of the most vaccinated
countries in the world, Israel, shows that by mid-July
2021, 57% of vaccinated, compared to only 1% of recov-
ered individuals were infected by the highly infectious
delta variant (Kovler, 2021). Mathematical Biologist Angela
McLean opines, 'Vaccines induce a generally weaker and less
cross-reactive immunity than naturally acquired immunity,
that the opportunity for new strains to evolve is greater in a
vaccinated population' (McLean, 1995).

The important question then is, were the vaccines
against SARS-CoV-2 beneficial or not? To analyze this, I
pick the same nine countries whose morbidity and mor-
tality data that I had juxtaposed with that of India, to
infer that India bucked the trend in the first wave
(Chinnaswamy, 2020). In Figure 5A, I show the test posi-
tivity rate (which is the best indicator of the spread of the
disease) recorded till June 21, 2021 for all the 10 coun-
tries. This data clearly shows: (1) there was certainly a
post-vaccination bump/wave in all countries except the
UK (boxed region in Figure 5A); and (2) except for India,
the positivity rate in all the countries that show the post-
vaccination bump/wave, has not exceeded the positivity
rates that occurred in the previous waves. This would
suggest that even though there was a negative effect at
the population level on the spread of the infection post-
vaccination, the effect was lesser in all the other coun-
tries, except for India. Most strikingly, when we look at
the percent share of people in each of these countries
who received at least one dose of the vaccine, it reveals
that UK with the highest vaccination rate (63% on June
20, 2021), has no post-vaccination increase in test positiv-
ity rate, at least until the end of June 2021, whereas
India, with the lowest vaccination rate (16% on June
20, 2021) has the highest post-vaccination test positivity
rate (Figure 5B).

However, from the end of June and beginning of July
2021, the delta variant has taken over infections through-
out the world. UK, like many European countries and
the USA, is seeing a huge increase in cases from July
2021 due to the rapid spread of the delta variant. But
what is different is that, for the first time in the pan-
demic, the morbidity and mortality curves seem to have
got largely delinked, thanks to the effect of vaccines in all
those countries that have relatively higher vaccination
rates (ourworldindata,org. 2021). While the delta variant
has devasted many south Asian countries with low vacci-
nation coverage, it is now slowly but surely, threatening

the high vaccination coverage countries too and only
time will reveal the damage that it would cause in these
countries. More disturbingly, some unpublished and
published data from Israel and UK have shown more
hospitalization and deaths occurring among vaccinated
than the unvaccinated individuals infected with the delta
variant (J-Hoffman, 2021; Louise, 2021, PHE, 2021). The
message seems to be clear: it may be a mistake to use an
imperfect vaccine during a pandemic, but it is a blunder
to not cover sufficient proportion (ideally 80%–90%) of
the target population in quick time, once we begin vacci-
nating. There is clear evidence in the form of circulating
highly infectious variants in the post-vaccination period
to show that the COVID-19 vaccines are not 'evolution-
proof' and hence are imperfect (outbreak.info; Read &
Kennedy, 2020). The CDC of the USA has released data
that shows that the viral load in vaccinated individuals is
the same as in unvaccinated individuals who get infected
with the delta variant (Abutaleb et al., 2021), implying
that even the mRNA vaccines used in the USA, which
showed the best efficacy in clinical trials are not able to
prevent infection from (and transmission of) the delta
variant. With such imperfect vaccines, the best strategy
is, we either vaccinate all, or none (Kennedy, 2015;
Moore, 2021), lest we allow the immune escape variants
to run amok among the unprotected hosts, like it proba-
bly happened in India's second wave. The developed
countries may succeed with these vaccines, since they
have the resources to vaccinate all (and revaccinate
against newer strains, if need be). But the underdevel-
oped and developing countries will suffer from vaccine
breakthrough infections, if they initiate vaccination but
cannot achieve herd immunity threshold status in quick
time, leading to the emergence of more infectious vari-
ants, that can cause severe damage to their unprotected
hosts.

