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ABSTRACT

We study the similarity of adverse effects of COVID-19 vaccines
across different states in the United States. We use data of
~300,000 COVID-19 vaccine adverse event reports obtained from
the Vaccine Adverse Event Reporting System (VAERS). We extract
latent topics from the reported adverse events using a topic
modeling approach based on Latent Dirichlet allocation (LDA).
This approach allows us to represent each U.S state as a low-
dimensional distribution over topics. Using Moran's index of
spatial autocorrelation we show that some of the topics of
adverse events exhibit significant spatial autocorrelation,
indicating that there exist spatial clusters of nearby states that
exhibit similar adverse events. Using Anselin's local indicator of
spatial association we discover and report these clusters. Our
results show that adverse events of COVID-19 vaccines vary
across states which justifies further research to understand the
underlying causality to better understand adverse effects and to
reduce vaccine hesitancy.

INTRODUCTION

By June 12th, 2021, more than 2.3 billion doses of various brands
of COVID-19 vaccines had been administered world-wide with
more than 300 million doses administered in the United
States|[1]. The U.S. Centers for Disease Control and Prevention
(CDC) has stated that all U.S. authorized vaccines are safe and
efficient[2].While generally safe, the COVID-19 vaccines have
adverse effects, including common side effects such as injection
site pain and fever, but also including rare adverse effects that
can be more severe. In our prior work in [3] we performed a
spatio-temporal study on the adverse events of blood thinning
drugs and their spatial auto-correlation.

RESEARCH QUESTION/HYPOTHESIS

* To identify adverse events associated with FDA
approved drugs/vaccines and identify any spatial
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Fig 2) Roadmap from a vaccination symptom to VAERS report
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Adverse |Drug Location
Event 1D

Set of Adverse

Effects

1139067 |[Moderna MI

Dizziness, Injection
olence

rash, Somn

site pruritus, Injection site

1004857 | Moderna PA

Nausea, Palpitations,
Tremor

Presyncope, Pyrexia,

1115746 |Moderna NY

Chills,Headache, Nausea, Pain, Pain in extremity

1148711 Moaoderna CA

Axillary pain, Faligue, Headache, Nausea, Pain in

extremity

1240185 | Phizer IN Fatigue,Headache, Pain,Pyrexia

1120846 |Pfizer uT Nausca,Pain in extremity, Sleep disorder, Tinnitus,
Vertigo

1104541  |Phizer GA Injection site reaction, Rash pruritic

1138693 |Pfizer Wl Eve pruritus, Lip swelling, Nasal pruritus, Swelling

face, Urticaria

1200860 |Janssen TX

Headache

1114482 | Janssen M1

Chills, Hyperhidrosis, Pyrexia

1244935 |Janssen 1L

Heart rate

ity sleep, Pyrexia

=, Heai

't rate increased, Pain, Poor gual-

1202067 |Janssen 1t

Chills, Injection

ular, Pyrexia

site eryvthema, Menstruation irreg-

Table 1: Sample records of Adverse

Adverse Event.
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Fig 7) Pair-wise similarity matrix of latent topics of
COVID-19 vaccine adverse events of counties

in the United States. Fig 8) Local Indicator of Spatial Autocorrelation (LISA). Light red areas

correspond to high-high clusters. Light blue areas are low-low clusters.
Dark red and dark blue areas corresponds to high-low and low-high outliers.

DISCUSSION/CONCLUSIONS

In this work, we tackled the problem of measuring (dis-)similarity
between adverse events of COVID-19 vaccines observed in
different regions. Our measure leverages a topic modeling
approach using LDA to map each adverse event from a (textual)
set of adverse effects to a latent topic distribution. Using a
database of ~¥300,000 adverse event reports of COVID-19
vaccines in the United States, investigate the underlying topics
exhibit any spatial autocorrelation to understand if different
places exhibit different adverse events. Our results show that
some of the latent topics of COVID-19 adverse events show
significant positive spatial autocorrelation. Our local analysis of
spatial autocorrelation show that certain topics of adverse events
have increased (or decreased) likelihood in different parts of the
United States. We hope that teams of medical experts may find
this result to investigate the underlying causality. Reasons could
be due to vaccine quality issues, storage and cooling issues, or
simply due to different brands of vaccines.
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