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Abstract

COVID-19 has been reported to have caused more than 286 million cases and 5.4 million deaths till date. COVID variants
have appeared at regular intervals—alpha, beta, gamma, delta and now omicron. ‘Omicron’ is driving the current surge of
cases in most countries including India and is poised to replace ‘delta’ the world over. This variant with more than 50 muta-
tions is phylogenetically very different from other variants. The omicron variant spreads rapidly with an average doubling time
of two days. The disease so far has been mild as compared with delta. Though previous infection and vaccination offer little
or no protection against infection with omicron, they do seem to partially protect against hospitalization and severe disease.
Booster vaccinations have not made any notable impact on the spread of omicron and have further worsened global vaccine
equity. The indirect consequences of omicron from lockdowns, restrictions, travel bans, economic losses, health care worker
infections and overwhelming of health care facilities are likely to be enormous. The direct effects of omicron on children
are expected to be mild like with the previous variants. However, the indirect effects on child mental, physical, and social
health may be considerable owing to school closures, missed vaccinations, neglect of other diseases, etc. It is, therefore,

imperative that governments take rational decisions to navigate the world through this latest crisis.
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Introduction

The COVID-19 pandemic, the biggest public health crises
in a century has caused an estimated 286 million cases and
5.4 million deaths till date [1]. As the year 2021 was draw-
ing to a close, with increasing natural and vaccine-induced
immunity, the general view was that the worst is over and
an end to the pandemic is in sight. The world was reopening
again. But with emergence of the omicron variant, panic
and fear has set in with a concern that all the gains achieved
so far may be negated [2]. This article summarizes the cur-
rent knowledge about omicron and then discusses briefly the
current status of the COVID-19 pandemic in children. Since
this is a rapidly evolving situation, readers are requested
to update themselves regularly. As most of the information
is from lay media and nonpeer reviewed preprints, careful
interpretation is required.
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Omicron—An Overview
Origin and Spread of Omicron

In November 2021, researchers in Botswana and South
Africa on whole-genome sequencing (WGS) identified a
SARS-CoV-2 variant. It stood out, as it had more than 50
mutations in its genome; of which, 32 were in the receptor
binding domain (RBD) of the spike protein [3]. At the same
time, there was a rapid increase in COVID-19 cases in South
Africa, particularly the Gauteng province of Johannesburg;
many of which were associated with S-gene target failure
(SGTF) on the Tagpath RT-PCR test [4]. This variant was
reported by South Africa to the WHO on 24th November,
2021. Almost simultaneously, isolates with similar genomic
sequence were identified in Belgium, Israel, and Hong Kong
[4]. Taking cognizance of the significant numbers of muta-
tions and rapid rise of infections in South Africa, the WHO
labelled this variant just 2 d later, on 26th November, as a
variant of concern (VOC) and christened it omicron [5]. This
led to many nations including India imposing a travel ban
on African nations despite the fact that omicron cases were
simultaneously identified in many other European countries
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suggesting that the variant was widespread in many coun-
tries even before it was identified [6].

Subsequently, the cases in South Africa, which had
peaked to 40,000 per day have started coming down rapidly
in less than a month to 7,000 per day [7]. But omicron has
spread rapidly through the world and is fueling waves in
other countries. S-gene target failure (SGTF) as a proxy for
omicron, is allowing rapid identification of probable omi-
cron cases pending genomic sequencing [8]. UK is severely
affected with more than 100,000 cases per day; in London
more than 90% of the patients are infected with omicron [9].
Similar waves are occurring in France, Germany, the Neth-
erlands, and other European countries fueling lockdowns,
restrictions, and a push for booster vaccinations [10]. The
variant has rapidly spread to the US adding to the ongoing
delta wave [10]. On 29th December 2021 there were more
than 400,000 daily COVID-19 cases in the US with omicron
causing 58% of all COVID-19 cases [11]. Omicron is now
reported in more than 100 countries and caused the global
case count to exceed 1 million daily cases on 28th December
2021 [1].

Omicron has been detected in India as well, initially in
patients who had returned from international travel and now
also in those with no travel history. There is a rapid rise in
infections in Mumbai and Delhi in the past few days [12]. The
third wave of COVID-19 in India fueled by omicron is here.

