
Nadin M, Sharma A, Shekar G. Examining the relation between virus mutation and vaccination. A 
data analysis. J of Vaccinology. (2025);4(1):1-23

Research Article Open Access

Page 1 of 23

Journal of 
Vaccinology

Examining the Relation between Virus Mutation and Vaccination. A 
Data Analysis

Mihai Nadin1*, Ayush Sharma2, Gaurav Shekar3

1Institute for Research in Anticipatory Systems, Ashbel Smith University Professor Emeritus, University of Texas at Dallas ORCID: 0000-0001-9712-8921
2MSBA Business Analytics, University of Texas at Dallas ORCID: 0000-0001-8185-3299

3Senior Assistant Dean – Graduate Programs, Naveen Jindal School of Management, The University of Texas at Dallas

Article Info

Article Notes 
Received: February 04, 2025
Accepted: April 14, 2025

*Correspondence: 
*Dr. Mihai Nadin, Institute for Research in Anticipatory Systems, 
Ashbel Smith University Professor Emeritus, University of Texas 
at Dallas ORCID: 0000-0001-9712-8921; 

©2025 Nadin M. This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License.

Keywords: 
Anticipation
Vaccination
Variants
Mutation
Multi-causality
Selective-pressure

 �

Abstract

Public-domain available data documents the dynamics of variance 
characteristic of the COVID-19 pandemic. The enormous, but fractured, 
vaccination effort, and the still surprising dynamics of variants suggest 
possible inferences. The premise of the data analysis subject of this report is 
that vaccination, as an anticipatory action, is supposed to be preventive. The 
timeline of vaccine development for the large number of coronavirus forms 
suggests that the window of opportunity for prevention was missed. As a 
consequence, medicine was asked to react by finding means and methods for 
controlling the parameters of a pandemic. Various interventions were pursued 
under the pressure of the situation. As the record shows, such interventions can 
result in intentional or unintentional selective pressure on the virus associated 
with pandemic. The hypothesis that this pressure may favor the emergence of 
variants informs the research presented in this study. We examined mutations 
that result in partial immune evasion, not as an accident, but in connection 
to the vaccination effort. The data analysis performed suggests that the 
occurrence and frequency of vaccine-resistant mutations correlate with 
vaccination rates in certain regions. 

Introduction
The research presented in this report pertains to the relation 

between the relatively high number of variants of the COVID-19 
virus and the world-wide development and deployment of various 
vaccines. As an exploratory data analysis, it focuses on public-domain 
data provided by the scientific community. Furthermore, it consists 
of a multi-pronged analysis guided by the following questions: Could 
it be that vaccination affected the dynamics of the virus? The record 
shows that vaccines, regardless of their nature, exert selective 
pressure on the process of virus multiplication (based upon which 
the immune system is activated). This may lead to mutations, 
for which the host provides the causative path, that allow partial 
immune evasion. Higher mutation rates in unvaccinated populations 
is just one possible explanation. Research1 has indicated that the 
occurrence and frequency of vaccine-resistant mutations correlate 
with vaccination rates in certain regions. Vaccine coverage data and 
virus variant data cannot be ignored. In full awareness of biases, we 
emphasize that the outcome of this explanatory analysis remains 
preliminary; i.e., it could not “prove” or “disprove” a single factor. 
As a consequence, there was no vaccine available for prevention, 
when in 2020 emergency use authorization gave Pfizer-BioNTech 
the green light for reacting to the COVID-19 pandemic.

The research we report on is part of the larger subject of 
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vaccination effectiveness, and as such invites focus on data 
from population-level studies in association with specific 
inferences from biology-based research of interventions 
(vaccines or therapy). The preliminary context definition 
provides the broader perspective of the “mechanics” of 
vaccination (what does it mean to be vaccinated?). This 
is followed by biological evidence, in particular (but not 
restricted to) quantifications (i.e., measurements) made 
possible through sequencing, as the method for evaluating 
causation. Reporting biases (cultural, political, even 
scientific in nature), the final part of the study is dedicated 
to the data analysis itself (i.e., where correlations can be 
observed), reuniting the two perspectives (statistical 
record and genetic evidence). 

Preliminary context definition
While Gregor Mendel2 is credited for the beginning 

of the study of the biological process of inheritance, 
others (e.g., Avery, MacLeod, and McCarty3 Miescher/
Dahm4 Meselson5 suggested ways to understand it that 
preceded the currently accepted genetics-based view.  
John von Neumann6 observed that replication is definitory 
of the living. Inspired by how genetic processes take 
place, he suggested the mathematics of self-reproducing 
automata.  His perspective, in the tradition of reductionist 
determinism, informs current work in a variety of fields, 
including vaccine science. The premise for the self-
reproducing process he advanced is the identity of the 
cells, i.e., for him, all cells are the same.  

