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Abstract—Once a taboo topic, recently we have seen a greater
awareness of suicide and the factors that influence the suicide
rate. There are many factors that influence the suicide rate,
among these factors are religious affiliation and religious diver-
sity. Most of the research on religion’s influence on the suicide
rate has relied on the study of published articles retrieved
from a plurality of databases and surveys performed on the
selected population. In addition, hardly any research addresses
the impact of religious diversity on the suicide rate. The present
paper proposes studying the impact of religion on suicide using
a quantitative approach. A data set containing the suicide rate,
and religious affiliation rate of over 150 countries is constructed
from 1990 to 2010. The countries that constituted a population
with a single religion over a threshold percentage are identified
as countries lacking religious diversity. The analysis indicates
that different religions impact suicide differently. A baseline of
suicide rate was generated using countries that are mostly affil-
iated with no religions. The preliminary research was limited to
the top four religions of the world. Our research revealed that
countries that are mostly affiliated with Christianity, Hinduism,
and Buddhism had lower suicide rate compared to countries
with no religious affiliation at all. Even the countries that are
religiously diverse shield against suicide compared to countries
that are not affiliated with any religion.

Index Terms—Machine learning, Mental Health, NLP, Online
Information

1. Introduction

Every death caused by any fact or is distress for the
family.The experience is even more painful when the cause
of death is self-inflicted. The World Health Organization
(WHO) estimates that each year approximately one million
people die from suicide, which represents a global mortality
rate of 16 people per 100,000 or one death every 40 seconds.
It is predicted that by 2020 the rate of death will increase
to one every 20 seconds [?]. Based on different studies and
statistics the suicide has been a major issue in the past, and
the situation is only getting worse over the years.A lot of
research has been performed on different factors that impact
the suicide rate such as age, socio economics, sex, culture,
region, race, mental health etc....The study off actors that
impacts the suicide are complex as suicide rate could be
impacted by factors ranging from parenthood to the environ-
ment; however, understanding each of the factors that could
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influence suicide is essential for suicide preventions. One of
the factors that could potentially impact the suicide rate is
religion. A handful of studies over the past ten years have
examined the relationship between religion and suicide risk.
Most of these have not found an association,while two found
more suicide ideation among persons who gave low impor-
tance to religion [2]. Majority of these studies are based
on literature reviews, and surveys performed with selected
questionnaires. There is hardly any research available that
takes a quantitative approach to study the impact of religious
affiliation on the suicide rate. In addition,world is becoming
religiously diverse,and there have not been any study per-
formed that determines the influence of religious diversity
on the suicide rate.Thus,there is a need to investigate impact
of religious affiliation,and religious diversity on the suicide
rate. The analysis from these study aids us to make data-
driven decisions to reduce suicide rates. These decisions in-
clude (i)restrictive access to common means of suicide such
as (pesticides, firearms) (ii) public awareness of common
suicide signs and available help (iii) social support within
communities (iv)improving living conditions (v) providing
essentials like food (vi) public transportation, education, and
jobs(vii)regularly implementing Mental Health Screenings
by health organizations.

2. Literature

Ying and Tyler studied first on religion,suicide ideation,
and suicide attempts and second investigated on religion and
completed suicide. From their first analysis, they found that
spirituality may reducethe risk of suicide alideation through
some evidence. They also found that communal forms of re-
ligious participation such as service attend ancemay reduce
the risk of suicidal behaviors. In their second part of the
analysis,they found religious affiliations may be associated
with a lower risk of suicide,but the associations vary across
religious denominations and social contexts.They found
stronger evidence that proves that frequent religious service
attendance may reduce the risk of death by suicide.They
suggest there is a need to understand the association between
religion and suicide in the broader context of secularization
and shift in the age of distribution of suicide from older to
younger groups in many modern societies[3].

