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India's approach to COVID-19 vaccine distribution demonstrates a blend of strategic
planning and extensive infrastructure, enabling the country to produce over 2.4 billion
vaccine doses annually. The nation faced significant challenges, particularly in
maintaining the cold chain required for vaccine storage and transport, given that some
vaccines necessitate temperatures as low as -80°C. However, India's reliance on
vaccines that can be stored between 2-8°C has facilitated a more manageable
distribution process. The Indian government has effectively coordinated the distribution
using a combination of public and private sector resources. This includes the airlifting
of vaccine doses to key hubs across the country, from where they are transported to local
facilities. Central to the distribution effort is the Co-WIN platform, a cloud-based system
developed in India to monitor and manage the cold chain at 29,000 points nationwide.
This platform not only ensures that vaccines are stored at appropriate temperatures but
also aids in tracking vaccine distribution and administration. The Universal
Immunization Program (UIP), which traditionally handles immunization for millions of
children and pregnant women, has been repurposed to support the COVID-19
vaccination effort. The UIP's infrastructure, alongside private sector capabilities, allows
for the administration of up to 600 million doses annually. To meet the demands of the
massive vaccination campaign, India has also prioritized the training of healthcare
workers through virtual and hands-on sessions. This preparation has enabled the
efficient rollout of vaccines, particularly in rural and urban areas, ensuring broad and
equitable access across the country.

INTRODUCTION

been particularly pronounced in India, a country

The COVID-19 pandemic has profoundly  with a vast population, diverse cultural practices,

impacted the global landscape, but its effects have

and varying socio-economic conditions. As the
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SARS-CoV-2 virus spread across the
subcontinent, it exposed the strengths and
vulnerabilities of India's healthcare system,
economy, and societal fabric. This review article
aims to provide a comprehensive analysis of the
multifaceted impact of COVID-19 in India,
exploring the intricate interplay between public
health measures, cultural factors, and economic
dynamics. The virus's rapid spread across India
posed unique challenges, exacerbated by the
country's high population density and urban-rural
divide. The article begins by examining how the
virus  proliferated  within  this  complex
environment, highlighting the critical role that
Indian lifestyle and social practices played in
shaping the pandemic's trajectory. From crowded
marketplaces to multigenerational households,
these factors influenced both the transmission rates
and the public's response to government-imposed
measures. In response to the escalating crisis, India
implemented some of the world's most stringent
travel restrictions and lockdown measures. While
these actions were necessary to curb the virus's
spread, they also had far-reaching consequences
on the economy, disrupting industries and
livelihoods across the nation. The review explores
these economic ripple effects, with a particular
focus on the Indian pharmaceutical industry,
which emerged as both a victim and a critical
player in the global fight against COVID-19. The
industry faced unprecedented pressure to
accelerate drug development, scale up production,
and ensure the equitable distribution of life-saving
vaccines. Understanding the clinical aspects of
COVID-19 is crucial for contextualizing India's
public health response. This article delves into the
key symptoms of the disease and the country's
efforts in vaccine development, which culminated
in the approval of indigenous vaccines like
Covaxin. The approval process, while rigorous,
was expedited to meet the urgent needs of the
population.  Moreover, vaccine  hesitancy
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presented a significant hurdle in achieving
widespread immunization. The review discusses
the strategies employed to overcome this
challenge, including public awareness campaigns
and community engagement. Finally, the
complexities of vaccine distribution in a
geographically and demographically diverse
country like India are analysed, highlighting the
logistical challenges and successes in reaching
even the most remote areas. Through this in-depth
exploration, the article provides insights into
India's experience with COVID-19, offering
valuable lessons for managing future public health
crises and pandemics.

2.Viral Surge in the Subcontinent: COVID-19's
Spread Across India :

well, it's been quite a rollercoaster ride! At first,
the cases were mostly coming from folks who had
travelled abroad. Yup, the wvery first three
infections happened on January 30th 2020 and
February 3™ 2020 in Kerala - those folks had just
returned from Wuhan, China. Now, a month after
that, on March 3rd, two more cases popped up.
One person had been to Italy, while the other had
visited Dubai. Huh, go figure! But the government,
bless their hearts, they sprung into action. The
Ministry of Health & Family Welfare, they put out
some travel advisories, kinda like what they did for
SARS, Ebola, and the bubonic plague. You know,
the whole 14-day self-quarantine thing for
international travellers. They also restricted visas
until April 15" 2020. And on March 16™ 2020,
they suggested social distancing of less than a
meter to slow down the transmission. Now, on
March 22" 2020, Prime Minister Modi, he
encouraged everyone to observe a 14-hour Janata
curfew. And then, bam! On March 24™ 2020, the
first 21-day lockdown started. This really put a
damper on things - grocery & pharmacy trips,
recreation, retail, parks, and workplaces, all saw
huge drops, like 64% or more! But the
government, they weren't done yet. They extended
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the lockdown until May 3™ 2020, then May 17
2020, and finally until May 31% 2020. And to make
sure everyone played by the rules, they even
dusted off an old law from 1897, the Epidemic
Diseases Act, which allowed them to, you know,
inspect travellers and segregate the suspicious
ones. Now, the numbers, they just kept climbing.
From just 107 cases on March 15" 2020, it
skyrocketed to over 1,071 by March 30" 2020.
Whoa, talk about an explosion! The experts, they
reckoned that with proper social distancing and
quarantine, we could reduce cases by 62%. But
they also warned that if things kept going the way
they were, we could see over 13 lakh cases by mid-
May. Yikes! And that's exactly what happened. By
May 18th, we hit over 1,01,139 cases. Goodness
gracious! The big cities, they were hit the hardest
- Ahmedabad, Bengaluru, Bhopal, you name it.

