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Abstract
Individuals with comorbidities (i.e., Diabetes Mellitus, hypertension, heart diseases) are more likely to 
develop a more severe form of coronavirus disease 2019 (COVID-19), thus, they should take necessary 
precautions to avoid infection with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
and its emerging variants and subvariants by getting COVID-19 vaccination and booster doses. In this 
regard, we used text analytics techniques, specifically Natural Language Processing (NLP), to understand 
the perception of Twitter users having comorbidities (diabetes, hypertension, and heart diseases) 
towards the COVID-19 vaccine booster doses. Understanding and identifying Twitter users’ perceptions 
and perspectives will help the members of medical fraternities, governments, and policymakers to 
frame and implement a suitable public health policy for promoting the uptake of booster shots by 
such vulnerable people. A total of 176,540 tweets were identified through the scrapping process to 
understand the perception of individuals with the mentioned comorbidities regarding the COVID-19 
booster dose. From sentiment analysis, it was revealed that 57.6% out of 176,540 tweets expressed 
negative sentiments about the COVID-19 vaccine booster doses. The reasons for negative expressions 
have been found using the topic modeling approach (i.e., risk factors, fear of myocardial fibrosis, stroke, 
or death, and using vaccines as bio-weapons). Of note, enhancing the COVID-19 vaccination drive by 
administering its booster doses to more and more people is of paramount importance for rendering 
higher protective immunity under the current threats of recently emerging newer Omicron subvariants 
which are presently causing a rise in cases in a few countries, such as China and others, and might lead 
to a feasible new wave of the pandemic with the surge in cases at the global level.

Keywords: Booster Dose, COVID-19, Vaccine, Natural Language Processing, Text Analytics

INTRODUCTION

 Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) is a novel coronavirus 
that first appeared in December 2019 in Wuhan, 
China, causing coronavirus disease-2019 
(COVID-19) which was discovered in a cluster 
of pneumonia cases of unknown origin.1,2 SARS-
CoV-2, within a very few months of the first case, 
rapidly spread in many countries and consequently 
led to a devastating pandemic affecting more 
than 200 countries across the globe.3-6 As of 
January 2023, COVID-19 has resulted in more 
than 670 million confirmed cases with over 6.8 
million deaths.3 Furthermore, the World Health 
Organization (WHO) has classified the recent 
SARS-CoV-2 variants into three categories to 
monitor and assess the evolution of SARS-CoV-2: 
variants under monitoring (VUMs), variants of 
interest (VOIs), and variants of concern (VOCs). Up 
to October 2021, Alpha (B.1.1.7), Beta (B.1.351), 
Gamma (P.1), and Delta (B.1.617.2) were identified 
as VOCs.3

 Furthermore, as of November 26, 
2021, the Omicron variant (B.1.1.529), which 
led to a global surge in the number of COVID-19 
cases, was classified as the fifth VOC by WHO.7 

Presently, the Omicron variant and its descendent 
lineages, including BA.1, BA.2, BA.3, BA.4, and 
BA.5, are designated as the only circulation VOC, 
while Alpha, Beta, Gamma, and Delta have been 
designated as previously circulating VOCs.8

 The genomic surveillance of the different 
strains of SARS-CoV-2 has revealed that its 
fast-mutating nature has played a significant 
role in the rapid spread of its different strains 
worldwide.9 More recently, newer Omicron 
subvariants and sub-lineages viz., BQ.1, BQ.1.1, 
BA.4.6, BF.7, BA.2.75.2, XBB.1, and BF.7 have 
also emerged that are currently creating an 
alarming situation of a feasible new wave of 
a surge in COVID-19 cases with a rise in cases 
being observed in few countries such as China 
and others particularly due to BF.7; implicated to 
have higher transmissibility, and immune evading 
characteristics to overcome protective immunity 
of neutralization antibodies of COVID-19 vaccines, 
boosters, and immunotherapeutic.10-16 To tackle 
the spread of COVID-19, vaccine development 
research was initiated and carried out by various 
organizations and researchers globally in a fast 
track and emergency mode that saved the world 
from this devastating ongoing pandemic past three 
years.17
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 The f i rst  COVID-19 vacc ine was 
administered outside clinical settings on December 
8, 2020, by May Parsons at University Hospital 
Coventry. By October 5, 2022, about 12.7 
billion doses of the COVID-19 vaccines were 
administrated18, and more than 5.35 billion people 
had received at least one dose of the vaccines.19 
As per World Health Organization, currently, as of 
January 2023, a total of 13,156,047,747 vaccine 
doses have been administered. Based on a recent 
study conducted by The Lancet, the vaccines 
averted deaths to two-thirds in their first year 
and reportedly saved an estimated 19.8 million 
lives.20 However, the global vaccination drive 
was impacted by vaccine inequity (in terms of 
availability, accessibility, and affordability due to 
socio-economic reasons) and vaccine hesitancy 
(reluctance to get inoculated).21,22