Danah and Andrew found predominant religion is signif-
icantly associated with the sex suicide ratio. They performed
analysis on cultural factors such as geography, religion and
life expectancy, PPP, education total fertility rate, and gender



development index on male and female ratio. They also
found Christianity is one of the major religions for suicide
rates due to colonial historyin countries that may lead to a
variety of societal influences in addition to religion.Another
religion was Hinduism which ranked third highest suicide
mortality ratio. Additionally,they found that associeties be-
come richer and more educated,males have a higher risk of
dying as a consequence of suicide relative to females[4] and
it shoews in the analysis of online comments. [?], [1], [2],
(31, [4]

Philippe’s analysis revealed religion was important for
many of the patient suffering from psychotic or other psychi-
atric disorders[7]. emotion and sentiment analysis [5], [6],
[71, [8], [9], [10] of the online comments could help us to
detect mental health patients.For this work, we used machine
learning and NLP models for analytic of online texts based
on the NLP models developed by our research mentors at
George Mason University and other researchers to detect
mental health based on text analysis on online information.
[11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21],
[22], [23]

Agnus reveals income level of the region showed the
strongest negative association with the suicide rate,followed
by heavy drinking,the population aged65and had positive
associations with the suicide rate [8].

Lawrence et al. examined the relationship between sui-
cide attempts and ideation. Three hundred and twenty-one
adult inpatients and outpatients with current diagnoses of
Major Depressive Disorder or Bipolar Disorder were re-
cruited for the study. Based on the diagnostic interview
results, the study found past suicide attempts were more
common among depressed patients with a religious affilia-
tion.Additionally, suicide ideatio nwas more severe among
depressed patients who said religion is more important, and
among those who Brito et al. examined the association
between religious beliefs and observance and the prevalence
of psychiatric disorders, psychotic symptoms and history of
suicide attempts in the French general population. The study
involved interviewing 38, 694 subjects at 47 study sites.
A positive associatio nwas found with psychotic disorders.
Conversely, a negative association was found between reli-
giosity and history of suicide attempts [9].

Religiosity has been shown to be associated with lower
levels of aggression and hostility, drug use, and risky sex-
val activity, which are related to suicidal behavior. In a
prospective study with depressed youth, for a more complex
under standing of the relationship between depression and
religiousness,finding not all religious beliefs and experi-
ences corresponding with better mental health. Research
suggests that only certain aspects of religiosity/spirituality
(e.g., importance of religion, sense of connectedness)might
be associated with suicidal behavior. Research regarding re-
ligion/spirituality in youth,requires more exploratory studies
to further this understanding [6].

Gearing et al. discusses the impact of religion on the
suicide rate [S]. The study states “an accurate understanding
of a client’s religious faith and participation may indi-
cate potential suicide risk. In addition, assessing religios-

ity may also identify potential areas that treatment could
target and enhance life affirming beliefs and expectations.”
The methodology used in this study involved searching
the databases for peer reviewed articles on religion and
suicide between 2008 and 2017. The study concluded that
the influence of religiosity on suicide appears to vary by
gender. Similarly, the research also identified that individ-
uals with lower religious orientation are at increased risk
of suicide compared to individuals with higher religious
orientation.This study was restrictedto males. In addition,the
study identifies that research is needed to better understand
the unique protective role that religions exert against sui-
cide, specifically as it may be moderated by demographic
characteristics (e.g., gender, age, and belonging to specific
subgroups)and degree of religiosity (e.g.,participation in re-
ligious activities).

The above papers researched on suicide rate influ-
enced by spiritual beliefs, religious rituals, psychotic disor-
ders, heavy drinking,tobacco,alcohol,geographical area,life
expectancy, PPP, education, fertility rate, and gender devel-
opment. However we use applications of machine learning
in natural language processing [17], [24], [25], [26], [27],
(28], [29], [301, [31], [32], [33], [34], [35], [36], [37], [38],
[39], [40] in other domains such as health, security and
business, and apply transfer learning models to analyse the
online comments [41], [42], [43], [44], [45], [46], [47], [48],
[49], [50], [51], [52], [53], [54], [55]. There are only a
few papers that have concentrated on religion and suicide
rate relation. Additionally, they conducted research based on
other paper analyses.This paper aims to analyze the suicide
rate based on sex, religion and few other attributes using
publicly available data. There are six major religions in the
world. These religions are Buddhists, Muslims, Christians,
Hinduism, Jews, and folk religions. We would be identify-
ing which religions contributes lowest and highest suicide
rate among them. Additionally, we will explore which sex
has contributed high suicide rate in top-ranked religion.The
above analysis can help to visualize a broader context in
society.

