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Background and aims: Ever since the vaccination drive for COVID-19 has started in India, the citizens
have been sharing their views on social media about it. The present study examines the attitude of Indian
citizens towards the side effects of the COVID-19 vaccine.
Methods: Social media posts were used for this research. Using Python, we have collected social media
posts of Indians focusing on side effects of COVID -19 vaccines. In study one, sentimental analysis was
done to find overall attitude of Indian citizens towards the side effects of COVID-19 vaccine and in study
two, topic modeling done to analyze the major side effects voiced out by the citizens after taking COVID-
19 vaccine.
Results: The studies conducted have revealed that nearly 78.5% of tweets posted by Indian citizens about
the side effects of the COVID-19 vaccine were either in neutral or positive sentiments. Our topic modeling
studies have found that fear of efficiency in the workplace and the fear of death as the prime two issues
that contributes Indian citizens to have negative sentiment about the side effects of the COVID-19
vaccine.
Conclusion: While it is important for the Indian government to actively encourage its citizens to have
vaccine, it is also important to help the citizens understand the important of the vaccination program.
The best way to educate citizens regarding the positive aspect of the vaccination program is by
addressing the fears, Indian citizens have voiced in their social media post about the COVID-19 vaccines.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

A pandemic is considered a phenomenon having devastating
effects on people and economics with many causalities. Pandemics
are said to have both health and economic calamities [1]. The first
case of COVID-19 was registered in India on January 27, 2020. A
nationwide lockdown was imposed in the country in the month of
March 2020. The general public was being monitored for following
the lockdown, social distancing, and wearing masks. As per the last
year's records, it is established that by May 18, 2020, India regis-
tered 1 Lakh COVID-19 infected cases. However, within a span of
less than 2 months the cases were increased by 8 times and India
nology, Trichy Tanjore Main
mil Nadu, India.

ier Ltd. All rights reserved.
had 8 Lakh infected cases [2]. As of May 4, 2021, the number of
confirmed cases of COVID 19 rose to 2,02, 82, 833 in India, and the
death toll reaching 2,22,408 [3]. The above statistics make India the
second largest affected country in the world only after the United
States of America. Currently, COVID-19 is spreading at a distressing
rate in India. The spread of the deadly virus highlights the impor-
tance of vaccination at a national level. The vaccination is supposed
to protect the nation from continued damage.

The Government has introduced the vaccination drive all over
the country on January 16, 2021 [4]. The vaccination drive is being
conducted in stages, focusing on health care workers and frontline
staff in the first stage. They are at a supreme risk of getting exposed
to the virus. The second stage focuses on elderly people above the
age group of 45. They are at a high risk of getting affected owing to
the virus. In the third stage, people in the age group of 18e45 will
be targeted. Nationwide usage of two COVID-19 vaccines is
approved, Covishield by Serum Institute of India and Covaxin
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manufactured by Bharat Biotech. As per the official data, as of May
4, 2021, a total of 158932921 doses overall including both the first
dose and second dose of the vaccine has been provided in India [3].

Although researchers are investigating and analyzing a lot about
COVID-19 and some have focused on vaccines. However, no studies
in the recent past have been conducted to analyze the perception of
people of India for side effects of COVID-19 vaccines. The focus of
the present research lies in analyzing the perceptions of the general
public of India towards the side effects of COVID-19 vaccines. In the
present study we aim at answering the succeeding two research
problems:

RQ 1: How is the general public of India perceiving the side
effects/after-effects of the COVID-19 vaccine?

RQ 2: What are the side effects/after-effects of the COVID- 19
vaccines highlighted by citizens of India in social media?
2. Methodology

2.1. Data collection and data pre-processing

The analysis aims at taking into consideration the social media
posts of citizens of India on Twitter to analyze the perception about
the COVID-19 vaccine and its side effects. Using Python Library
Twint, tweets having the words ‘COVID Vaccine’ and ‘Side effects’
were scrapped.

For the purpose of data collection, Twitter has been used. Post
the outbreak of COVID-19, more and more people are using Twitter
as a social media platform to endorse their views in the form of
“Tweets” [5] Twitter is also represented as a powerful public health
tool apart from traditional sources like Radio, Newspaper, and
Television as the leaders directly communicate the information on
COVID-19 to citizens.

It is well established from the previous research that social
media acts as a most credible source to access and record masses'
behavior during unusual periods like the current one [6e9].

For the present study, tweets with the words “COVID vaccine”
and ‘Side effects’ were considered. By using the geographical
filtering option on Python library Twint only tweets belonging to
India were studied. Only the tweets posted in English were exam-
ined for the study and tweets from other languages were eradi-
cating for analysis. After eliminating the tweets of other languages,
the tweets in the English language were taken into consideration
for this study.