The work of André Boivin (in particular Boivin and 
Vendrely7 in the specific domain of the role of RNA, 
qualifies as the premise for what eventually became 
the subject of interest of scientists seeking to emulate 
processes associated with vaccination. The statement: 
“the macromolecular deoxyribonucleic acids govern the 
building of macro-molecular ribonucleic acids, and, in turn, 
these control the production of cytoplasmic enzymes” is the 
earliest hypothesis based upon which the mRNA vaccine 
was developed. The first mRNA vaccination dates back to 
2008—a clinical trial of an anti-cancer vaccine. Infectious 
diseases became a target in 2013. During the same period, 
viral vector vaccines (VVV), protein submit vaccines (PSV), 
and virus-like particle (VLP) were also tested. Unfortunately, 
instead of preparing for the worst-case scenario, research 
was underfunded and never subject to rigorous validation 
processes.  (On the history of this development, see8.) The 
pandemic became a new opportunity for testing, on a scale 
never before attempted—but the opportunity was not 
used. The hypothesis that a transient RNA molecule acts 
as a transcript of the genetic code was later attributed 
to Brenner9 whose work von Neumann influenced. This 
particular RNA was termed messenger RNA (mRNA). 
After that particular RNA was identified as a therapeutic 
molecule (in 1992, it was used to transiently reverse 

diabetes insipidus in Brattleboro rats), it was adopted for 
mRNA vaccines. (For more details, see10,11). According 
to Brenner, Jacob and Meselson 12, ribosomes synthesize 
proteins according to the instructions supplied by mRNA. 
It is understood that vaccines are substances (natural or 
synthetic) used to trigger the production of antibodies 
and thus provide immunity against possible undesired 
conditions. They are made from what is identified as a 
causative agent of a disease, its products, or a synthetic 
substitute. This substitute acts as an antigen without 
inducing the full-fledged disease. 

Vaccination is an example of anticipation-guided 
medicine. It engages the immune system in preventing 
infection and disease. Of course, as an intervention in 
the biology of the subject, it can have unexpected results: 
The entire controversy around vaccines—mRNA or any 
other—is, from a logical perspective, the outcome of the 
multi-causality characteristic of all medical interventions. 
The record of successful vaccination—measles, mumps, 
rubella, diphtheria, polio, etc.—is reflected by the 
World Health Organization (WHO) report according to 
which “vaccines have saved an estimated 154 million lives 
in the past 50 years and have helped protect against more 
than 20 diseases.  This includes diseases like pneumonia, 
cervical cancer, and Ebola”13. The WHO also found that for 
each life saved by immunization, an average of 66 years 
of full health are gained. (This conclusion continues to be 
challenged.)

For all practical purposes, the mRNA inoculation, 
subject of a variety of debates (many outside the realm 
of science), does not qualify as vaccination in the sense 
of preventing infections. This became a matter of judicial 
controversy (Case No.21A15, Supreme Court, August 10, 
2021). In the polarizing atmosphere of debates (among 
scientists, government officials, political and social 
activists, members of the media, and ordinary members 
of society) regarding COVID-19, the CDC definition 
of vaccination evolved. In its current formulation, it 
emphasizes prevention of severe disease, rather than 
prevention of infection. Semantics aside, prevention 
is  significant for the biology of various methods of 
vaccination. (For more on this topic see11. It is beyond 
controversy that those who were inoculated (usually 
receiving two shots and one or several boosters) fared 
better in terms of hospitalization and mortality than those 
who were not treated. A mathematical model published 
in The Lancet Infectious Disease estimated that COVID-19 
vaccines saved more than 14 million lives in the first year 
after their introduction14. Many other studies disclosed 
preoccupation with efficiency and safety myths (one 
example: Dibash and Shaffer15). Work is still in progress—
the summer and autumn of 2024 produced evidence of 
a danger not to be ignored, and of the need to refine the 
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means used in order to mitigate ongoing COVID-related 
risks. However, our focus is not on the efficiency of the 
mRNA vaccines, or any other vaccine, but on particular 
data representing the dynamics of vaccination (still in 
progress) and that of virus mutations. The research 
benefited from OurWorldInData16, which allows for 
comparing non-mRNA treatments with traditional 
vaccination (adenovirus vector vaccines, inactivated virus 
vaccines, subunit vaccines). The purpose of the research 
was to examine whether there is a relation between 
mRNA and other forms of inoculation and the emergence 
of COVID variants. 