Heck, the four major metros accounted for 40% of
all the cases in India. But you know what they say,
when the going gets tough, the tough get going.
India, she's been fighting this thing tooth and nail.
As of July 11th, 2020, we're the third-most
infected country, with over 29 lakh active cases.
But hey, we've also got over 5 lakh folks who've
recovered, and our recovery rate's a solid 60%. Not
too shabby, if | do say so myself! So there you
have it, the rollercoaster ride that's been the
COVID-19 saga in India. It's been a wild one,
that's for sure. But you know what they say, when
life gives you lemons, you make lemonade, right?
India, she's been doing just that, and I reckon she'll
come out of this thing stronger than ever.[Y Here’s
the updated information on Covid-19 infections
across various Indian states and Union Territories
as of July 1, 2020.1%]

Table :- 1
States Active Cured/ Deaths Total
cases | discharged confirmed
cases
Andaman and 47 50 0 97
Nicobar
Andhra Pradesh 7897 6511 187 14595
Arunachal 128 62 1 191
Pradesh
Assam 2568 5647 12 8227
Bihar 2289 7687 67 10043
Chandigarh 70 364 6 440
Chhattisgarh 597 2250 13 2860
Dadra and 131 83 0 213
Nagar Haveli
Daman Diu
Delhi 26270 58348 2742 87360
Goa 716 596 3 1315
Gujrat 7049 23662 1846 32557
Haryana 4340 9972 236 14548
Himachal 363 580 10 953
Pradesh
Jammu and 2674 4722 101 7497
Kashmir
Jharkhand 591 1884 15 2490
Karnataka 7078 7918 246 15242
Kerala 2112 2306 24 4442
Ladakh 324 648 1 973
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Madhya Pradesh | 2626 10395 572 13593
Maharashtra 75995 90911 7855 174761
Manipur 681 553 0 1234
Meghalaya 9 42 1 52
Mizoram 38 122 0 160
Nagaland 291 168 0 459
Odisha 1851 5189 25 7065
Puducherry 430 272 12 714
Punjab 1557 3867 144 5568
Rajasthan 3381 14220 413 18014
Sikkim 37 52 0 89
Tamil Nadu 38892 50074 1201 90167
Telangana 8785 7294 260 16339
Tripura 301 1086 1 1388
Uttarakhand 609 2231 41 2881
Uttar Pradesh 6711 16084 697 23492
West Bengal 5761 12130 668 18559

3.Cultural Dynamics and Health: How Indian
Lifestyle Influenced COVID-19

Life in India, well, it's a mix of urban & rural areas
- & both got hit hard by COVID-19, you know?
The disease was spreading like wildfire in all the
major cities & state capitals earlier on. But people
from both the rural & urban sectors, they're really
going through a traumatic situation. COVID-19,
it's had a pretty negative impact on people's lives,
no doubt about it. To control the spread, they
enforced lockdowns & social distancing measures.
Imagine, 1.3 billion people were stuck at home
from March 24th! But social distancing, that's
tricky in places like the Mumbai slums, where
houses are barely 10x10 feet. How're folks
supposed to stay apart, right? No surprise then that
Maharashtra (with 75,995 cases by July 1st) &
Mumbai have seen the max cases. You know, the
sudden lockdown forced millions of migrant
workers to go back to their villages, with no
family, food or jobs. They had to just walk home -
the second biggest reverse migration after
Partition! Can you imagine the mental toll that
must've taken? Psychosocial issues galore, | bet.
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Work-from-home was advised, but that's really
only feasible for the urban upper/middle class.
Rural folks, they don't have easy access to
computers & internet. Even the IT industry, with
its call centres, they struggled to adapt. Though the
telecom biz did see a 60% hike in WiFi equipment
demand! Education's also taken a major hit.
Schools shut down, so the online classes, well,
they only worked for urban students with
smartphones. Rural kids, they got left behind big
time. Medical facilities, they faced a crisis too.
Beds were scarce, treatments for other conditions
got disrupted. TB patients, they got hit extra hard.
But colleges, hotels, even train coaches - they all
got converted to quarantine centres, so kudos
there. The isolation, fear, uncertainty - it's all
taking a huge psychological toll. Unemployment's
soaring, people are stressed, depressed, even
suicidal. Over 1,34,000 suicides in India in 2018
already. Plus, lockdown made people sedentary &
unhealthy. Not all bad though - some diabetic
patients even improved their lifestyle & managed
their condition better! Any who, that's the long &
short of how COVID-19 has impacted life in India.
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It's been rough, no doubt. But hey, we're a resilient
bunch - we'll get through this, one way or another.
e Lockdown Chronicles: The Impact of
Travel Restrictions in India :
1. Domestic Travel Restrictions
Lockdowns Everywhere: The first nationwide
lockdown in India started on March 25,2020.
During this time, travel mostly banned. Only
essential services could work. This lockdown
lasted all the way until the end of May2020! After,
things began to up gradually.
Between States: At first, traveling between states
was tightly controlled. Many states made travellers
get e-passes just to cross borders. Plus, some
travellers had to quarantine—either in a facility or
at home—based on local rules. In some places,
people even had to get tested for COVID-19 before
leaving or when they arrived.
Public Transport Trouble: Public transportation
like trains and buses stopped running during the
initial lockdown. When things began again, they
had to follow strict safety measures. Masks were a
must! There was thermal screening too, plus
keeping distance between people and regular
cleaning of vehicles. Indian Railways slowly
brought trains back with special services while
sticking to these guidelines.
2. International Travel Restrictions
Flights on Hold : Starting March 22, 2020,
international flights were cancelled from and to
India. To help stranded Indians abroad, the
government kicked off the Vande Bharat Mission
in May 2020. They also set up air bubble
agreements with different countries to allow
limited travel under certain conditions.
Quarantine & Testing : Travelers coming into
India from other countries had to spend 7 to 14
days in mandatory institutional quarantine first!
After that, it was often home quarantine depending
on where they went next. Many needed negative
RT-PCR test results before getting on flights and
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again upon arrival at airports which even had
testing setups ready.

Visa Changes : The Indian government put a stop
to all tourist visas due to these travel rules. Only
certain travellers—like diplomats and UN
officials—were allowed in the country for
essential tasks.

3. Easing Restrictions Slowly

Unlock Phases Kick off : From June 2020
onward, India started opening up again with
something called the "Unlock™ process! Domestic
flights and trains began operating but only at
limited capacity—and always following safety
protocols! Some states relaxed their travel rules
but kept quarantines for travellers depending on
local COVID-19 situations.

Guidelines Continue Even with fewer
restrictions, strict guidelines stayed in place for
everyone traveling: wearing masks was vital,
keeping distance mattered too; oh—and
sanitization was a must! States like Maharashtra
and Tamil Nadu kept more stringent rules due to
higher case numbers.