To curtail down the sampling errors caused by unbalanced
samples, an equal number of tweets for each week was used in the
analysis. Post selecting the tweets, the process of data cleaning
takes place which aims at removing the punctuation, emoticons,
images, hyperlinks, numbers, and stop words. Only “Text” shall be
considered for analysis. Stop words needs to be filtered out as they
have no meaning of their own and removing them from the sen-
tence leaves the meaning of the sentence unaltered. They are not
required for analysis.

After eliminating the punctuation, hyperlinks, numbers, and
stop words from the corpus, stemming& lemmatizing the data was
performed. Stemming is a method by which prefixes and suffixes
are removed to find their common base or root. And, lemmatization
is a practice of combining dissimilar words to narrow down the
dimensionality. Lemmatization and stemming are very closely
related and are an important step in Natural Language Processing.
Python Libraries Regular expressions and Gensimwere used for the
data cleaning process.
2

2.2. Research methodology

2.2.1. Sentimental analysis
Themotive of research conducted in study one is to comprehend

the attitude of residents of India for the side effects of the COVID-19
vaccine. To analyze and understand the same, we used the process
of sentiment analysis. Sentimental analysis is a method of catego-
rizing the sample texts into positive, negative, or neutral brackets.
The sentiment score is ascertained from the sentimental analysis.
Everyword in the sentiment corpus whether it is positive, negative,
or neutral contains a sentiment score and using the score themodel
will determine whether the particular tweet in the corpus is having
positive, negative or neutral sentiment.

Sentiment analysis also known as opinion analysis can be
defined as “An automatic technique to select and analyze the
subjective verdicts on various aspects of an item” [10]. It is a ma-
chine learning technique involving the use of Natural Language
Processing. The basic aim of sentiment analysis is to find the
opinion, attitude, or emotions of thewriter for a particular text [11].
The aims also include identifying the degree of polarity of the tone
of the text message which can be expressed as positive, negative, or
neutral. The positive score in the analysis denotes satisfaction,
happiness, and contentment on the part of the author as against
negative indicating disappointment, sadness, and sorrow. Senti-
ment analysis is a technique that identifies and classifies the
opinions of people computationally.

Initially, when sentimental analysis started, it was done at a
document level [12], sentence-level was the second level [13] fol-
lowed by the phrase level [14,15].

For this study, Python (a computer programming language) has
been used to collect the tweets. For processing the textual data, the
Text Blob-Python library will be used. As per the text blob, every
English word will have a sentimental score. Text blob while
applying the principles of advanced machine learning as well as
Natural Language Processing (NLP) aims at studying each word
collected in the corpus and will classify the opinions as being
neutral, positive, or negative [16].
2.2.2. Latent Dirichlet Allocation (LDA)
Study one helped in understanding the perception of citizens of

India towards the side effects of the COVID-19 vaccine if the atti-
tude was positive or negative. We conducted a sentimental analysis
for the same, it can be inferred that sentimental analysis can assist
in recording the general attitude of people and cannot highlight the
exact side effects of the vaccine.

To understand the major side effects/after-effects of the COVID-
19 vaccine on Indian's study two will be conducted.

Latent Dirichlet Allocation (LDA) topic modeling was under-
taken in study 2 to identify the major side effects/after-effects
which are visible to Indian citizens after the COVID-19 vaccine.
Blei, Ng, and Jordan get the credit of familiarizing the world with
LDA for the first time in 2003.

Topic modeling uses a set of algorithms to recapitulate extensive
texts by determining and finding the unseen subjects and themes
in a corpus [17]. Traditionally, before the origination of Latent
Dirichlet Allocation, Probabilistic Latent Semantic Indexing was
used to derive the issues. The concept behind PLSI is that each word
in a document is modeled using an algorithm as a sample from the
mixture model. The mixture elements in the mixture models are
the multinomial random variables that can be considered as topics.

A major drawback of PLSI which led to its loss of popularity and
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increased the usage of LDA is the algorithms in Probabilistic Latent
Semantic Indexing makes the probabilistic model unavailable for
the whole document [18]. LDAworks on the principle of the “Bag of
words” assumption and follows Bayesian probability theory [19].
The fundamental characteristic of LDA topic modeling is based on
the usage of algorithms to derive a similar set of topics in every
document which is most talked about or opined about. Latent
Dirichlet Allocation very well takes into account the assumption
that it is possible for some set of words to develop a linkage with
some particular topics always.While using the LDA technique, it is a
possibility to discover latent topics from the group of vast and huge
unstructured data in the corpus. Library LDAvis is used to better
analyze, understand, and later summarise the identified side
effects.
3. Results

In study one, we have performed sentiment analysis for the data
we have collected across the months of March and April 2021. We
have tracked out the weekly sentiments of the Indian population
about COVID-19 vaccines across these two months. After removing
all the tweets from different languages, we have finally chosen
189,888 tweets for our study. Our study shows that 44.9%
(n ¼ 85,407 tweets) of our sample were in a neutral tone. Tweets
with positive sentiments about the side effects of the vaccine were
33.6% (n ¼ 63,848 tweets). Finally tweets with negative sentiments
recorded for 21.3% (n ¼ 40,633 tweets). It is an encouraging sign
that, even while posting about the side effects of the COVID-19
vaccine, nearly 78.5% of the tweets were with either neutral or
positive sentiments. From our results, it can also be concluded that
the positive sentiments towards the side effects of the COVID-19
vaccine increased to a greater extent from the 2 nd week of April
(When the total COVID-19 cases began to see a drastic increase).