2.1. Problem Description

Between 2008 and 2017, publications on religion and
suicide were published in the PsycINFO, MEDLINE,
SocINDEX, and CINAHL databases. The influence of re-
ligious variety, as well other factors,on the suicide rate
was not understood in the studies undertaken during these
years.To prevent suicide and reduce the ever-increasing sui-
cide rate, we must first determine the relationship between
the elements that influence suicide. The literature evaluation
suggests that religion may have a significant role in suicide
prevention; however,this is not the focus of their study.
Determining and for casting the cause of suicide will help
us make data-driven decisions in the health curriculum and
take proactive preventative efforts through suicide preven-
tion organizations like NSPL, NOFA, AFSP, NIMH, SPTS,
and CDC...etc Furthermore,the study will educatethe public
about the impact of religion on the suicide rate.



2.2. Problem Investigation

Investigation into the problem set included data collec-
tion for the following primaries:

o The factors caused to suicide by the religious be-
lieves and its impact when there are diversified
religions.

o Is there a link between religion and suicide,the re-
sults of this study will be determined by comparing
the suicide rates of various faiths to the suicide rates
of non-religious persons. The greatest influences of
religions on suicide.

3. Methodology

The methodology was divided into two steps:

o Dataset Preparation
o Analytical Approach

3.1. Dataset Preparation

We searched trusted sources for data related to suicide
rate of different countries over the years, and religious
affiliation of different countries over the years. We retrieved
the suicide rate data from world health organization, and
religious affiliation data from data world. Once datasets were
received and their validity verified, the next step was to
combine the datasets to build a dataset that could corre-
late religious affiliation with suicide rate. The dataset was
merged using the countries and years as common attribute.

3.2. Analytical Approach

In order to analyze the impact of religions on the suicide
rate, first we needed to determine the countries that are not
affiliated with any country as baseline. The non-religious
countries were determined, and their suicide rate was ana-
lyzed. Next, we determined the most popular religions in the
world. Once the most popular religions were determined,
analysis were performed to determine the countries that
belong to each of the popular religions. In order to ensure
that influence of single religion is determined, we selected
the countries where the predominant population belongs
to a single religion, thus lacking religious diversity. For
majority of popular religions, threshold of 95% and above
was used to ensure that these areas are only influenced by a
single religion. In addition, countries with religious diversity
were also determined to analyze the influence of religious
diversity on suicide. The results of individual religions were
compared wit each other, and the baseline of non-religious
affiliation to determine the religious influence on the suicide
rate.

Measure Name:

=

Figure 1. Most Popular Religions in the World -[Tableau]

3.2.1. Top Five Religions in the World: . For this study we
focused on top five religions in the world. Figure 1 shows
the religious population over the years in the world. As
can be seen from the above figure, Christianity, Islam, non-
religion, Hinduism, and Buddhism makeup top five religions
in the world. In addition, top five religion’s population have
kept increasing over the time. Christianity is still the leading
religion, whereas Islam is growing on faster rate than any
other religions.

3.2.2. Countries that Lack Religious Diversity:. Next,
for each of the top five popular religions in the world,
we identified the countries that belong to a single religion
(thus lacking religious diversity). The countries that have a
single dominant religion were selected based on religious
affiliation threshold. For majority of popular religions, we
were able to select countries that have at least 90% religious’
affiliation.

3.2.3. Predominant Christian Countries:. Figure 2 bar
graph shows ranked snippet of the Christian affiliation for
each country in the dataset for year 2010. The analysis
was performed from 1995-2010 by each five years. The
following table shows countries with at least 95% of the
population that belongs to Christianity in 2010.