For the record: In this report, we specifically leave 
out considerations of various hypotheses regarding what 
was described as “evolution of the virus.” Viruses have no 
agency; therefore, using evolution-based terminology is 
rather specious. Just for clarification: Empirical evidence 
shows that viruses do not metabolize. The energy of the 
processes triggered by viruses attached to living cells 
(ACE2 in particular) comes from the host. Stages of “Virus 
Replication”17, i.e. attachment, penetration, uncoating, 
transcription/translation, assembly are informative of the 
viral process. However, changes in the genetic makeup 
of viruses (DNA or, as in SarsCov2 RNA) involves various 
possible mutation mechanisms (change in the amino 
acid sequence or the protein missense or nonsense 
mutations, recombination, etc.) for which the living cell 
provides energy. Since RNA viruses lack what is called 
“proofreading” mechanism, they have a higher mutation 
rate. As a positive-sense single-stranded ribonucleic 
acid (+ssRNA) virus, SARS-CoV-2 has a higher rate of 
mutation compared to double-stranded RNA viruses and 
DNA viruses. The mutation rate of SARS-CoV-2 has been 
recorded as 1.87  ×  10−6  nucleotide substitutions per site 
per day. To which extent the  mRNA vaccination method 
eventually adopted reflects the awareness of this data is 
not known.

Dynamics of viral infection
While progress has been made in the analytic aspects of 

the virus (more precisely, in its chemistry), science remains 
in doubt when addressing questions related to the dynamics 
of viral infection. The specific aspects of Sars-Cov-2 are 
reflected in the scale of people affected: number infected, 
number treated, long-term consequences, mortality rate, 
the profile of those who succumbed, etc. Therefore, it is 
justified to question the limiting focus on the chemistry of 
the causative agent (the spiked protein) to the detriment 
of understanding the various processes through which 
infections are triggered. Their variety, the role of the immune 
system, and the role of the individual anamnesis are all 
important in evaluating the possibility and the expectation 
of vaccination, and even its outcome. In short: the 
reductionist-deterministic perspective—which undergirds 

von Neumann’s theory of replication and by extension the 
assumptions of the genetics considerations of the mRNA 
vaccine—might prove incomplete. The perspective adopted 
in conceiving means and methods of prevention or of 
reaction is consequential. The deterministic-reductionist 
perspective, which is documented in this study, stands 
in contrast to the view that the dynamics of life, which 
includes the dynamics of infection, reflects the empirically 
proven theses that life is G-complex. In Gödel’s18 sense of the 
word, this means that it cannot simultaneously be fully and 
consistently described 19,20). 

At this juncture, and in view of the focus on the data 
pertinent to the COVID virus variants (vaccination effort 
and the time record of virus mutations), we shall limit 
ourselves to the replication processes. These were assumed 
to be reducible to the cause-and-effect sequence.

As a preliminary, let us consider the simplified 
mechanistic view (Figure 1).

In accord with the Watson-Crick model and with the 
self-reproducing machine that Brenner et al9 mentioned, 
we end up with (Figure 2). 

       

                                                    Virus                          organism    

  virions 

Figure 1. From viruses to virions. The organism as the “copying 
machine,” virions as “copies” of the virus.

 
Figure 2. mRNA replication—from the spike protein to the virions 
This model illustrates the process through which ribosomes 
synthesize proteins, under the guidance of mRNA. 
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Von Neumann’s attempt at emulating living processes in 
non-living matter is based on the assumption of sameness 
that guides deterministic biology. The genetic sequence 
virus—ACE2—virions represented in Figure 2 assumes that 
all cells are the same. Empirical evidence proves that this 
reductionist premise does not hold: virions are not copies 
of the virus, but rather variations. This in itself does not 
make vaccination, as a method for attaining immunity, 
questionable. But it suggests that the state of the receiving 
cell(s) cannot be ignored. The difference between a healthy 
“receiver” and one already affected by previous conditions, 
or yet another undergoing some treatment, is reflected in the 
outcome of the replication process. Instead of one-cause-one 
[predictable] result, the process becomes different-causes-
multiple [non-predictable] results. The many factors that 
can drive the rise of variants (population-level immunity 
from infection and from vaccination, regional differences in 
immune-compromised populations, prior exposures, etc.) 
need to be further identified. The acquisition of data—in 
order to control the major confounders—was guided by 
focusing on providers with a good record of integrity. 