4. Effect on Tourism

Travel restrictions totally changed India’s tourism
scene!  With lockdowns everywhere, both
domestic and international tourism took a big hit—
a huge drop really! Lots of popular spots closed
down and moving around was controlled tightly—
especially in areas hit hard by COVID-19. Hotels
and airlines felt significant losses leading many
businesses to let go of staff or even shut down.

5. Government Steps & Tech Usage

Travel Rules Set : Throughout this crazy time,
both the Ministry of Health and Family Welfare &
Ministry of Civil Aviation kept updating travel
guidelines regularly to keep everyone safe from
spreading the virus while traveling by air or road
or rail

Aarogya Setu App Launch : Back in April 2020,
India introduced the Aarogya Setu app—a contact
tracing tool plus self-assessment for health issues
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related to COVID-19! It became important for
travellers to use it—helping them keep track of
their health while also getting alerts about possible
exposure!

6. Today’s Status & What It Means Gradually
As things improved and more folks got vaccinated,
many travel restrictions disappeared! But this
pandemic changed how we view travel now
focused more on health & safety practices than
ever before! More digital health passes have
appeared too alongside contactless services
moving forward in our traveling world!
4.Economic Ripple Effects: COVID-19's Toll
on the Indian Economy :

The Indian economy, a developing market, has
been facing a crisis for a while now. Last year, it
saw its growth dip to a measly 4.9% - the lowest
since 2013. You know what they say, "When it
rains, it pours!” The primary culprit?
Demonetization back in 2016. Yup, that's right -
86% of the cash in circulation was rendered
useless overnight. Ouch! This had a massive
negative impact on industries, like vehicle sales,
especially the beloved motorcycle, which is a
staple in rural India. But hey, it's not all doom and
gloom. India's tourism sector is still a powerhouse,
ranking 34th among the 140 economies worldwide
in 2019. In 2018-2019, over 10 million foreign
tourists visited India, pouring tons of cash into the
economy. Cha-ching! Now, when Prime Minister
Narendra Modi announced the 21-day lockdown,
he warned us about the economic impact. The All
India Association of Industries (AlAI) estimated a
whopping $640 million loss, with growth
projected to be between 5 and 5.6% till 2022.
Yikes! After just the first lockdown phase, we saw
electricity demand plummet by 30%, port traffic
drop by 5%, oil demand decrease by 70%, and
Indian rail activity dip below 36% compared to the
previous year. Unemployment skyrocketed to 19%
after a month, and by April 24th, it was a
staggering 26% across India. But hey, it's not all
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bad news. Some businesses, like Swiggy and
Zomato, two leading food delivery players, had to
let go of some employees. Bummer, but they used
to handle over a million orders a day across more
than 300 cities. The tourism sector is also expected
to see a 70% job loss. Ouch, that's rough. And let's
not forget about the folks who depend on daily
wages, like autorickshaw drivers, carpenters,
delivery boys, and more. They're really feeling the
pinch. However, a silver lining - the lockdown in
China might just open up a new opportunity for the
Indian economy. Senior industrialists are hoping
that India can become the new manufacturing hub
for the world. But, India needs to step up its game
in the raw material sector to make this a reality.
One bright spot? The pharma industry, where India
depends on 70% of its pharmaceutical ingredients.
And with oil prices plummeting, India can take
advantage and stock up for the future. Despite the
massive economic losses, the government had no
choice but to implement the lockdown. But hey,
they're trying to stir things up with a $266 billion
package, which could improve the GDP by 4%.
Not too shabby, but still not enough to reach
India's previous growth levels. Ah, the challenges
of a developing economy! [

5.Pharma under Pressure: The Impact of
COVID-19 on India's Pharmaceutical
Industry:

With Chinese generation exercises suspended,
Indian pharma companies are debilitated by
merchandise in brief supply. China conveys nearly
70 percent of the dynamic pharmaceutical fixings
(API) for solutions delivered by Indian companies,
clearing out them defenceless in keeping up its
supply chain. In expansion, storing buys made an
manufactured deficiency of API, driving to a bulge
in the cost for paracetamol, vitamins, and
penicillin.Bl At the same time, as a defensive
degree, the Gol introduced an trade boycott on
basic drugs.[* Both disturbance in supply and trade
confinements debilitate the accessibility of basic
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solutions and generics, particularly “in the setting
of the COVID-19 widespread, worldwide
dependence on Indian generics is likely to ended
up a complex universal challenge”. Considering
the generation capacities of Indian pharmaceutical
companies, anticipating disabilities of their
generation and supply chains will increment the
readiness for huge scale generation for COVID-19
demonstrative devices and potential
immunizations. Significantly, this will not as it
were back India’s economy, but too contribute to
the worldwide reaction in handling this flare-up.!
There is a political will to incentivize the industry
to increment residential API fabricating capacity
to diminish reliance on Chinese imports and
reinforce national security.® portray the dangers
to the supply and quality of tests, drugs, and
immunizations forced by inadequately prove with
respect to COVID-19 and deficiencies that flourish
substandard or distorted drugs. ®! For India, the
Medication Quality Observing Globe File detailed
issues related to substandard or adulterated
restorative items. There were reports on fake
immunizations or hand sanitizers sold at over the
top costs.!] Anti-malarial sedate
hydroxychloroquine was significantly utilized as
the prophylaxis to COVID-19.18! India at first
prohibited the send out of hydroxychloroquine
from assembly the residential requests; in any
case, the boycott was mostly elevated after the US
government asked the trade of
hydroxychloroquine for infection avoidance. The
sedate was to be sent out to 20 more nations
putting demands for the tablets.[®! India supplies
70% of the world’s hydroxychloroquine and is
pointing to send out 250  million
hydroxychloroquine tables to nations looking for
medication.['%] In any case, due to a need of prove
on the viability of the sedate [, WHO suggested
hydroxychloroquine to go beneath solidarity trial
in over 35 nations.[*2]
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6.Unmasking the Virus: Key Symptoms of
COVID-19:

COVID-19 can show with lots of different
symptoms. Some folks might just feel a little sick,
while others can get very, very ill. It’s important to
know that the signs aren’t always clear-cut. Some
people even have no symptoms at all! This is
called being asymptomatic. In fact, studies show
that anywhere from 1.6% to 51.7% of COVID-19
cases don’t show the usual signs, like a cough or a
fever. Their lung scans look normal too.[*]

Now, let’s talk about some commonly seen
symptoms of COVID-19. People often report

having:
o Fever
e Dry cough
e Fatigue

But there are also some other symptoms you
might notice that are less common. These
include:

e Loss of taste or smell (especially concerning)

e Stuffy nose

e Red eyes (that’s conjunctivitis!)

e Sore throat

e Headaches

e Muscle or joint pain

e Various rashes on the skin

e Nausea or vomiting

e Diarrhoea

e Chills or dizziness
Sometimes, before getting really sick, one could
feel a sore throat, a runny nose, or head confusion
days before the fever hits. So yes, fever is super
important but not always the first sign!