References

[1] J. H. Fetzer, “Disinformation: The use of false information,”
vol. 14, no. 2, pp. 231-240, May 2004. [Online]. Available:
https://doi.org/10.1023/b:mind.0000021683.28604.5b

[2] M. Fernandez and H. Alani, “Online misinformation.” ACM Press,
2018. [Online]. Available: https://doi.org/10.1145/3184558.3188730

[31 H. Zhang, A. Kuhnle, J. D. Smith, and M. T. Thai, “Fight
under uncertainty: Restraining misinformation and pushing
out the truth” IEEE, Aug. 2018. [Online]. Available:
https://doi.org/10.1109/asonam.2018.8508402

[4] W.-Y.S. Chou, A. Oh, and W. M. P. Klein, “Addressing health-related
misinformation on social media,” vol. 320, no. 23, p. 2417, Dec.
2018. [Online]. Available: https://doi.org/10.1001/jama.2018.16865



(3]

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Country
[16]

[17]

Figure 2. : Predominant Christian Countries -[Tableau] [18]

S. Zad, M. Heidari, H. James Jr, and O. Uzuner, “Emotion detection
of textual data: An interdisciplinary survey,” in 2021 IEEE World AI[19]
IoT Congress (AlloT). 1EEE, 2021, pp. 0255-0261.

L. Cui and D. Lee, “Coaid: COVID-19 healthcare misinformation
dataset,” CoRR, vol. abs/2006.00885, 2020. [Online]. Available:
https://arxiv.org/abs/2006.00885

D. M. J. Lazer, M. A. Baum, Y. Benkler, A. J. Berinsky, K. M.
Greenhill, F. Menczer, M. J. Metzger, B. Nyhan, G. Pennycook,
D. Rothschild, M. Schudson, S. A. Sloman, C. R. Sunstein, E. A.
Thorson, D. J. Watts, and J. L. Zittrain, “The science of fake news,”
vol. 359, no. 6380, pp. 1094—-1096, Mar. 2018. [Online]. Available:
https://doi.org/10.1126/science.aa02998

Q. Su, M. Wan, X. Liu, and C.-R. Huang, “Motivations,
methods and metrics of misinformation detection: An NLP
perspective,” vol. 1, no. 1-2, p. 1, 2020. [Online]. Available:
https://doi.org/10.2991/nlpr.d.200522.001

S. Cresci, R. D. Pietro, M. Petrocchi, A. Spognardi, and
M. Tesconi, “The paradigm-shift of social spambots: Evidence,
theories, and tools for the arms race,” in Proceedings of the 26th
International Conference on World Wide Web Companion, Perth,[23]
Australia, April 3-7, 2017, 2017, pp. 963-972. [Online]. Available:
https://doi.org/10.1145/3041021.3055135

S. Zad, M. Heidari, J. H. Jones, and O. Uzuner, “A survey on concept-
level sentiment analysis techniques of textual data,” in 2021 IEEE(24]
World Al IoT Congress (AlloT). 1EEE, 2021, pp. 0285-0291.

M. Heidari, H. James Jr, and O. Uzuner, “An empirical study of
machine learning algorithms for social media bot detection,” in 2021
IEEE International 10T, Electronics and Mechatronics Conference[zs]

[20]

[21]

[22]

(IEMTRONICS). IEEE, 2021, pp. 1-5.

C. Yang, R. C. Harkreader, and G. Gu, “Empirical
evaluation and new design for fighting evolving twitter[26]
spammers,” IEEE Trans. Information Forensics and Security,
vol. 8, mno. 8, pp. 1280-1293, 2013. [Online]. Available:
https://doi.org/10.1109/TIFS.2013.2267732 [27]

J. Devlin, M. Chang, K. Lee, and K. Toutanova, “BERT: pre-training
of deep bidirectional transformers for language understanding,” in
Proceedings of the 2019 Conference of the North American Chapter[zs]
of the Association for Computational Linguistics: Human Language
Technologies, NAACL-HLT 2019, Minneapolis, MN, USA, June 2-7,
2019, Volume 1 (Long and Short Papers), J. Burstein, C. Doran, and
T. Solorio, Eds. Association for Computational Linguistics, 2019,
pp. 4171-4186. [Online]. Available: https://doi.org/10.18653/v1/n19-
1423