Virology

Omicron shares mutations with the alpha, beta, gamma, and
delta variants and others of unknown significance [3]. The
characteristics of some of these mutations are still being
unraveled. Within a couple of months of its emergence, it has
already split into two lineages [13]. The behavior of omicron
in cell culture is interesting [14]. Scientists have reported
that omicron is difficult to grow in VERO cells (genetically
engineered African green monkey kidney cells) like other
seasonal coronaviruses and unlike SARS-CoV-2. Besides, it
is less likely to cause visible damage (plaques) in these cells.
Also, the ability to cause syncytia formation which is are
often seen in the lungs of patients dying of COVID-19 is less
with omicron. Researchers from Hong Kong have reported
a 10 times faster growth in bronchi as compared to delta
(accounting for rapid spread) but a tenfold slower growth in
the lungs [14]. While it is still early days, these observations
may account for milder disease seen with omicron.

Transmissibility

Omicron is a very highly transmissible variant with stud-
ies from South Africa and UK reporting doubling times of
3.38d (95% CI 3.18-3.61 d) and 2-2.5 d, respectively [15,
16] with the basic reproduction number (R,) above 3. This

property is accounting for its rapid spread and displace-
ment of the prevailing delta variant.

Clinical Features and Complications

Preliminary information about omicron suggests that the
median incubation period may be shorter at around 2-3 d
as compared to the 5 d with the original virus [17]. The
usual symptoms reported with omicron are predominantly
upper respiratory and include runny nose, sore throat,
headache, fatigue (mild to severe), sneezing, night sweats,
and are indistinguishable from common cold [17]. Fever,
cough, and loss of smell/taste are less common as com-
pared to previous variants. Symptoms usually last for a
couple of days followed by quick recovery.

While this is early information, studies from South
Africa, England, Scotland, Denmark and Canada have
reported significantly lower risk of hospitalization, serious
disease, and death in patients with omicron/SGTF infections
as compared to delta/non-SGTF infections (Table 1) [18—22].

Hence, evidence so far seems to indicate that omicron
is milder in severity than the previous SARS-CoV-2 var-
iants. This is also supported by the fact that despite the
surge of infections in South Africa and the UK, the hospi-
talizations, intensive care admissions, and deaths remained
low. In a recently published study from Netcare—a private
health care group from South Africa, the characteristics
of patients admitted during the four waves were compared
[23]. These waves were due to the ancestral virus, beta,
delta, and omicron, respectively. The proportion of patients
requiring oxygen therapy significantly decreased ( 17.6%
in wave 4 vs. 74% in wave 3, p<0.001) as did the per-
centage receiving mechanical ventilation. Admission to
intensive care was 18.5% in wave 4 vs. 29.9% in wave 3
(»<0.001). The median length of stay (between 7 and 8 d
in previous waves) decreased to 3 d in wave 4. The death
rate was between 19.7% in wave 1 and 29.1% in wave 3,
and decreased to 2.7% in wave 4.

However, these are early impressions and the picture
may change with time. Information about behavior of omi-
cron in the severely immunocompromised is not available.
Also despite the low severity, if the numbers are very high
then the testing capacity and health care system will be
overwhelmed. The possible impact of omicron on the bur-
den of long COVID should also be kept in mind. Finally,
there is the collateral damage from a massive surge of
cases to the global economy, attention to other illnesses,
mental health of society, and health care workers.

Neutralization by Monoclonal Antibodies

Monoclonal antibody cocktails including casirivimab-
imdevimab, bamlanivimab-etesevimab have emerged as
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Table 1 Hospitalization risk with probable/confirmed omicron cases

Place (Reference) Population

Hospitalization risk

South Africa [18]
1st October to 6th December.
29,721 were SGTF and the rest non-SGTF.

England [19]
2021.

Scotland [20] 23,840 SGTF cases between 23rd November and

19th December.

50% cases were in the age group of 20-39.

Denmark [21]
median age 32 y.

Canada [22]
matched delta cases.

38,282 patients tested by the TagPath PCR between

SGTF and non-SGTF cases between 1st and 14th December,

785 cases of omicron till 9th December, age range 2-95 y,

6,312 cases of proven or probable omicron and 8,875

SGTF patients had an adjusted odds ratio of 0.2 (95% CI
0.1-0.3) for hospitalization as compared to non-SGTF
patients.