In severe cases of COVID-19, here are some
serious symptoms to watch out for:

e Shortness of breath

e Loss of appetite

e Confusion

e Ongoing chest pain or pressure

e High fever (above 38 °C)

365|Page



Bhavesh Patil, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 1, 358-375 |Review

Don't forget that other less common symptoms
can show up too, like:

e Feeling irritable

e Confusion

e Lessawareness (which can sometimes lead to

seizures)

e Anxiety or feeling down

e Sleeping problems

e Serious neurological issues like strokes and

brain swelling

People need to remember: if you’re feeling really
unwell—Ilike having a fever and/or cough along
with trouble breathing, chest discomfort, or losing
speech/movement—it's time to get help quickly!
Call your healthcare provider or a health facility if
you can. They’ll guide you to the right place for
care! [14]

7.Race Against Time:
Development in India :
Coronaviruses are special types of viruses. They
have a spike-shaped protein on their surface. This
spike helps the virus attach to cells and enter them
during an infection. Because of this, it's a great
target for vaccines. Most companies making
vaccines are focusing on this spike protein, instead
of using whole inactivated viruses. There are
different methods being tried out to develop these
vaccines. Usually, vaccines can be inactivated,
live attenuated, or just parts of the virus (subunit).
But! Many researchers & companies are now
experimenting with new and exciting techniques.
In India, there are two locally made vaccines that
have gotten the green light for commercial use—
COVAXIN from Bharat Biotech partnered with
ICMR, and CoviShield from Serum Institute also
linked with ICMR. Meanwhile, there’s another
one called ZyCov-D by Zydus Cadila that is still
undergoing clinical trials.[*®! It’s super important
for the Indian government and local firms to
partner up with manufacturers who can help make
these vaccines for everyone in the country. Right
now, India produces about 120 million vaccine

COVID-19 Vaccine
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doses each month.[*81 That's a lot! This capacity is
used for many vaccines targeting different diseases
both for people at home & worldwide. However,
not all of this production can change to COVID-19
vaccines alone, or we might see other diseases
become a bigger problem again in the future. After
all, fighting COVID-19 shouldn't come at the cost
of facing another illness down the line! Therefore,
boosting vaccine production is crucial to meet
everyone’s needs! Now let’s look at how vaccine
development happens. The pace of creating
vaccines has never been as fast as it is now! You
see, the pandemic has pushed everyone to rethink
usual methods—it's tough but also needed! The
vaccine development process includes several
steps: exploratory, preclinical, and clinical stages.

Exploratory stage :- In the exploratory stage,

researchers do basic lab work to come up with an

idea for an antigen that fights the disease. This
stage can take about 2-4 years!

The preclinical stage :- The preclinical stage

involves testing safety using tissue cultures, cell

cultures & animals like mice or rabbits to see how
well candidates can work and what side effects
they could have. By studying these animals’ blood
responses, scientists get clues about what might
happen in humans. They also find out what a safe
starting dose could be moving forward—important

stuff! [171 During this stage that lasts around 1-2

years out of 100 candidates usually only 6 move

on! Once ready, they inform regulatory authorities
about the candidate vaccine along with all the data
collected.

The clinical phase

Next comes the clinical phase which proceeds

through at least three stages—and there’s even a

fourth phase that checks safety post-marketing!

e Phase I :- Phase I involves a small group of
healthy adults—typically around 20 to 80
volunteers—getting administered the
candidate vaccine to study safety & immune
responses. If kids need vaccination later on,
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they first test adults & then gradually shift
down in age groups.

e Phase Il :- Phase Il follows where several
hundred more individuals try it! Some may
even belong to higher-risk groups! They
randomly assign two groups—one gets the
vaccine while another (placebo) does not—to
really compare things. Here again safety and
immune response are checked closely.

e Phase Il :- Finally comes Phase Il where
thousands join in testing how safe it really is
among many different people. If side effects
appear about every 1 out of 1000 cases—that's
when they need around 60 thousand subjects
for this stage! Their immune systems are
watched closely to see if they produce enough
antibodies and whether getting infected is
prevented or if it helps them get less sick. Once
Phase 111 looks good, then manufacturers apply
for a license from authorities like India's
DCGIl—they review everything before giving
permission! (8]

8.From Trials to Triumph: The Journey of

Vaccine Approval in India :

The Government of India has set up the National

Expert Group on COVID-19 Vaccine

Administration (NEGVAC) to provide guidance

on various aspects of COVID-19 vaccine

administration in India. India started vaccination
against COVID-19 on January 16, 2021.191 As of

December 2021, India's Covid vaccination

coverage exceeds 145 crore, including first and

second dose of the currently approved vaccines. 0]

In India, 69% of people above 60 years of age are

fully vaccinated, 73% in the 45-59 age group are

fully vaccinated and 55% in the 18-44 age group
have had a reaction to two doses.[?] The Drug