D. S. Khoury, D. Cromer, A. Reynaldi, T. E. Schlub, A. K.
Wheatley, J. A. Juno, K. Subbarao, S. J. Kent, J. A. Triccas, and
M. P. Davenport, “Neutralizing antibody levels are highly predictive[30]
of immune protection from symptomatic SARS-CoV-2 infection,”
Nature Medicine, vol. 27, no. 7, pp. 1205-1211, May 2021. [Online].
Available: https://doi.org/10.1038/s41591-021-01377-8

[29]

[15] J.  Havey. “pharma research progress hope,”. [Online].
Available: https://catalyst.phrma.org/a-year-and-a-half-later-the-
biopharmaceutical-industry-remains-committed-to-beating-covid-
19?utm.ampaign 2021 — ¢3 — cov — innutmmedium =
paisrhepe — ggl — adfutmsource gglutmcontent
clk — pol — tpvscl — geostd — usa — dca — paisrhepc — ggl —

M. Heidari, S. Zad, B. Berlin, and S. Rafatirad, “Ontology creation
model based on attention mechanism for a specific business domain,” in
2021 IEEE International 10T, Electronics and Mechatronics Conference
(IEMTRONICS). IEEE, 2021, pp. 1-5.

N. Sallahi, H. Park, F. E. Mellouhi, M. Rachdi, I. Ouassou, S. Belhaouari,
A. Arredouani, and H. Bensmail, “Using unstated cases to correct for
COVID-19 pandemic outbreak and its impact on easing the intervention
for qatar,” Biology, vol. 10, no. 6, p. 463, May 2021. [Online]. Available:
https://doi.org/10.3390/biology 10060463

M. El-Harbawi, B. B. Samir, M.-R. Babaa, and M. 1. A. Mutalib, “A
new QSPR model for predicting the densities of ionic liquids,” Arabian
Journal for Science and Engineering, vol. 39, no. 9, pp. 6767-6775, Jun.
2014. [Online]. Available: https://doi.org/10.1007/s13369-014-1223-3

M. Heidari and S. Rafatirad, “Semantic convolutional neural network model
for safe business investment by using bert,” in 2020 Seventh Interna-
tional Conference on Social Networks Analysis, Management and Security
(SNAMS). 1EEE, 2020, pp. 1-6.

P. R. Krause, T. R. Fleming, R. Peto, I. M. Longini, J. P. Figueroa, J. A. C.
Sterne, A. Cravioto, H. Rees, J. P. T. Higgins, I. Boutron, H. Pan, M. F.
Gruber, N. Arora, F. Kazi, R. Gaspar, S. Swaminathan, M. J. Ryan, and
A.-M. Henao-Restrepo, “Considerations in boosting COVID-19 vaccine
immune responses,” The Lancet, vol. 398, no. 10308, pp. 1377-1380, Oct.
2021. [Online]. Available: https://doi.org/10.1016/s0140-6736(21)02046-8

J. H. Kim, F. Marks, and J. D. Clemens, “Looking beyond COVID-19
vaccine phase 3 trials,” Nature Medicine, vol. 27, no. 2, pp. 205-211, Jan.
2021. [Online]. Available: https://doi.org/10.1038/s41591-021-01230-y

E. C. Ferndndez and L. Y. Zhu, “Racing to immunity: Journey to a
COVID-19 vaccine and lessons for the future,” British Journal of Clinical
Pharmacology, vol. 87, no. 9, pp. 3408-3424, Jan. 2021. [Online].
Available: https://doi.org/10.1111/bcp.14686

M. Heidari, S. Zad, and S. Rafatirad, “Ensemble of supervised and un-
supervised learning models to predict a profitable business decision,” in
2021 IEEE International 10T, Electronics and Mechatronics Conference
(IEMTRONICS). IEEE, 2021, pp. 1-6.

M. Heidari and J. H. Jones, “Using bert to extract topic-independent
sentiment features for social media bot detection,” in 2020 1I1th IEEE
Annual Ubiquitous Computing, Electronics Mobile Communication Con-
ference (UEMCON), 2020, pp. 0542-0547.