When compared with delta infections in the previous wave,
the odds of severe disease were lower with SGTF patients—
aOR 0.3 (95% CI1 0.2-0.5).

The risk of hospitalization with SGTF infections was 25%
lower as compared to non-SGTF infections, while it was 45%
lower if hospitalization for 1 or more day was considered.

The hospitalization rate was 15/23,840 (0.06%) giving an
expected/observed ratio of 0.3.

Only 9 cases were hospitalized, 1 needed intensive care, and
none died.

The risk of hospitalization was 0.33% and death was 0% with
omicron as compared to 2.24% and 0.3%, respectively with
delta.

important therapeutics for COVID-19 with demonstrable
efficacy in preventing progression to severe disease/hospi-
talization, treatment of severe disease, and for postexposure
prophylaxis [24]. However, in vitro data suggest that the
omicron variant completely escapes neutralization by these
antibodies [25]. Broadly, neutralizing sarbecovirus mono-
clonal antibodies including sotrovimab, which attach to sites
beyond the receptor binding domain remain effective in vitro
against omicron [25]. Sotrovimab is currently not available
in India. This escape of omicron from mAbs is relevant for
routine clinical practice. In a patient with COVID-19 dis-
ease, identification of the variant is important in settings
where both delta and omicron are circulating; mAbs would
help against delta and other variants but not omicron.

Reinfection Ability

One of the salient features of omicron is its ability to cause
reinfection. Studies before the emergence of omicron showed
0.1%—1% risk of reinfection and prior infection with SARS-
CoV-2 to give more than 80% protection against reinfection
[26]. Linear data analysis from South Africa showed that
while reinfection rates did not go up during the beta and
delta waves, they went up significantly during the omicron
wave; the hazard ratio for reinfection vs. primary infection
between 1st and 27th November was 2.39 as compared to
wave 1 [18]. One may argue that the reinfection rate was
higher with omicron as there was waning of natural immu-
nity acquired during previous infections when omicron
struck. However, data from the UK where both delta and
omicron are circulating at the same time negates this hypoth-
esis. Here, 6 times higher risk of reinfection with omicron
as compared to delta, has been reported. While a previous

infection gave 80% protection against delta, it only gave 19%
protection against omicron [16]. Data from Scotland also
show that the proportion of SGTF cases that were possi-
ble reinfections were 10 times the proportion of non-SGTF
cases that were reinfections [20].

On a positive note, while reinfections are common with
omicron, they were associated with a 61% lower risk of hos-
pitalization as compared to primary infection with omicron
in the UK [16]. This indicates that while previous infection
may not be strong enough to prevent infection, it mitigates
the severity of the disease, a phenomenon similar to vaccine-
induced immunity.

Ability to Breakthrough Vaccine-Induced Immunity

All the currently available vaccines have demonstrated
lower neutralizing antibody titers, efficacy, and effectiveness
against the variants as compared to the original strain. For
example, neutralizing antibody titers induced by the Pfizer
(BNT162b2) vaccine were 4—sixfold lower for delta as com-
pared to the original or the alpha variant [27]. Similarly, the
effectiveness of two doses of the AstraZeneca (AZD1222)
vaccine was 74% against the alpha variant but dropped to
67% against the delta variant; the effectiveness of 2 doses
of the BNT162b2 vaccine against delta was 88% as against
94% for the alpha variant [28]. However, protection against
severe disease and hospitalization against delta was more
than 90% with two doses of both the vaccines [29].
Omicron demonstrates a greater breakthrough against
vaccine-induced immunity as compared to delta. In vitro
studies show that the neutralizing antibody titers induced by
BNT162b2 against omicron were 44-fold lower and that by
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AZD1222 were 36-fold lower [25, 30]. Similarly neutraliz-
ing antibody titers against omicron were significantly lower
with all other vaccines including mRNA-1273 (Moderna),
Sputnik, Sinopharm, Ad26.COV2.S (Janssen), etc. Effec-
tiveness data from the UK are also emerging. While the vac-
cine efficacy against delta with 2 doses of AZD1222 (second
dose given more than 2 wk earlier) was 44%, it was—5%
with omicron. Corresponding figures for the BNT162b2
were 70% and 19%, respectively [19].