Administration of India (DCGI) approved the

Oxford AstraZeneca vaccine for emergency use on

January 1, 2021.1221 The indigenous vaccine,

BBV152 (trade name ‘Covaxin’), was developed

by Bharat Biotech in collaboration with the Indian
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Council of Medical Research and the National
Research Institute of India. The National Institute
of Virology approved it for emergency use by the
DCGI on January 2, 2021.128] The implementation
of the first phase includes healthcare workers and
frontline workers such as police, military
personnel, sanitation workers, and disaster
management volunteers. As of March 1, only 14
million healthcare workers and frontline workers
have been vaccinated, falling short of the target of
30 million.[?4251 All persons over the age of 60,
persons between the ages of 45 and 60 with one or
more relevant comorbidities, and healthcare
workers or frontline workers who were not
vaccinated during Phase 1 are included in the next
phase of vaccination. The persons listed above are
eligible ), with the aim of increasing vaccination
coverage by vaccinating as many people as
possible. By the end of the ‘Utsav’, the total
number of vaccines administered in India had
crossed 111 million doses.[?6311 On 12 April 2021,
the DCGI approved Russia's Sputnik V vaccine for
emergency use in India. 321 On 19 April 2021, it
was announced that the next phase of vaccination
would begin on 1 May 2021, making all residents
above the age of 18 years eligible. 331 On 13 May
2021, the DCGI approved Phase 2 and 3 trials of
Covaxin in children aged 2-18 wyears. The
regulator allowed nationwide vaccination
registration on 23 May 2021, and healthcare
workers at the vaccination centre recorded the
recipients’ results on the Co-win vaccine
database.**! In an affidavit filed with the Supreme
Court, the government claimed that as of 23 June
2021, around 78% of the vaccine had been
delivered through appointment bookings for
registration. [31 The court issued a notice calling
for a review of the central government’s
vaccination plan, and alleged that the decision to
provide free vaccines only to essential workers and
residents above the age of 45 years was “unfair and
unjust on its face”.?®1 As of 23 June, over 300
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million doses of vaccine had been distributed.7]
On June 28, 2021, India surpassed the United
States in total number of vaccinations. The DCGI
approved the Moderna vaccine (manufactured by
Cipla) for emergency use in India on June 29,
2021.B8 India reached the 500 million dose
threshold on August 6, 2021, just six months after
the start of the vaccination programme. 3?1 The
Drug Regulatory Authority of India (DCGI)
approved the emergency use of the Johnson &
Johnson single-dose vaccine on August 7, 2021.14]
The ZyCoV-D vaccine is manufactured by Zydus
Cadila and is available for adults and children aged
12 years and above. Use a needle-free applicator
to administer the vaccine. The government
announced on September 30, 2021 that the
ZyCoV-D vaccine will be a triple vaccine and will
be included in India’s COVID-19 programme.[-
431 Among vaccinated adults who received at least
one dose of the recommended vaccine, first-dose
coverage was 99% among healthcare workers and
100% among frontline workers. [*4 India set a new
world record by administering more than 10
million doses (10 million doses) of Covid-19
vaccine in a single day on 27 August 2021. 4
Vaccination as part of the 'Vaccine Seva' event on
Narendra Modi's birthday on 17 September 2021.
This is the world’s largest single-day vaccine trial
to date.*] On September 28, 2021, the
government and India's drug regulator allowed
vaccine manufacturer Serum Institute to enroll
children aged 7 to llyears in its COVID-19
vaccine trial.[*”] India reached the milestone of 1
billion doses administered on 21 October 2021.[4¢]
The vaccines were rolled out to protect the health
and safety of frontline workers and people under
60 years of age, those with infectious diseases or
other health conditions. It also said that
vaccination for children aged 15 to 18 years would
begin on 3 January 2022. 1491 The only vaccine
available against COVID-19 for children aged 15
to 18 years is Covaxin. % India has approved
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eight vaccines against Covid-19. The company is
currently using only three vaccines: Covishield,
Covaxin made by Indian firm Bharat Biotech, and
Russian-made Sputnik V.

e Covaxin (BBV152)

So, Covaxin got the green light from the Central
Licensing Authority (CDSCO) to be sold or
distributed. This was a big deal! It’s been approved
for use in emergency situations to help keep people
safe, even though it's still in clinical trials. Pretty
cool, right? In the phase 1 and phase 2 tests,
Covaxin proved it could make antibodies
specifically for COVID-19. A Subject Expert
Committee (SEC) looked at the data from all the
phases, 1 through 3, at each step. After they
checked out the Phase 3 results, they suggested
that the Drugs Controller General of India (DCGI)
give Covaxin a license to market and manufacture
it. Yay for science! [51-53]

e Covishield

Did you know that almost 88% of all vaccine doses
given in India so far are from Covishield? It’s
basically the same as the Oxford-AstraZeneca
(ChAdOx1 nCoV-19) vaccine. In some areas, it’s
been the only vaccine available! Amazing, right?
541 This Oxford AstraZeneca vaccine uses a
harmless chimpanzee adenovirus. It carries a piece
that’s like the SARS-CoV-2 spike protein. When
you get this shot in your arm, your body starts to
make these spike proteins. Then your immune
system Kkicks in and gets ready to fight off
infections later on. It’s super clever! On the flip
side, Bharat Biotech’s COVAXIN works with the
whole inactivated SARS-CoV-2 virus.[555

e Sputnik V

Guess what? The first licensed COVID-19 vaccine
came from Russia! It’s called Sputnik V. They
used two types of carrier viruses: Ad5 and
vesicular stomatitis virus—these were also used in
an earlier Ebola vaccine made at Gamaleya
National Research Centre for Epidemiology and
Microbiology in Moscow. The idea is pretty neat:
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they use something called prime-boost with two
different vectors. Denis Logunov and his team
shared their exciting findings from a phase 3 trial
of Sputnik V in The Lancet. These results showed

strong protection across all ages of participants.
Isn’t that fantastic? Lots of hope for everyone
involved! [56:57]

Table :-2

Vaccine hame Vaccine company Type of vaccine | No. of doses Efficacy
Covaxin Bharat biotech Inactivated 2 78%
Covishield Oxford-Astrazeneca | Viral vector 2 81%
Sputnik V Gamaleya Viral vector 2 94.3%
Spikevax Moderna MRNA 2 94.1%
ZyCoV-D Zydus cadila DNA 3 66.6%
Covovax NOVAVAX Subunit 2 90%