 The initial two doses of COVID-19 vaccines 
can immunize people against severe COVID-19 
cases and death. However, the immunity tends to 
wane after some time, necessitating booster shots 
to be administered to sustain the immunity.23 The 
new dose of vaccine helps prevent re-infection of 
the virus and severe cases across various emerging 
variants.24-28

 People with comorbidities (i.e., diabetes 
mellitus, hypertension, and heart diseases) have 
been reported to have a higher risk of getting 
infected by SARS-CoV-2, and the presence of 
comorbidities leads to severe disease and higher 
mortality in COVID-19 patients.29-33 Furthermore, 
when older patients with comorbidities, especially 
those with 65-year-old patients and above, get 
infected, they are more likely to have a higher 
intensive care unit (ICU) admission rate and, 
subsequently, an increased mortality rate.34

 Therefore, this category of patients 
should follow the necessary measures and 
precautions to avoid SARS-CoV-2 and variant 
infection because they have the worst prognosis 
in case of incident infection. Thus, we aimed 
in this study to understand and determine the 
perception and perspectives about COVID-19 
vaccine booster doses according to the Twitter 
users with comorbidities (heart diseases, diabetics, 
and hypertension) and glean insights on their 
understanding and attitude towards the COVID-19 
vaccine booster doses and the associated 
subsequent vaccination.

 Understanding and identifying Twitter 
users’ perceptions and perspectives will help the 
members of medical fraternities, governments, 
and policymakers not only to frame and implement 
a suitable public health policy and promote the 
COVID-19 vaccine drive with booster shots but also 
to predict, control, and subsequently prevent any 
health crisis or infectious disease outbreak.35,36

Research Methodology
 In this study, the perception of individuals 
with comorbidities all over the world about the 
COVID-19 vaccine booster doses was analyzed 
through social media posts on the Twitter platform 
(Twitter, Inc., San Francisco, California, USA) using 
sentiment analysis and topic modeling methods. 
The Twitter platform posts were collected 
from Twitter for analysis since it has one of 
the highest numbers of users among different 
social media platforms. In this regard, we have 
used the keywords to collect social media posts 
of Twitter users who have three comorbidities 
(heart diseases, diabetes, and hypertension) and 
collected views about the COVID-19 booster doses. 
Tweets containing one of the following phrases 
‘I’m a heart disease patient,’ ‘I have heart disease,’ 
‘I’m having high BP,’ ‘I’m having hypertension,’ 
‘I’m having diabetes,’ and ‘I have diabetes’ with 
a words ‘covid booster dose’ were scrapped for 
this study. The entire research methodology is 
mentioned in the Figure 1.

Data Collection
 In the realm of computational social 
science and health, the usage of scraping social 
media for research is picking up, with various 
recent and relevant studies uses machine learning 
and deep learning algorithms in analyzing textual 
data.37-40 In this study, we have used the Python 
library Twint to scrape the necessary tweets. Twint 
does not require interaction with the Twitter API 
and is a reliable source of Twitter information and 
data for research.41-43 A total of 176,540 English 
tweets were collected and used for this study.

Data Cleaning
 The tweet corpus thus collected cannot 
be directly used. They must be pre-processed 
and cleaned. In the data pre-processing stage, 
stop words (words like ‘a’, ‘an’, ‘if’ etc., which 
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do not contribute much to the meaning of the 
text), punctuation, and hyperlinks are removed.44 
Further, the tweets are tokenized, stemmed, 
and lemmatized. Stemming is the process of 
removing suffixes from words. For example, 
the word “victims” becomes “victim,”’ and 
“affecting”/” affected” get reduced to “affect.” 
Further, lemmatization (stemming done with 
proper contextual understanding) is performed. An 
example of lemmatization is taking ‘sing,’ ‘singing,’ 
and ‘sang’ as sing.