On the other hand, data from the UK showed that while
2 doses of BNT162b2 or AZD1222 vaccine did not offer
protection against symptomatic infection, they did reduce
hospitalization due to omicron. Hazard ratios (HR) for hos-
pitalization due to omicron following 2 doses of BNT162b2
and AZD1222 were 0.22 and 0.31 as compared to hospi-
talization risk with delta in unvaccinated individuals [19].
HR for hospitalization risk for omicron in unvaccinated
individuals was 0.59 relative to delta [19]. A study from
South Africa showed that 2 doses of BNT162b2 was 70%
protective against hospitalization during the omicron surge
as compared to 93% before the omicron surge [31]. The pro-
tection against severe disease/hospitalization with 2 doses
of vaccines suggests that cell-mediated immunity is at least
partially retained against omicron.

Role of Booster Vaccination Against Omicron

This is the topic of greatest debate in the current times. Even
before omicron emerged, several countries had started to
offer boosters to their citizens in response to waning anti-
body titers 3—6 mo following vaccination [32]. This was
despite an appeal by the WHO to ensure vaccination of all
adults, especially in low-income countries, with two doses
before offering booster doses to its citizens [33]. Most
high-income and upper middle-income countries are giving
booster doses to its citizens and boosters comprise 25% of
the vaccines administered daily, currently [34].

The argument in favor of boosters against omicron first
emerged from in vitro data where the serum of individuals
given the booster dose showed an increase in neutralizing
antibody titers against omicron [35]. Administration of
booster doses of the same vaccine to BNT162b2/mRNA-
1273 (Moderna) vaccinees caused the neutralizing anti-
body titers, which were initially 122-fold/44-fold lower
against omicron, to increase to only 4-/sixfold lower after
booster. The neutralizing antibody titers were boosted
against the Ad26.COV?2.S vaccine as well. Simultaneously,
information about the effectiveness of boosters emerged
from the UK, where almost 50% of the population has
received booster doses [34]. Boosters were given with
BNT162b2/mRNA-1273 in both AZD1222/BNT162b2
primed individuals [19]. The vaccine effectiveness against
symptomatic infection with omicron increased with the

mRNA booster from—5% to 73% in AZD1222 primed
individuals, and from 19 to 77% in those who were
primed with BNT162b2 [19]. There was improved pro-
tection against hospitalization with omicron in individuals
primed with AZD1222 and boosted with mRNA vaccines
but not in those who were primed with mRNA vaccines
and received mRNA vaccine booster [19].

In view of the increase in cases and fear of an omicron
surge, India too announced initiation of booster doses with
effect 10th January 2022 to health care workers, frontline
workers and those aged above 60 y with the same vaccine as
given earlier [36]. However, studies show that heterologous
boosters work better than the homologous (same) vaccine
[37]. In the COVBOOST study which was a randomized, con-
trolled trial in the UK, humoral and cell- mediated responses
against the wild virus and delta were compared with a con-
trol group when AZD1222 or BNT162b2 primed individuals
were given 7 different booster vaccines [Pfizer, 2 dose Pfizer,
Moderna, Novavax, Janssen, Valneva (an inactivated vac-
cine), ¥2 dose Valneva, and Curevac (mRNA vaccine whose
development is now stopped)] [38]. The immunogenic-
ity (both humoral/cell-mediated) in Astra Zeneca vaccine
primed individuals was best with Moderna > Pfizer > V2 dose
Pfizer > Novavax > Janssen > /2 dose Novavax > AZV in
decreasing order. In the Pfizer primed individuals, the best
responses were with: Moderna > Pfizer > V2 Pfizer > Jans-
sen> AZV > Novavax > ¥ Novavax in decreasing order.
The reactogenicity was most in the Pfizer primed individuals
and when Moderna was used as a booster. A booster study
in Thailand showed excellent humoral and cell-mediated
immune responses when recipients of two doses of Corona-
vac (an inactivated vaccine) were boosted with a single dose
of AZD1222 [39]. Hence, the choice of booster dose in India
needs reconsideration.