9.Breaking Barriers: Strategies to Overcome
COVID-19 Vaccine Hesitancy in India :
Vaccine hesitancy in India is a tricky problem. It’s
not just a simple issue; it’s pretty complex! All
around the world, including here in India, people
are working hard to boost COVID-19 vaccination
rates. To tackle this, India needs to take strong
steps to build trust & get rid of vaccine hesitancy.
During the pandemic, the Ministry of Health &
Family Welfare (MOHFW) in India has used
many strategies to raise awareness, improve
vaccination numbers, and fight against COVID-
19.

e Policy Level

Lessons can be learned from past experiences with
vaccines for different diseases that matter to India.
There's been a lot of distrust in the healthcare
system historically. This has made poorer and
marginalized groups hesitant to join earlier
vaccination campaigns like for measles and
rubella.’8 The first smallpox vaccine doses
arrived in India back in 1802. Sadly, many people
did not take the smallpox vaccine because they had
to pay for it or didn’t trust how vaccinations
worked. Some even thought it was a punishment
from above! In 1892, India brought in the
Compulsory Vaccination Act to improve the
smallpox vaccine numbers, hoping to prevent any
outbreaks. By the late 1800s, vaccine development
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was spreading worldwide; India was one of the
few countries involved! The Expanded
Programme of Immunization started in 1978,
followed by the Universal Immunization
Programme in 1985. [59 Thanks to these efforts,
smallpox was wiped out in India by 1977! Polio is
mostly gone too. And with managing measles
effectively, eradicating SARS-CoV-2 seems
possible now! [ Making the COVID-19 vaccine
cheaper for college students could really help
lower hesitancy as well. 611 However, there are big
flaws in how the government shares information
about COVID-19 vaccinations right now. The
second wave hit just as capacity-building for
communication at all levels was supposed to
happen. %2

e Interpersonal Level

On a personal level, it’s all about how doctors talk
with their patients. Research shows that doctors
can really boost vaccination rates through
conversations & interactions. People generally
trust doctors more than anyone else when it comes
to health information—especially during COVID-
19! 63 The quality and strength of
recommendations from doctors can make a big
difference too. Strong endorsements can build
trust in vaccines and calm worries about safety! At
an individual level, efforts target both healthcare
workers & patients. While training them
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separately might not be super effective, combining
training with group sessions can help healthcare
teams speak confidently about vaccinations & ease
patient worries.

e Organization Level

Right now, hesitancy around COVID-19 vaccines
is everywhere and affects many groups due to
various reasons like not having good information
about how safe & effective vaccinations are.
Sometimes they’re too expensive or hard to get!
Also, some folks don’t have easy access to
technology & might distrust government
initiatives t0o.[%1 To fight this widespread
hesitancy,  everyone—governments, health
policymakers & media—needs to work together!
[65] Several organizational strategies are being put
in place to boost immunization rates: things like
nurse visits or reminders can make a big
difference! (66671 Advocacy efforts should involve
many people at different levels—from local
communities up to national leaders. Engaging
religious figures and using social media are great
ways to spread the word too! Training auxiliary
nurse midwives and local healers can also help
reach more people effectively. Plus, keeping a
close eye on what’s trending online is important so
that misinformation can be corrected quickly! The
National Media Rapid Response Cell is here for
just that—nhelping district collectors handle false
info about vaccinations ASAP! (8] Misinformation
about vaccine safety & benefits spreads fast and
can really change how people feel about getting
vaccinated. [%° Trusting our government plays a
big role here too; when people believe what
officials say, they’re more likely to cooperate with
safe practices!["]

10.Challenges in Vaccine Development
Developing a new vaccine can be tough. The
SARS-CoV?2 virus, for instance, changing fast.
Scientists have noticed many genomic changes in
it. Usually, the best way to see if a vaccine works
is to give it to people and then expose them to the
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virus, comparing them with those who didn't get
the vaccine. But COVID-19, doing that would be
wrong since the illness is still changing and
effective treatments aren't available yet. Right
now, we just can’t say how safe or effective these
vaccines will be until we review the data from
Phase 3 clinical trials properly. There’s also the
need to look at things like T cell responses and
other parts of our immune system. Questions about
antigens, how many doses are needed, how long
immunity lasts, & if boosters will be necessary are
important too. Currently, all trials focus on healthy
folks. We also need to test these vaccines on high-
risk groups like Kids, seniors, and those with
weaker immune systems or diseases like diabetes
and heart problems. Safety tests should ideally
include many different people from various
backgrounds & places. Even when we think a
vaccine is safe & effective, getting it out there
fairly for everyone who needs it will be a big job!
There’s so much to figure out about storage,
transport, & administering it at local levels — it's
quite a challenge! By the time a good COVID-19
vaccine is ready and logistics are all set up, who
knows? The pandemic might be winding down on
its own!

11.Covaxin: India's Indigenous Response to the
Pandemic

Covaxin is an emergency use vaccine that could
help prevent COVID-19. The Central Licensing
Authority (CDSCO) approved it for this use
because it's important for public health as a
precautionary measure during clinical trials.[’t In
earlier phases (Phase 1 & 2), Covaxin showed it
can help create antibodies against this virus.

Here are some key features of COVAXIN®:

1. It contains immune boosters called adjuvants—
these help make the vaccine work better.

2. The vaccination requires two doses given 28
days apart.
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3. No need for ultra-cold storage—it’s stable at 2-
8°C in multi-dose vials and doesn't need mixing
beforehand.

4. Pre-clinical studies showed good immune
responses in studies with hamsters & non-human
primates.

5. DCGI gave its approval for Phase | & Il Human
Clinical Trials back in July 2020.

6. In Phase 1, 375 subjects showed great safety
data with only about 15% reporting mild side
effects.

In Phase 2, they tested on 380 participants aged 12-
65 and got similar safe results while showing solid
immune responses!

e Research & Development

The trials for India’s own COVID-19 vaccine,
Covaxin (BBV152), are wrapped up successfully!
The findings were published in The Lancet

Infectious Diseases—they show that Covaxin is
both safe & creates a strong immune response
without any serious reactions after three months of
following up from Phase I trials! That's some solid
news! [72761 Phase 2 was a big study! It looked at
Covaxin's safety & how well it works in healthy
folks aged 12 to 65. This study happened in nine
hospitals across India.l’”l The researchers shared
their findings in a Lancet published paper. They
looked at 380 volunteers who got vaccinated and
noticed some exciting things. BBV152 really
boosted immune responses! It made T-cell
responses lean towards T-helper-1 (Th1). That’s a
good sign! In fact, Phase 2 had a lot more
neutralization responses than Phase 1. Why? Well,
it was all about when the doses were given! In
Phase 1, people got their two doses after 14 days.
But in Phase 2, they waited 28 days.