Note: Fig. 1 depicts the number of neutral, negative and positive
tweets for each week of months (March and April 2021) and their
variation. For example, the 1st week of March recorded 10,696
neutral tweets.
Fig. 1. Graphical represen
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Note: Fig. 2 illustrates the percentage of neutral, positive and
negative tweets for each week and their variation. For instance, the
first week of March records 12.5% (n ¼ 10,696 tweets) of total
neutral tweets recorded (n ¼ 85,407).

It is to be highlighted that the first study helped us understand
the perception of general Indian population about the side effects of
the COVID-19 vaccine, the sentimental analysis study hasn't helped
us understand the various variants that determine the sentiment of
Indian population about the side effects of COVID-19 vaccine. To
identify the variants that determine the negative sentiment of In-
dian population regarding the side effects of the COVID-19 vaccine,
we have performed a study two. In study two we have conducted
Latent Dirichlet Allocation topic modeling for the tweets with
negative sentiments about the side effects of the COVID-19 vaccine.
This study will help us understand the prime factors that led the
Indian general population to have negative opinion on side effects
of the COVID-19 vaccine. The outcomes of the investigation are
specified in Table 2.
4. Discussions and conclusion

Our study has revealed an interesting fact that despite the issue
being discussed is about the side effects of the vaccine, only 21.3% of
the tweets about the side effects of the vaccine were of negative
sentiments. However, it is still important for the Indian government
and the NGOs to help educate the general public on the fears they
share about the side effects of the COVID-19 vaccines on social
media. Our analysis has shown that the fear of whether taking the
COVID-19 vaccine will impact the efficiency in the workplace,
possible death as a side effect of COVID-19 vaccines, the risk feeling
in taking vaccines, the banning of Covishield in countries like
Norway and whether it is good to take, fear of long term effects of
the COVID-19 vaccine, whether the pre-existing conditions like
Hypertension and Diabetes will elevate the side effects of the
vaccine, fear of blood clot, the fear created by media, safety mea-
sures in the vaccination place and the efficiency of the vaccine.

Ever since the emergence of the COVID-19 crises, various studies
tation for Table 1 (a).



Fig. 2. Graphical representation for Table 1 (b).

Table 1
Sentiment analysis.

Month Total Tweets Neutral % Positive % Negative %

March (1st week) 23736 10,696 12.5 7792 12.2 5248 12.9
March (2nd week) 23736 11,216 13.1 7512 11.7 5008 12.3
March (3rd week) 23736 11,440 13.3 7304 11.4 4992 12.2
March (4th week) 23736 10,424 12.2 8008 12.5 5304 13.0
April (1st week) 23736 11,296 13.2 7384 11.5 5056 12.4
April (2nd week) 23736 10,519 12.3 8344 13.0 4873 11.9
April (3rd week) 23736 9816 11.4 8832 13.8 5088 12.5
April (4th week) 23736 10,000 11.7 8672 13.5 5064 12.4

189,888 85,407 63,848 40,633

Table 2
Latent Dirichlet allocation topic modeling.

Topic label Top words

Lack of efficiency in workplace Covid, vaccine, work, kind, effect, nature, perform
Fear of death Effect, death, called, fuck, immune, is
Feeling of risk Feel, risk, total, don't, vaccine, Covid
Banning of Covishield Norway, Nordic, banned, Covishield, fake, should
Fear of long-term effects Pandemic, vaccine, side, after, long, effect
Existing conditions Diabetic, Covid, are, personal, BP, shit
Fear of Blood clot vaccine, Intake, clot, blood, old, not
Fear created by media Death, in, Vivek, act, focused, news,
Safety measures Sanitize, booth, with, vaccine, centre, fear
Efficiency of the vaccine. Skeptic, medicine, Covid, doubt, efficient, risk

(Note: Topic label column is labelled manually, and the ‘top words’ are generated using the LDA model).
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were conducted in analyzing the best ways to understand the
general public perception of psychological effects caused by COVID-
19 and the effective ways to deal with the crisis [19e23]. With the
decline of the first wave and the sudden emergence of the second
wave, government officials and policymakers need to understand
how the perception of the public changes regarding various aspects
of the crisis at different stages of the crisis. It is important for
governments all around the world to actively fasten the vaccination
program to prevent the third and even possible fourth wave of the
COVID-19 crisis.
4

4.1. Limitations of the study

We have used Tweets of the Indian population in general to
determine the attitude of Indian citizens concerning the side effects
of the COVID-19 vaccines. Future researchers can focus on under-
standing how the aspect of subculture plays a role in determining
an individual's perception of COVID-19 vaccines.
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