Sentiment Analysis
 Sentiment analysis is the automatic 
process of identifying and attributing sentiments 
to any textual entity. In the context of our work, 
sentiment analysis is performed on each tweet 
in the corpus. Understanding the sentiments 
and emotions of people’s opinions helps frame 
public policy and check the public perception of 
government schemes and their implementation.45 
In our study, we’ve used the concept of sentiment 
analysis to study how the general public, especially 
people with diabetes, hypertension, and heart 
diseases, view the COVID-19 booster dose 
vaccine. Textblob is the Python library used for 
sentiment analysis. The Textblob library is based 
on computational linguistics, where each word in 
the Oxford dictionary is attributed a sentiment 
score in the range [-1,1]. If the score lies in the 

range [-1,-0.5], the word is classified as ‘negative’, 
if the score lies in the range [-0.5, 0.5], the word is 
classified as neutral, and if the score lies between 
0.5 and 1 (both inclusive), the word is classified 
as positive. Based on the average of the scores of 
words in a document, the entire document will be 
classified as positive, negative, or neutral.44

Topic Modeling
 The study then moves on to topic 
modeling, which is performed using Latent 
Dirichlet Analysis.38 It is a popular method to 
classify text into different topics by assigning 
the words to different topics, computing the 
probability for instances of the word within the 
topic, and the proportion of each topic in the 
document (the text being analyzed). LDA is a bag-
of-words model and is used to identify hidden 
topics in our collection of tweets, which is a highly 
unstructured textual data source.37 The probability 
distribution of the topics is built on the probability 
distribution of the words and is hence termed 
the Dirichlet process, where the term implies the 
presence of a function built over another function 
that takes us a range of values.
 LDA identifies latent (hidden) topics in the 
tweet corpus and is controlled by hyperparameters 
alpha (α) and Eta(η). If the value of α is too high, a 
collection of topics of varying kinds of probability 
will appear. Hence instead, we set a low value 

Figure 1. Data Collection and Data Pre-processing



  www.microbiologyjournal.org571Journal of Pure and Applied Microbiology

Praveen et al. | J Pure Appl Microbiol. 2023;17(1):567-575. https://doi.org/10.22207/JPAM.17.1.54

for α for the model to internally rank and choose 
topics based on each having a higher probability 
than the other. The model was run many times 
with different parameters to achieve the desired 
results.
 Certain topic modeling methods that 
were used previously for text analytics were 
manual content analysis and word frequency 
methods. The biggest drawback of manual content 
analysis was the fact that it was time-consuming 
and relied heavily on the expertise of the person 
reading through it. The word frequency method 
involves counting the number of times each word 
appeared in the corpus. Since this only gave the 

word-wise count without any usage context, the 
results were deemed ambiguous.44

 Over the years, the Latent Dirichlet 
Allocation method gained traction and emerged 
to be the modeling method preferred generally 
and widely used in research, especially for an 
unstructured corpus. 44 Thus, in this study, we used 
LDA to perform sentimental analysis on the huge 
tweet corpus generated by users with comorbidities 
tweeting their opinion on the COVID-19 vaccine.

RESULTS

 People all over the globe who have the 

Table 1. Sentiment analysis results

Month Total Negative % Positive % Neutral %
 Tweets

September 2022 35,308 15,763 44.6 8,944 25.3 10,601 30
October 2022 35,308 22,118 62.6 9,653 27.3 3,537 10.01
November 2022 35,308 17,416 49.3 11,898 33.6 5,994 16.9
December 2022 35,308 22,597 63.9 8,053 22.8 4,658 13.1
January 2023 35,308 23,928 67.7 7,798 22.0 3,582 10.1
Total 176,540 101822  46346  28372 

Figure 2. Graphical representation of Table 1
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three mentioned comorbidities have different 
perceptions about the COVID-19 vaccine 
booster dose. This study captures their views on 
booster doses, especially for people with three 
comorbidities. The current research uses two 
techniques for analysis: sentiment analysis and 
topic modeling. Sentiment analysis brings out 
subjective information about the topic of our study. 
It classifies the data into three categories: positive, 
neutral, and negative. This classification helps to 
understand people’s affinity toward the subject of 
study. The opinions on booster doses by people 
with diabetes are gathered from social media.