* Manufacturer :- Bharat Biotech

* Vaccine Type :- Inactivated

* Research name :- BBV152

* Storage Temperature :- 2-8 degree Celsius

* Doses :- Two doses (0 & 28 days)

* Administration method :- Intramuscular

injection

« Efficacy :- 81%

* Price :- RS.250 per dose

Figure 1 : salient features of Covaxin

Good news here! The adverse events reported in
Phase 2 were much lower than those seen in Phase
1. Researchers found the usual trouble spots:
people felt pain where they got the shot, had
headaches, felt tired, or had a fever. But
thankfully, there were no life-threatening issues
reported! Plus, the study found no significant
differences between how men and women reacted
to the vaccine. So it seemed like everyone did
pretty well1178]

Now about the Phase 111 results of Covaxin — they
hinted at an impressive efficacy rate of 81% for
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preventing Covid-19 in those who hadn’t been
infected before, after they received two doses.

e Some side effects of COVAXIN

Bharat Biotech shared some possible side effects
too! Here are some you might notice:

1. Pain at the injection site

2. Swelling around that spot

3. Redness there

4. Itching at the site

5. Stiffness in your upper arm

6. Weakness in the arm that got the shot

7. Body aches
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8. Headaches

9. Fever

10. Feeling unwell (malaise)

11. Dizziness & weakness

12. Rashes

13. Nausea

14. Vomiting

15. Allergic reactions

16. Swelling in your face and throat

17. A quick heartbeat

It’s also important for breastfeeding moms &
pregnant women— doctors advise them to avoid
getting this vaccine dose.[7280]

e How does COVAXIN work?

COVAXIN is an interesting vaccine—it’s made
from an inactive form of the SARS-CoV-2 virus!
It uses special immune boosters called adjuvants
(specifically Alhydroxiquim-11) to help your
immune system respond better and last longer
against infections.[¥ The vaccine is created by
mixing the inactive virus with this special
ingredient from a company called ViroVax based
in Kansas. So what’s inside COVAXIN? Well, it
has 6 micrograms of whole-virion inactivated
SARS-CoV-2 antigen (the strain: NIV-2020-770),
along with other inactive components like
aluminium hydroxide gel and a few others
totalling up to half a millilitre. And here's a nice
perk: You don't have to keep COVAXIN super
cold! It can be stored simply between 2 to 6
degrees Celsius and comes in multi-dose vials,
making it easy to use.[®

12.Equitable Immunization: The Challenges
and Strategies of COVID-19 Vaccine
Distribution in India :

India is doing well with vaccine production! The
country can make over 2.4 billion doses each year.
They also produce many necessary medical items,
like vials, syringes, gauze, & alcohol swabs. But
there was a big challenge at first—the storage &
transport of these vaccines. They need to be kept
at specific temperatures. Some vaccines from
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around the world have to be stored super cold
temperatures, like -80 °C! Luckily, the vaccines
India started distributing only need to be kept
between 2-8 °C. The Indian government is busy
making sure the vaccines get to everyone quickly
& safely. Vaccine makers are airlifting doses in
cold boxes with special temperature tags to four
key places: Karnal (Haryana), Mumbai, Chennai,
and Kolkata. There, they keep the vaccines in huge
coolers. After that, planes or insulated vans will
take those vaccines to different spots across 37
States/UTs. From 41 centres, they go to local
facilities to keep them at the right temperature. The
vaccines are stored in ice-lined refrigerators and
moved in cold boxes to vaccination sites later.
There’s a clever system called Co-WIN that helps
keep track of the temperature at 29,000 points
along the way! Co-WIN is a cloud-based platform
made by India but open for anyone to use. The
Indian government is happy to help other countries
with it too. The first COVID-19 vaccine doses are
given out through the Universal Immunization
Program (UIP). They’re also teaming up with
private companies that have cold storage and
transport systems available. Right now, UIP is
providing immunizations for around 26 million
children & 30 million pregnant women every year!
With over 26,250 cold-chain points at subdistrict
centres (out of 28,932), this makes it easier for
vaccines to get where they need to be. Thanks to
UIP's equipment and partnerships, India can
manage around 600 million doses yearly—while
private sectors can handle about 250-300 million
doses on their own. This means up to 400-450
million people could get vaccinated each year in
India. However, since vaccination began in
January 2021, it’s likely only one-third of the
population could be vaccinated by early 2022 if
everything goes as planned—but that’s tough since
other vaccinations also need attention! That’s why
improving storage & transport systems is super
important right now! Dr. Harsh Vardhan, India’s
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Health Minister, encouraged states even back on
October 15, 2020—to create solid plans for storage
& distribution. The government is on the lookout
for companies with cold storage solutions across
cities for safe distribution under careful watch—
using both public & private resources is smart
during this health emergency! Food cold chain
facilities will help here too because they already
have great infrastructure and management
practices.

e Manpower Needs

India’s UIP employs about 55,000 cold-chain
workers along with 2.5 million health
professionals. These workers will kick off the
vaccination process. According to officials, no
extra manpower should be needed for healthcare
workers initially since existing staff may handle it
well. However, when vaccinations roll out for
older adults or those who might have health issues
along with kids—more trained medical staff will
be necessary! New hires will receive vaccinations
before they start working too! Those above age 60
and others over age 45 with certain issues already
began getting shots on March 1st, 2021. The
government asked states to start training additional
personnel early on. Virtual sessions for
vaccinators kicked off on December 5th, 2020!
The ‘Integrated Govt Online Training” (IGOT)
portal was launched on a digital platform so
frontline workers could learn about COVID-19
measures easily! Staff across states learned how to
use Co-WIN for tracking vaccinations after
completing their training. While virtual training
was helpful where possible—the majority
happened in classrooms which allowed hands-on
experience with safe transmission practices too!
About 49,604 Medical Officers were trained
regarding operational guidelines in just over half a
year! By now more than 7,000 folks have finished
their trainings but even more are still needed! With
more than 18 thousand new blocks set up for
vaccinations—teams of five members (who are
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skilled!) are already at work in nearly 1400 blocks
on-site! Since urban & rural campaigns are
launching together—midwives & auxiliary nurse
midwives were among the first trained since they
know these areas better. These workers will help
make sure rural health needs are met effectively
too! The government's looking at involving allied
healthcare professionals like pharmacists; their
skills can ensure proper vaccine care too—all
while considering legal changes so they can
administer shots safely! Most current clinical trial
vaccines will need shots given through muscles—
it’s important vaccinators feel confident handling
all types coming soon so they can manage all
future needs too! There are a lot of private labs
popping up in urban & rural settings nowadays;
they would help immensely if joined into these