Code Academy. “natural language processing/text preprocessing”.
[Online].  Available:  https://www.codecademy.com/learn/dscp-natural-
language-processing/modules/dscp-text-preprocessing/cheatsheet

DeepAl “named-entity recognition”. [Online]. Avail-
able: https://deepai.org/machine-learning-glossary-and-terms/named-entity-
recognition

C. on foreign relations. “the u.s. war in afghanistan”. [Accessed
December 9, 2021]. [Online]. Available: https://www.cfr.org/timeline/us-
war-afghanistan

P. Hajibabaee, M. Malekzadeh, , M. Heidari, S. Zad, O. Uzuner, and J. H.
Jones, “An empirical study of the graphsage and word2vec algorithms for
graph multiclass classification,” in 2021 IEEE 12th Annual Information
Technology, Electronics and Mobile Communication Conference (IEM-

CON). IEEE, 2021.
“covid-19  third doses — health”. [Accessed December 5,
2021]. [Online]. Available: https://www.fairfaxcounty.gov/health/novel-

coronavirus/vaccine/third-doses

S. Zad, M. Heidari, P. Hajibabaee, and M. Malekzadeh, “A survey of
deep learning methods on semantic similarity and sentence modeling,” in
2021 IEEE 12th Annual Information Technology, Electronics and Mobile
Communication Conference (IEMCON). 1EEE, 2021.



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

S. Akon and A. Bhuiyan, “Covid-19: Rumors and youth vulnerabilities in[48]
bangladesh,” 07 2020.

M. Heidari, S. Zad, M. Malekzadeh, P. Hajibabaee, , S. HekmatiAthar,
O. Uzuner, and J. H. J. Jones, “Bert model for fake news detection
based on social bot activities in the covid-19 pandemic,” in 2021 12th
IEEE Annual Ubiquitous Computing, Electronics Mobile Communication
Conference (UEMCON). 1EEE, 2021.

“suicide statistics”. [Accessed December 9, 2021]. [Online]. Available:
https://www.befrienders.org/suicide-statistics

T. V. Green and C. Doherty. “majority of u.s. public favors afghanistan[49]

troop withdrawal; biden criticized for his handling of situation”. [Online].
Available: https://www.pewresearch.org/fact-tank/2021/08/3 1/majority-
of-u-s-public-favors-afghanistan-troop-withdrawal-biden-criticized-for-his- [50]
handling-of-situation/

M. U. Islam, F. B. Ashraf, A. I. Abir, and M. A. Mottalib, “Polarity
detection of online news articles based on sentence structure and dynamic[51]
dictionary,” in 2017 20th International Conference of Computer and
Information Technology (ICCIT). 1EEE, Dec. 2017. [Online]. Available:
https://doi.org/10.1109/iccitechn.2017.8281777

M. Malekzadeh, P. Hajibabaee, M. Heidari, S. Zad, O. Uzuner, and J. H.[52]
Jones, “Review of graph neural network in text classification,” in 2027 12th
IEEE Annual Ubiquitous Computing, Electronics Mobile Communication
Conference (UEMCON). 1EEE, 2021.

E. Kiely and R. Farley. “timeline of u.s. withdrawal from afghanistan”.[53]

[Online]. Available: https://www.factcheck.org/2021/08/timeline-of-u-s-
withdrawal-from-afghanistan/ [54]
Real Python. “tokenization in spacy”. [On-

line]. Available: https://realpython.com/natural-language-processing-spacy-
python/#tokenization-in-spacy

D. Smelz and E.  Sullivan.  (August 9, 20201
“us  public supports  withdrawal from  afghanistan”.  [On-
line].  Available:  https://www.thechicagocouncil.org/commentary-and-

analysis/blogs/us-public-supports-withdrawal-afghanistan

spaCy. “spacy 101: Everything you need to know”. [Online]. Available:
https://spacy.io/usage/spacy-101

Code  Academy.  “text  preprocessing”.  [Online].  Available:
https://www.codecademy.com/courses/text-preprocessing/lessons/text-
preprocessing/exercises/introduction

J. Howard. “could covid-19 vaccine boosters be necessary? here’s
what experts are saying”. [Accessed October 2021]. [Online].
Available: https://www.wesh.com/article/could-covid-19-vaccine-boosters-
be-necessary-heres-what-experts-are-saying/36519793