To conclude, vaccines against SARS-CoV-2 seem to
be beneficial in some but not other populations. It is ben-
eficial in those populations where the attack rates were
high in the initial phases of the pandemic; in these
populations the infection pressure was high to begin
with, and variants had already emerged and caused much
damage even before vaccines came into the scene
(Ex. B.1 in Europe; alpha variant in the UK). These
populations had probably gone past the worst phases of
the pandemic by the time the vaccines came, and it is
likely that a large proportion of their susceptible hosts
had been eliminated by then. Hence, even if the imper-
fect vaccines could prevent disease, and not necessarily
infection, and save their remaining proportion of suscep-
tible hosts from death, it is indeed a major gain for these
populations. But, in those populations where attack rates
were lower in the early phases of the pandemic (ex. south
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FIGURE 5 India and UK have the highest and lowest post-vaccination test positivity rates, respectively. (A) Test positivity rates from

the beginning of the pandemic to June 21, 2021, are shown for eight European countries, USA, and India. Vaccination began in all the

depicted countries between December 2020 and January 2021. A post-vaccination increase in test positivity is seen for all countries except

UK (boxed region). India has the highest positivity rate during this period, higher than any time before, which is not the case for other

countries. (B) Share of people vaccinated with at least a single dose in the 10 countries depicted in (A), from December 2020 to mid-June

2021. The data and images for both (A) and (B) are taken from ourworldindata.org
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Asia, Africa), stronger waves of infection and deaths, driven
mainly by the delta variant, have invariably and dubiously
coevolved with vaccination curves (ourworldindata),
thereby questioning the utility of the vaccines in these
populations.

1.4 | Concluding thoughts

The emerging data from countries such as UK and Israel
with high vaccination rates are showing that the vacci-
nated individuals are certainly protected from severe dis-
ease; but this benefit from vaccines appears to have come
at a cost. The cost is seen as: increased infection rates
overall (even though the delta variant may be the pri-
mary reason), and disproportionately higher hospitaliza-
tion rates and deaths among the previously unexposed
and/or unvaccinated individuals (Ex. Hamrick, 2021).
Hence, if the original strain of SARS-CoV-2 exposed one
form of inequity in the society (Gravlee, 2020), the vari-
ants in the postvaccination era will likely expose another
form, which is based on vaccine privilege, vaccine hesi-
tancy and in many instances, lack of access to critical
information on what vaccines can and cannot do.

In hindsight, if the delta variant indeed emerged as a
'vaccine escape variant' from India, then it should find it
easy to spread in other vaccinated populations; not sur-
prisingly therefore, the delta variant has spread very fast
in UK (Hartmann, 2021), Spain, Israel (Pflughoeft, 2021)
which have high vaccination coverage (ourworldindata).
In the USA, where a large proportion of people are still
unvaccinated, experts believe that the vaccinated individ-
uals may be helping the spread of the delta variant
(Brueck, 2021). Even though the currently available
COVID-19 vaccines are not going to provide herd immu-
nity in the manner they were intended to, they might
provide it nonetheless, by allowing the propagation of a
highly infectious delta variant in the population. The vac-
cines seem to have diverted the virus, through genetic
evolution, from being concentrated on a small number of
highly vulnerable hosts to having it spread across a larger
number of less vulnerable ones; this way the infectivity
can remain high, but mortality will be in check
(a situation witnessed by many countries dealing with
the delta variant, currently). Unfortunately, India, due to
its sheer size of the population seems to have had a large
stratum of the less vulnerable, including those in the bor-
derline between the less vulnerable and vulnerable, who
were unvaccinated or unexposed to the virus in the first
wave, that succumbed in large numbers in the second
wave; the highly vulnerable who were shielded by a
lesser infective strain of the virus in the first wave may
also have succumbed and contributed to huge mortality
(officially recorded or otherwise).
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