Overall, 176,540 tweets were taken between 
September 2022 and January 2023. For comparison 
of results, an equal number of tweets (35,308) 
have been taken for each month, shown in  
Table 1. The study revealed that out of 176,540 
tweets, 57.6% (101,822) of tweets showed 
negative sentiments against the booster dose, 
only 26.2% (46,346) of tweets revealed positive 
sentiments towards the booster dose, and the 
remaining 16% (28,372) of tweets were found 
neutral on booster dose adoption. From the 
results, it can be indicated that many Twitter 
users have strong positive or negative perceptions 
about the COVID-19 vaccine booster dose. While 
comparing the other two sentiments, the percentage 
of people disagreeing with the booster dose was 
high. Sentiment analysis results are shown in the 
Table 1 and the Figure 2.
 Since the negative sentiments about 
booster doses among Twitter users with    
diabetes are high, it must be further analyzed 
to get the reason behind the same. Thus, topic 

modeling has been applied to the same data (only 
on negative sentiments) and found relevant and 
interesting topics. The topics are listed in (Table 
2). Latent Dirichlet Allocation modeling is the type 
of topic modeling used in this study. It works based 
on the Bayesian principle, which clusters the topics 
found on similarity. The topics found through 
the analysis describe the problems associated 
with booster doses. Topic modeling results are 
mentioned in the Table 2.

DISCUSSION AND CONCLUSION

 To the best of our knowledge, this is 
the first study of its type to assess and identify 
the perception and perspectives of Twitter users 
with the three main comorbidities (diabetes, 
hypertension, and heart diseases) during the 
ongoing pandemic times about COVID-19 vaccine 
booster dose. Individuals with these three 
commodities were only included in this study, 
and 176,540 tweets have been taken from Twitter 
users all over the world suffering from the above 
three mentioned conditions. Since they are the 
most vulnerable subjects to COVID-19, it would 
be very informative to understand and portray 
their views on COVID-19 booster dose adoption 
and its protective effects. With this motive, we 
gathered the opinions of people with comorbidities 
on booster doses from social media. The results 
showed that negative sentiments about booster 
dose adoption were very high. We have used 
five months of data for our study (September 
2022 to January 2023), and our results show that 
compared to the early days of our data frame, later 
months, December 2022 and January 2023, show 

Table 2. Topic labels and words found through Topic modeling

Topic Labels Topic words

Risk factors Factors, covid, booster, risk, keep, risky
Intense headache Stress, hurt, vaccine, walk, headache, seem
Feeling vaccines as bioweapons Fear, infect, intense, bioweapon, hurt, vaccines
Vaccines worsening  the heart  Months, heart, week, US, difficult, problem
condition
Fear of myocardial fibrosis Rate, nation, myocardial, fibrosis, panic, risky
Fear of deadly stroke Issue, cause, research, stroke, death, recent
Feeling like lab rats Pharma, say, rat, patient, lab, react
Mandatory vaccine policy CDC, vaccine, government, mandate, rights, agenda
Fear of death Vaccine, dose, rights, death, heard, concern
Obesity Health, fear, obese, vaccine, covid, booster
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more negative sentiments, with January 2023 
showing the most negative sentiments (67.7%). 
Except for November 2022, all other months 
show consistency in the percentage of positive 
sentiments. However, the worrying aspect is in 
the last two months of our data frame (December 
2022 and January 2023), only 22.8% and 22.0% 
(approximately one in five) suffering from three 
comorbidities were positive about COVID-19 
booster doses.
 The reason behind the negative 
perception of the booster dose was exhibited 
through the topic modeling technique. The 
topic modeling results showed that the people 
who faced problems/sickness after taking the 
booster dose made others think negatively. 
Other than the health risks, some people believe 
that the government uses them like lab rats or 
experimentation elements. Lastly, mandatory 
vaccine policy in some countries made them feel 
pessimistic about the vaccine.
 The awareness can be created by 
exploring the studies on each topic identified from 
the topic modeling output. This study paves the 
path to identify the gaps where the government 
should improve its promotion strategy/awareness 
of COVID-19 vaccine booster doses. Also, the study 
explored the pain points of people with diabetes 
toward booster doses when imposed forcefully on 
them. The limitation of the research includes the 
usage of only English tweets for the study. Future 
research can focus on analyzing tweets in other 
languages to understand if cultural aspects play a 
role in the perception of people with comorbidities 
about booster doses. Notably, it is very high time 
to promote COVID-19 vaccination campaigns and 
booster doses for providing adequate protective 
immunity under the threats of recently emerging 
newer Omicron subvariants, rise in cases being 
seen again in few countries and amidst the fears 
growing of feasible drive of a new wave of the 
COVID-19 pandemic.
 Future research can focus on the 
geographical and sociodemographic base of Twitter 
users with the three mentioned comorbidities 
to provide more insights into their views about 
COVID-19 booster dose adoption and its protective 
effects. Moreover, our study was limited to the 
three main comorbidities (diabetes, hypertension, 
and heart diseases); therefore, future studies 