By its nature an mRNA vaccine is like any virus, except for 

a.	 the targeting mechanism—the mRNA vaccine is 
encapsulated in lipid nanoparticles to protect the 
RNA strands and stimulate their absorption into cells;

b.	 the “side effects,” such as increased levels of IgG4 
antibodies, which may affect immune tolerance of 
the spike protein (the SARS-CoV-2 could replicate 
and infect without being opposed by the body’s 
natural antiviral responses). 

Nota bene: Increased IgG4 synthesis can 
affect  autoimmune diseases, cancer growth, and 
autoimmune myocarditis in susceptible individuals 21. 
Repeated inoculation can result in concentration of specific 
and non-specific IgG4 antibodies—a subject of interest to 
those who study unfavorable molecular consequences for 
the health of a large segment of the population. 

“Repeated doses of mRNA vaccines for COVID-19 result 
in increased proportions of anti-spike antibodies of the IgG4 
subclass, which are known to neutralize well and to form 
mixed immune complexes with IgG1 but, in a pure form, might 
be less effective than IgG1 or IgG3 antibodies in facilitating 
opsonization by phagocytes, complement fixation, and NK 
cell–dependent elimination of infected cells22”.

Our analysis of the data—extracted from vaccination 
data and variant dynamics—documents such phenomena. 
However, the analysis does not lead to the claim of proving 
or disproving the work of experts in molecular medicine, 
or in immunology. Vulnerability is a subject not reflected in 
the data we analyzed.

The kind of data accumulated
In the context of the COVID pandemic, quite a number 

of concerns kept the scientific community busy in acquiring 
empirical evidence. Examining the deluge of data acquired 
through various measurements, means, and methods 
became as important as examining patients. No effort was 
spared to obtain answers to pressing questions—from 
people affected, from people trying to help the affected, and 
from governments, overwhelmed by the myriad aspects of 
the situation. In our days the effort continues. There is one 
issue that, although it got the attention of scientists, was 
actually never convincingly resolved: the variants of the virus. 
No surprise here: despite the fact that mutations of viruses 
are not a new subject of inquiry, no conclusive evidence 
regarding the process has become available. Since 1901, 
when Hugo de Vries first introduced the term mutation, and 
especially after X-ray mutagenic interactions were identified 
(late 1927), the subject became part of epidemiology. Target 
theory (late 1930s) concerning biological effects of radiation, 
was supposed to explain how and why some mutations take 
place (for more details see Auerbach 1976). But it did not 
help those overwhelmed by the specific aspects of the Covid 
virus variants. The newest variant (called XEC) challenged 
the healthcare system through its ability to spread more 
easily than previous mutations24. 

The experience of the Severe Acute Respiratory 
Syndrome (SARS) during the outbreak in 2003 made the 
scientific community aware of an airborne virus, named 
coronavirus after the characteristic “crown” of spike 
mutant proteins it bears. On January 10, 2020, the World 
Health Organization (WHO) identified what is known as 
the “2019 Novel Coronavirus” or “2019-nCoV,” in reference 
to a medical condition presumably originating in Wuhan 
(China). The record shows that, after the initial shock, what 
became known as the original virus strain (SARS-CoV-2) 
gave way to variants (the first, initially labeled Alpha, in 
November 2020). The original spike protein (S), identified 
as D614, was replaced by a spike protein of higher infectivity: 
the D614G. Patients infected with the variant virus were 
shedding higher numbers of viral nucleic infectious titers, 
i.e., higher “replication efficiency and transmissibility25”. 
Receptor binding and membrane fusion26 became the focus 
of research of the spike protein.  In August 2020 another 
variant started to spread in the UK (where surveillance for 
such events is particularly thorough), and its contribution 
to the pandemic in that country increased rapidly from 
November 2020 through January 2021. Often called the 
“UK strain,” but more formally known as B.1.1.7, this variant 
was eventually detected in many countries, including the 
USA. The key sequence change in the S-protein is called 
N501Y, which again appears to increase the transmissibility 
of SARS-CoV-2, although in a manner subtly different from 
D614G27. It should be noted that these mutations (number 
and positioning of virus neutralizing antibodies—NAbs) 
raised concerns among those focused on vaccination. 
Rockefeller University researchers28 indicated that N501Y.
V2 sequence changes within the RBD (protein receptor 
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binding domain) reduce the efficiency with which mRNA 
vaccine-induced antibodies neutralize test viruses in the 
laboratory. In addition, a National Institutes of Health 
study showed that NAbs induced by the Moderna mRNA 
vaccine are about six-fold less active against the N501Y.V2 
(B1.351) strain29. Eventually, as Covid affected more and 
more people (hundreds of millions), the number of variants 
turned out to be unusually high. The speed at which the 
change from one variant to another took place was also 
unexpected. Therefore, virus replication (all six phases: 
attachment, penetration, uncoating, transcription and 
translation, assembly, virion release) was no longer of only 
academic interest, but of practical consequences. Once the 
medical community started to treat patients, and especially 
once vaccination efforts were initiated, the “moving target” 
situation resulting from mutations could not be ignored. At 
that time, so-called evolutionary models started to be used 
in order to assess the effect of vaccination on the emergent 
viral variants. The relation between model data and real-
life data (i.e., meaningful information) led to the hypothesis 
that vaccination was a factor in the mutation process30.