A. Ain, “The WHO is right to call a temporary halt to COVID vaccine
boosters,” Nature, vol. 596, no. 7872, pp. 317-317, Aug. 2021. [Online].
Available: https://doi.org/10.1038/d41586-021-02219-w

E. Callaway, “COVID vaccine boosters: the most important questions,”
Nature, vol. 596, no. 7871, pp. 178-180, Aug. 2021. [Online]. Available:
https://doi.org/10.1038/d41586-021-02158-6

A. Weatherton. “health expert says booster shot could be needed after
getting covid-19 vaccine”. [Accessed June 8, 2021]. [Online]. Avail-
able: https://www.13newsnow.com/article/life/booster-shot-may-be-needed-
after-covid-19-vaccine/291-49a8966¢-3d91-48ad-99a0-02905¢5593cc

P. Naaber, L. Tserel, K. Kangro, E. Sepp, V. Jiirjenson, A. Adamson,
L. Haljasmigi, A. P. Rumm, R. Maruste, J. Kérner, J. M. Gerhold,
A. Planken, M. Ustav, K. Kisand, and P. Peterson, “Dynamics of antibody
response to BNT162b2 vaccine after six months: a longitudinal prospective
study,” The Lancet Regional Health - Europe, vol. 10, p. 100208, Nov.
2021. [Online]. Available: https://doi.org/10.1016/j.lanepe.2021.100208

M. Heidari, J. H. Jones, and O. Uzuner, “Deep contextualized word em-
bedding for text-based online user profiling to detect social bots on twitter,”
in 2020 International Conference on Data Mining Workshops (ICDMW).
IEEE, 2020, pp. 480-487.

S. J. Thomas, E. D. Moreira, N. Kitchin, J. Absalon, A. Gurtman,
S. Lockhart, J. L. Perez, G. P. Marc, F. P. Polack, C. Zerbini,
R. Bailey, K. A. Swanson, X. Xu, S. Roychoudhury, K. Koury,
S. Bouguermouh, W. V. Kalina, D. Cooper, R. W. Frenck, L. L. Hammitt,
Ozlem Tiireci, H. Nell, A. Schaefer, S. Unal, Q. Yang, P. Liberator,
D. B. Tresnan, S. Mather, P. R. Dormitzer, U. Sahin, W. C. Gruber,
and K. U. Jansen, “Safety and efficacy of the BNT162b2 mRNA
covid-19 vaccine through 6 months,” New England Journal of Medicine,
vol. 385, no. 19, pp. 1761-1773, Nov. 2021. [Online]. Available:
https://doi.org/10.1056/nejmoa2110345

E. Dolgin, “COVID vaccine immunity is waning — how much does that
matter?” Nature, vol. 597, no. 7878, pp. 606607, Sep. 2021. [Online].
Available: https://doi.org/10.1038/d41586-021-02532-4

“virginia open data portal”’. [Accessed November 6, 2021].
[Online]. Available: https://data.virginia.gov/Government/VDH-COVID-
19-PublicUseDataset- Vaccines-DosesAdmini/28k2-x2rj

u.S. Food and Drug Administration. “covid-
19 vaccines”. [Accessed November 6, 2021]. [On-
line]. Available: https://www.fda.gov/emergency-preparedness-and-

response/coronavirus-disease-2019-covid-19/covid-19-vaccines

M. Heidari and S. Rafatirad, “Bidirectional transformer based on online
text-based information to implement convolutional neural network model
for secure business investment,” in 2020 IEEE International Symposium on
Technology and Society (ISTAS). 1IEEE, 2020, pp. 322-329.

populationU. “populationU”. [Accessed October 10, 2021]. [Online].
Available: https://www.populationu.com/us/virginia-population

V. D. of Health. “covid-19 vaccine summary -  coro-
navirus”.  [Accessed  October 10, 2021].  [Online].  Avail-
able: https://www.vdh.virginia.gov/coronavirus/covid-19-in-virginia/covid-
19-vaccine-summary/

M. S. Berg. “what doctors wish patients knew about covid-19
herd immunity”. [Accessed October 10, 2021]. [Online]. Avail-
able: https://www.ama-assn.org/delivering-care/public-health/what-doctors-
wish-patients-knew-about-covid-19-herd-immunity