on other COVID-19 booster dose-associated 
comorbidities should be considered through 
broader search filters. Finally, due to the cross-
sectional nature of our study, future longitudinal 
data across different time periods should be 
considered to provide more insightful views about 
the COVID-19 booster dose according to the public 
perspectives and responses on Twitter over time 
and the subsequent implications. To conclude, it is 
very high time to promote COVID-19 vaccination 
campaigns and booster doses for providing 
adequate protective immunity under the threats 
of recently emerging newer Omicron subvariants, 
the rise in cases being seen again in few countries, 
and amidst the growing fears of a feasible drive of 
a new wave of the COVID-19 pandemic.

ACKNOWLEDGMENTS
 None.

CONFLICT OF INTEREST
 The authors declare that there is no 
conflict of interest.

AUTHORS' CONTRIBUTION
 PSV and KD designed the study. SK, VV, 
and RI wrote the initial draft. KD reviewed the 
manuscript. SR, HC, RAFH, MEUR, PSV, CC and 
KD revised the manuscript. All authors read and 
approved the final manuscript for publication.

FUNDING
 None.

DATA AVAILABILITY
 The datasets generated and/or analysed 
during the current study are available from the 
corresponding author on reasonable request.    

ETHICS STATEMENT
 Not applicable.

REFERENCES

1.  Praveen SV, Ittamalla R, Deepak G. Analyzing the 
attitude of Indian citizens towards COVID-19 vaccine 
- A text analytics study. Diabetes Metab Syndr. 
2021;15(2):595-599. doi: 10.1016/j.dsx.2021.02.031

2.  Dhama K, Khan S, Tiwari R, et al. Coronavirus Disease 
2019-COVID-19. Clin Microbiol Rev. 2020;33(4):e00028- 
20. doi: 10.1128/CMR.00028-20

https://doi.org/10.1016/j.dsx.2021.02.031
https://doi.org/10.1128/CMR.00028-20


  www.microbiologyjournal.org574Journal of Pure and Applied Microbiology

Praveen et al. | J Pure Appl Microbiol. 2023;17(1):567-575. https://doi.org/10.22207/JPAM.17.1.54

3.  World Health Organization. WHO COVID-19 dashboard. 
World Health Organization; World Health Organization. 
https://covid19.who.int/. 2023a. Accessed on January 
28, 2023.

4.  Farahat RA, Baklola M, Umar TP. Omicron B.1.1.529 
subvariant: Brief evidence and future prospects. 
Ann Med Surg. 2022;83:104808. doi: 10.1016/j.
amsu.2022.104808

5.  Chen Z, Azman AS, Chen X, et a. Global landscape of 
SARS-CoV-2 genomic surveillance and data sharing. 
Nat Genet. 2022;54(4):499-507. doi: 10.1038/s41588- 
022-01033-y

6.  Brust KB, Papineni V, Columbus C, Arroliga AC. COVID-
19-from emerging global threat to ongoing pandemic 
crisis. Proc (Bayl Univ Med Cent). 2022;35(4):468-475. 
doi: 10.1080/08998280.2022.2068940

7.  Mohapatra RK, El-Shall NA, Tiwari R, et al. Need of 
booster vaccine doses to counteract the emergence 
of SARS-CoV-2 variants in the context of the Omicron 
variant and increasing COVID-19 cases: An update. 
Hum Vaccin Immunother. 2022;18(5):2065824. doi: 
10.1080/21645515.2022.2065824

8.  WHO. WHO Coronavirus (COVID-19) Dashboardhttps://
covid19.who.int/. 2022. Accessed on September 7, 
2022.

9.  Zhou H, Mohlenberg M, Thakor JC, et al. Sensitivity 
to Vaccines, Therapeutic Antibodies, and Viral 
Entry Inhibitors and Advances To Counter the 
SARS-CoV-2 Omicron Variant. Clin Microbiol Rev. 
2022;35(3):e0001422. doi: 10.1128/cmr.00014-22