programs under careful supervision while
engaging their robust infrastructures!
e Implementation of The Program
Initially COVID-19 vaccination will mostly

follow government guidelines closely—with
precise cooperation amid all levels ready
upfront—nationally down into districts! Twenty-
three ministries and many partners pitch in
planning this massive undertaking! Each role
detailed in guidelines provided by India’s Ministry
of Health and Family Welfare means every step
follows protocol closely wusing Co-WIN
technology—for tracking who got vaccinated
properly as well! Beneficiaries can pick their
convenient locations based on available spots
while automated SMS/Emails remind them when
& where too—all aimed carefully so things run
smoothly without overcrowding! Each day?
Generally targeting around 100 individuals per
session—but some sites being allowed total action
nonstop giving a chance for double the amount per
day or more depending upon experience gained
initially: [ With multiple approaches being
prepped based on supplies/capacity tools—from
strategies already established resembling general
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elections ensure widespread efficient coverage—
we're suggesting using respected structures built
earlier backing governance rules needing
adjustments moving forward efficiently phase
after phase while still ensuring select audiences

benefit faster definitely works best today yet keeps
all angles tough-minded despite this sad ole
pandemic moving among us regularly impacting
our daily lives continually...
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Figure 2: Organisation Structure to Oversee and Deliver Covid-19 Vaccine

13.CONCLUSION:
The COVID-19 pandemic has profoundly
impacted India, influencing every facet of society
from public health to the economy. The rapid
spread of the virus prompted stringent travel
restrictions and  necessitated  significant
adaptations in  daily life. The Indian
pharmaceutical industry played a crucial role in
developing and distributing vaccines, notably
Covaxin, amidst numerous challenges. Vaccine
hesitancy and logistical hurdles complicated the
vaccination campaign, yet significant progress was
made in vaccine development and approval
processes. Overall, the pandemic underscored the
importance of robust public health infrastructure,
timely policy responses, and international
collaboration in managing global health crises.
REFERENCES
1. International Council for Harmonisation
(ICH) Guidelines Q1A(R2) and Q2(R1). K.
Sharma et al., "Analytical Method
Development in Pharmaceutical Sciences,"
Journal of Pharmaceutical Analysis, 2021. V.
Kumar et al., "Chromatographic Techniques
for Stability Studies,” Analytical Chemistry
Insights, 2022. Pharmacopoeial Monographs
and Guidelines for Lonafarnib Analysis.

Vot

%A:*%i/j}' INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

2. ICH Q8(R2) Pharmaceutical Development.
International Council for Harmonisation,
2009. Provides guidance on quality-by-design
approaches for method development.

3. USP Monographs for Analytical
Methodology. United States Pharmacopeia,
2023. Contains official methods for drug
analysis, including HPLC.

4. J. W. Dolan, "Column Care and Maintenance
in HPLC," LC-GC Europe, 2020. Discusses
best practices for maintaining column
performance in RP-HPLC applications.

5. M. Swartz and I. Krull, "Handbook of HPLC,"
CRC Press, 2018. Offers a comprehensive
guide to HPLC principles, equipment, and
method development strategies.

6. S. Banerjee et al., "Stability-Indicating HPLC

Methods for Pharmaceutical Analysis,"
Journal of Pharmaceutical Science and
Technology, 2020. Highlights real-world

applications of stability-indicating methods.
7. D. C. Harris, "Quantitative Chemical
Analysis," Freeman & Co., 2022.nA standard
textbook on chemical analysis, including
chromatographic techniques.
8. R. E. Majors, "Mobile Phase Selection in
HPLC,” LC-GC North America, 2021.

374 | Page



Bhavesh Patil, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 1, 358-375 |Review

Reviews factors influencing mobile phase
selection for optimal performance.

. T. H. Layloff, "Forced Degradation Studies in
Analytical Development,” Pharmaceutical
Technology, 2019. Explains the role of stress
testing in drug stability assessments.

10. P. G. Stevenson et al., "Advances in Detection

Techniques in HPLC," Analytical Methods,

2021. Explores advances in UV, PDA, and

MS detection technologies.

11. M. Niessen, "Liquid Chromatography-Mass

Spectrometry,” Springer, 2017. Provides

insights into the integration of LC-MS for

degradation product analysis.

12. E. Grushka and N. Grinberg, "Advances in

Chromatography,” Taylor & Francis, 2020.

Covers the latest developments in

chromatographic techniques.

13.J. W. Wang, "HPLC Method Validation in

Pharmaceutical ~ Analysis,” Journal  of

Chromatography B, 2021. Discusses

statistical approaches for method validation.

14.V. Malhotra et al., "Stability Testing of

Pharmaceutical Products,” Pharmaceutical

Research, 2020. Focuses on stability testing

strategies and regulatory expectations.

15.S. K. Khetan and P. J. Collins, "Green

Analytical Chemistry,” Analytical Chemistry

Insights, 2021. Explores environmentally

friendly alternatives in RP-HPLC.

16. World  Health  Organization (WHO)

Guidelines on  Stability  Testing of

Pharmaceuticals, 2021. A global perspective

on regulatory standards for stability studies.

HOW TO CITE: Bhavesh Patil*, Rushikesh Patil,
Navigating the COVID-19 Crisis in India: Spread,
Socioeconomic Impact, Vaccine Development, and
Distribution Challenges, Int. J. of Pharm. Sci., 2025, Vol
3, Issue 1, 358-375.
https://doi.org/10.5281/zenodo.14607458

5 ';\9 INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 375|Page