But apart from the choice of a booster, a bigger ques-
tion is whether boosters are really needed and will they
be effective? And do they justify the cost? The countries
with the most booster vaccination coverage (USA, UK,
and Europe) are at present seeing a relentless onslaught of
omicron, whereas in South Africa where only 30% of the
population has received 2 doses of the vaccine, the cases
have started declining spontaneously.

Current Status of the COVID-19 Pandemic
in Children

Global

The direct effects of SARS-CoV-2 on children have been
largely mild and that has remained unchanged even with
the variants. Age-disaggregated cases reported to WHO
from 30th December 2019 to 25th October 2021 show that
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children under five years of age represent 2% of reported
global cases and 0.1% of reported global deaths [40]. Older
children and younger adolescents [5 to 14 yrs] account for
7% of reported global cases and 0.1% of reported global
deaths. Deaths for all ages less than 25 y represented less
than 0.5% of reported global deaths. The fears of future
waves preferentially affecting children have, so far, been
unfounded. The indirect effects of the pandemic on chil-
dren have far exceeded the direct effects [41]. Owing to the
relatively lower risk of severe disease in children and ado-
lescents, the WHO requested nations to donate vaccines
to the COVAX initiative to ensure complete vaccination
of all adults before immunization of healthy children [42].
However, COVID-19 vaccination for children/adolescents
has been implemented in many countries including US,
Canada, Europe including the UK (with BNT162b2) and
Middle East (with Sinopharm) [34, 43]. Initially for chil-
dren aged 12 y and above, it has recently been expanded
to include children 5 y and older [43].

With the current surge of omicron in the US, there
has been a recent increase in hospitalizations in children
infected with COVID-19 both in absolute numbers and
as well as a percentage of total COVID hospitalizations
[44]. Tt is, however, not clear whether these hospitaliza-
tions are due to severe disease or is it children admitted
for other reasons and incidentally detected to be COVID-
19 infected. Besides the direct effects, the indirect conse-
quences of the omicron surge due to school closures and
economic fallout may further worsen the physical, mental,
and social health crises in children globally [45]. It is dif-
ficult to comment on the impact of the omicron surge on
cases of multisystem inflammatory syndrome in children
(MIS-C), but no such reports from South Africa have come
in yet. However, the pattern over the next few weeks needs
to be studied given the lag between the peak of COVID-19
and occurrence of MIS-C.

India

Children have accounted for 12% of all cases of COVID-
19 in India, while they constitute 40% of the population
[46]. More than two-thirds of Indian children were sero-
positive for COVID-19 in June 2021 suggesting that chil-
dren were infected to the same extent as adults but were
either asymptomatic or not tested [47]. Since the omicron
surge in India has just begun, its impact on children is
not known yet. Again, the concern here is more of the
collateral effects, especially learning and mental health
issues of children. India has probably had the longest
period of school closures in the world [48]. As the coun-
try was readying to open schools and regularize exams,
omicron struck. School reopening may again go on the

back burner as the system gears itself to meet the other
challenges of omicron. The Drug Controller General of
India has approved two vaccines for children; ZyCoV-D
(a DNA-based vaccine) and Covaxin (an inactivated vac-
cine) for children aged 12—-18 y. The phase I/II safety and
immunogenicity study of Covaxin in 526 children aged
between 2 and 18 y showed seroconversion in 95%-98%
of the children, 4 wk after the second dose, superior anti-
body titers as compared to adults, and acceptable safety
and reactogenicity [49]. The Indian government recently
announced vaccination of all children aged 15-18 y, begin-
ning January 3, 2022 with Covaxin [36]. While vaccina-
tion of children against COVID-19 is welcome, equally or
more important is the redressal of other indirect effects of
COVID-19 in children [50].

Conclusions

Omicron has taken the world by storm. It spreads faster and
is able to evade natural and vaccine-induced immunity better
than its predecessor variants. Despite the milder severity, the
public health impact can be considerable due to the sheer
number of cases and indirect effects on the global economy.
While many privileged nations have resorted to booster
vaccines as a strategy to control the spread of this variant,
the utility of this strategy is debatable. Whether omicron is
going to script another deadly chapter in the history of this
pandemic or will it augur an end to the pandemic by replac-
ing the more virulent strains, time alone will tell.
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