10.  Graham F. Daily briefing: China’s COVID wave 
could kill  one million people. Nature.  2022.  
doi: 10.1038/d41586-022-04541-3

11.  Kurhade C, Zou J, Xia H, et al. Low neutralization of 
SARS-CoV-2 Omicron BA.2.75.2, BQ.1.1, and XBB.1 by 
parental mRNA vaccine or a BA.5-bivalent booster. Nat 
Med. 2022. doi: 10.1038/s41591-022-02162-x

12.  News18. 2022. https://www.news18.com/news/
explainers/what-is-bf7- covid-omicron-variant-china-
india-coronavirus-explained-6668959.html. Accessed 
on 23 December, 2022.

13.  Times of India.  2022. https://timesofindia.
indiatimes.com/life-style/health- fitness/health-
news/coronavirus-bf-7-variant-dominant-in-china-
key- points-on-transmission-rate-symptoms/
photostory/96389031.cms. Accessed on December 
26, 2022.

14.  Uraki R, Ito M, Furusawa Y, et al. Humoral immune 
evasion of the omicron subvariants BQ.1.1 and XBB. 
Lancet Infect Dis. 2023;23(1):30-32. doi: 10.1016/
S1473-3099(22)00816-7

15.  Qu P, Evans JP, Faraone JN, et al. Enhanced neutralization 
resistance of SARS-CoV-2 Omicron subvariants BQ.1, 
BQ.1.1, BA.4.6, BF.7, and BA.2.75.2. Cell Host Microbe. 
2013;31(1):9-17. doi: 10.1016/j.chom.2022.11.012

16.  Wong C. Subvariant ‘soup’ may drive wave. New 
Sci.  2022;256(3411):11. doi: 10.1016/S0262-
4079(22)01970-4

17.  Chavda VP, Yao Q, Vora LK, et al. Fast-track development 
of vaccines for SARS-CoV-2: The shots that saved the 
world. Front Immunol. 2022;13:961198. doi: 10.3389/
fimmu.2022.961198

18.  Bloomberg. More Than 1.2 Million People Have Been 
Vaccinated: Covid-19 Tracker. Bloomberg. 2021. 
https://www.bloomberg.com/graphics/covid- vaccine-
tracker-global-distribution/

19.  Holder J. Tracking Coronavirus Vaccinations Around 
the World. The New York Times. 2021. https://
www.nytimes.com/interactive/2021/world/covid- 
vaccinations-tracker.html

20.  Watson OJ, Barnsley G, Toor J, Hogan AB, Winskill P, 
Ghani AC. Global impact of the first year of COVID-19 
vaccination: a mathematical modelling study. Lancet 
Infect Dis. 2022;22(9):1293-1302. doi: 10.1016/S1473-
3099(22)00320-6

21.  Praveen SV, Tandon J, Vikas, Hinduja H. Indian citizen’s 
perspective about side effects of COVID-19 vaccine 
- A machine learning study. Diabetes Metab Syndr. 
2021;15(4):102172. doi: 10.1016/j.dsx.2021.06.009

22.  Chou W-YS, Budenz A. Considering Emotion in 
COVID-19 Vaccine Communication: Addressing 
Vaccine Hesitancy and Fostering Vaccine Confidence. 
Health Commun. 2020;35(14):1718-1722. doi: 
10.1080/10410236.2020.1838096

23.  Sanyaolu A, Okorie C, Marinkovic A, et al. Comorbidity 
and its Impact on Patients with COVID-19. SN Compr 
Clin Med. 2020;2(8):1069-1076. doi: 10.1007/s42399-
020-00363-4

24.  Ejaz H, Alsrhani A, Zafar A, et al. COVID-19 and 
comorbidities: Deleterious impact on infected 
patients. J Infect Public Health. 2020;13(12):1833-
1839. doi: 10.1016/j.jiph.2020.07.014

25.  Honardoost M, Janani L, Aghili R, Emami Z, Khamseh ME. 
The Association between Presence of Comorbidities 
and COVID-19 Severity: A Systematic Review and 
Meta-Analysis. Cerebrovasc Dis. 2021;50(2):132-140. 
doi: 10.1159/000513288

26.  Farahat RA, Yassin MA, Al-Tawfiq JA, Bejan CA, 
Abdelazeem B. Public perspectives of monkeypox 
in Twitter: A social media analysis using machine 
learning. New Microbes New Infect. 2022;49-
50:101053. doi: 10.1016/j.nmni.2022.101053

27.  Martins-Filho PR, Souza Araujo AA, Quintans-Junior LJ. 
Global online public interest in monkeypox compared 
with COVID-19: Google trends in 2022. J Travel Med. 
2022;29(8):taac104. doi: 10.1093/jtm/taac104

28.  Praveen SV, Ittamalla R, Deepak G. Analyzing Indian 
general public’s perspective on anxiety, stress 
and trauma during Covid-19 - A machine learning 
study of 840,000 tweets. Diabetes Metab Syndr. 
2021;15(3):667-671. doi: 10.1016/j.dsx.2021.03.016

29.  Praveen SV, Lathabhavan R, Ittamalla R. What concerns 
Indian general public on second wave of COVID-19? A 
report on social media opinions. Diabetes Metab Syndr. 
2021;15(3):829-830. doi: 10.1016/j.dsx.2021.04.001

30.  Praveen SV, Ittamalla R. General public’s attitude 
toward governments implementing digital contact 
tracing to curb COVID-19 - a study based on natural 
language processing. International Journal of Pervasive 
Computing and Communications 2020. doi: 10.1108/
IJPCC-09-2020-0121

31.  Praveen SV, Ittamalla R. An analysis of attitude of 
general public toward COVID-19 crises - sentimental 
analysis and a topic modeling study. Information 

https://doi.org/10.1016/j.amsu.2022.104808
https://doi.org/10.1016/j.amsu.2022.104808
https://doi.org/10.1080/08998280.2022.2068940
https://doi.org/10.1080/21645515.2022.2065824
https://doi.org/10.1080/21645515.2022.2065824
https://doi.org/10.1128/cmr.00014-22
https://doi.org/10.1038/d41586-022-04541-3
https://doi.org/10.1038/s41591-022-02162-x
https://doi.org/10.1016/S1473-3099(22)00816-7
https://doi.org/10.1016/S1473-3099(22)00816-7
https://doi.org/10.1016/j.chom.2022.11.012
https://doi.org/10.1016/S0262-4079(22)01970-4
https://doi.org/10.1016/S0262-4079(22)01970-4
https://doi.org/10.3389/fimmu.2022.961198
https://doi.org/10.3389/fimmu.2022.961198
https://doi.org/10.1016/S1473-3099(22)00320-6
https://doi.org/10.1016/S1473-3099(22)00320-6
https://doi.org/10.1016/j.dsx.2021.06.009
https://doi.org/10.1080/10410236.2020.1838096
https://doi.org/10.1080/10410236.2020.1838096
https://doi.org/10.1007/s42399-020-00363-4
https://doi.org/10.1007/s42399-020-00363-4
https://doi.org/10.1016/j.jiph.2020.07.014
https://doi.org/10.1159/000513288
https://doi.org/10.1016/j.nmni.2022.101053
https://doi.org/10.1093/jtm/taac104
https://doi.org/10.1016/j.dsx.2021.04.001
https://doi.org/10.1108/IJPCC-09-2020-0121
https://doi.org/10.1108/IJPCC-09-2020-0121


  www.microbiologyjournal.org575Journal of Pure and Applied Microbiology

Praveen et al. | J Pure Appl Microbiol. 2023;17(1):567-575. https://doi.org/10.22207/JPAM.17.1.54

Discovery and Delivery. 2021. doi: 10.1108/IDD-08-
2020-0097

32.  Arumugam VA, Thangavelu S, Fathah Z, et al. COVID-19 
and the World with Co-Morbidities of Heart Disease, 
Hypertension and Diabetes. J Pure Appl Microbiol. 
2020;14(3):1623-1638. doi: 10.22207/JPAM.14.3.01

33.  Fitero A, Bungau SG, Tit DM, et al. Comorbidities, 
Associated Diseases, and Risk Assessment in 
COVID-19-A Systematic Review. Int J Clin Practice. 
2022;1571826. doi: 10.1155/2022/1571826

34.  Chakraborty S, Mohapatra RK, Chandran D, Aet al. 
Monkeypox vaccines and vaccination strategies: 
Current knowledge and advances. An update - 
Correspondence. Int J Surg. 2022;105:106869. doi: 
10.1016/j.ijsu.2022.106869

35.  Praveen SV, Ittamalla R. Psychological Issues 
Covid-19 Survivors Face-A Text Analysis Study. 
Journal of Loss and Trauma. 2021;26(4):405-407. doi: 
10.1080/15325024.2020.1864127

36.  Praveen SV, Ittamalla R, Subramanian D. How optimistic 
do citizens feel about digital contact tracing? - 
Perspectives from developing countries. International 
Journal of Pervasive Computing and Communications. 
2020. doi: 10.1108/IJPCC-10-2020-0166

37.  Praveen SV, Ittamalla R. What concerns the general 
public the most about monkeypox virus? - A text 
analytics study based on Natural Language Processing 
(NLP). Travel Medicine and Infectious Disease. 
2022;49:102404. doi: 10.1016/j.tmaid.2022.102404

38.  Praveen SV, Ittamalla R, Subramanian D. Challenges in 
successful implementation of Digital contact tracing 
to curb COVID-19 from global citizen’s perspective: 
A text analysis study. International Journal of 
Pervasive Computing and Communications. 2020a.  
doi: 10.1108/IJPCC-09-2020-0147

39.  Praveen SV, Ittamalla R. Analyzing Indian citizen’s 
perspective towards government using wearable 
sensors to tackle COVID-19 crisis - A Text analytics 
study. Health Policy and Technology. 2021;100521. 
doi: 10.1016/j.hlpt.2021.100521

40.  Praveen SV, Ittammala R, Spoorthi K. A Study of 
People’s Perception of Childhood Trauma Using Text 
Analysis Techniques. Journal of Loss and Trauma. 
2021;1-3. doi: 10.1080/15325024.2021.1991171

41.  Praveen SV, Ittamalla R, Balakrishnan J. Analyzing 
general public’s perception on posttraumatic stress 
disorder and COVID-19: a machine learning study. 
Journal of Loss and Trauma. 2021;27(7):1-3. doi: 
10.1080/15325024.2021.1982558

42.  Praveen SV, Ittamalla R, Mahitha M, Spoorthi K. 
Trauma and Stress Associated With Breast Cancer 
Survivors-A Natural Language Processing Study. 
Journal of Loss and Trauma. 2022;28(2):1-4. doi: 
10.1080/15325024.2022.2058838

43.  Praveen SV, Ittamalla R. Post Covid-19 Attitude of 
Consumers Towards Processed Food - a Study Based on 
Natural Language Processing. Adv Intell Syst Comput. 
2021;863-868. doi: 10.1007/978-3-030-71187-0_79

44.  Praveen SV, Lorenz JM, Ittamalla R, et al. Twitter-Based 
Sentiment Analysis and Topic Modeling of Social 
Media Posts Using Natural Language Processing, to 
Understand People’s Perspectives Regarding COVID-19 
Booster Vaccine Shots in India: Crucial to Expanding 
Vaccination Coverage. Vaccines. 2022;10(11):1929. 
doi: 10.3390/vaccines10111929

45.  Praveen SV, Ittamalla R, Mahipalan M, Mahitha M, 
Priya DH. What Do Veterans Discuss the Most about 
Post-Combat Stress on Social Media? - A Text Analytics 
Study. Journal of Loss and Trauma. 2023;28(2):187-
189. doi: 10.1080/15325024.2022.2068662

https://doi.org/10.1108/IDD-08-2020-0097
https://doi.org/10.1108/IDD-08-2020-0097
https://doi.org/10.22207/JPAM.14.3.01
https://doi.org/10.1155/2022/1571826
https://doi.org/10.1016/j.ijsu.2022.106869
https://doi.org/10.1016/j.ijsu.2022.106869
https://doi.org/10.1080/15325024.2020.1864127
https://doi.org/10.1080/15325024.2020.1864127
https://doi.org/10.1108/IJPCC-10-2020-0166
https://doi.org/10.1016/j.tmaid.2022.102404
https://doi.org/10.1108/IJPCC-09-2020-0147
https://doi.org/10.1016/j.hlpt.2021.100521
https://doi.org/10.1080/15325024.2021.1991171
https://doi.org/10.1080/15325024.2021.1982558
https://doi.org/10.1080/15325024.2021.1982558
https://doi.org/10.1080/15325024.2022.2058838
https://doi.org/10.1080/15325024.2022.2058838
https://doi.org/10.1007/978-3-030-71187-0_79
https://doi.org/10.3390/vaccines10111929
https://doi.org/10.1080/15325024.2022.2068662