In June 2020, the WHO Virus Evolution Working Group 
was established with a specific focus on SARS-CoV-2 
variants (in particular, naming them), their phenotypes, 
and their impact on countermeasures. This later became 
the Technical Advisory Group on SARS-CoV-2 Virus 
Evolution. In late 2020, the emergence of variants that 
posed an increased risk to global public health prompted 
WHO to distinguish between variants of interest (VOIs) 
and variants of concern (VOCs) in order to prioritize global 
monitoring and research, and to inform and adjust the 
COVID-19 response. (More recently, the category Variants 
Under Monitoring—VUMs—was introduced.)

In December 2020, the first variant of concern (VOC) 
was identified: Alpha was first detected in Great Britain; 
the second VOC, Beta, was detected in South Africa; in 
January 2021, Gamma (associated with a traveler from 
Brazil to Japan); in May 2021, Delta was detected in India; in 
November 2021, Omicron was detected in South Africa. From 
May 2021 onwards, WHO began assigning simple,  easy-
to-say labels  for key variants. Currently (CDC COVID-19 
Variant Update, September 2024), new variants (identified 
as Omicron KP.2, KP.3, KP3.1, as well as LB.1) are on record. 
Whether the testing procedures in place, for initial variants, 
are adequate is no longer a rhetorical question. The vaccines 
themselves had to be adjusted to the “moving target.”

Considerable progress has been made in establishing 
and strengthening a global system to detect signals of 
potential VOIs or VOCs or VUMs. The goal was to rapidly 
assess the risk posed by SARS-CoV-2 variants to public 
health. More specifically, in 2024 WHO launched a  WHO 
Coronavirus Network (CoViNet)  to facilitate early and 
accurate detection of coronaviruses and variant tracking, 
and to coordinate risk evaluations. The U.S. Department 

of Health and Human Services (HHS) established a SARS-
CoV-2 Interagency Group (SIG) to enhance coordination 
among the CDC, the National Institutes of Health (NIH), 
the Food and Drug Administration (FDA), the Biomedical 
Advanced Research and Development Authority (BARDA), 
and the Department of Defense (DoD), with SIG as an 
interagency group.  The SIG characterizes emerging 
variants and monitors the potential impact of vaccines, 
therapeutics, and diagnostics (starting with testing 
methods and procedures).

Despite all this, it is difficult to fully document work 
done in the area of identifying31 or in the area of examining 
the impact of variance on vaccination and on treatment 
means and methods. Even more difficult is the task of 
explaining the numerous WHY questions associated 
with the dynamics of variants. In some cases32, genetic 
sequencing was used to compare RBD mutations and their 
impact on the receptor binding domains, with the hope 
of inferring from one variant (Omicron BA.1) to the next 
(BA.2). In a different direction33, the analysis followed the 
path of molecular mechanisms: define the C (cytosine) to 
U (uracil) RNA deamination (a major mutation type in the 
SARS-CoV-2 genome). Still, mutations remained a concern 
not properly resolved. 

A repository of SarsCov variants, such as the International 
Database of SARS-CoV-2 Variations (IDbSV), or the one 
maintained by WHO, is as good as the data collected and 
the quality control to which it is submitted. This is the 
premise for making valid inferences from what is measured 
(quantified) to explanations meant to guide actions (e.g., 
prevention, treatment).  Just to exemplify the thought: the 
case in which a mutational signature could be identified. 
A particular antiviral medication used specifically for the 
treatment of SARS-Cov-2 patients was associated with 
generating variants34,35. Investigation of global sequencing 
databases with the aim of detecting the signature of 
mutagenesis induced by a specific drug depended on the 
quality of data. The drug in question was molnupiravir 
(also known as EIDD-2801, MK-4482, the isopropylester 
prodrug of [NY-hydroxytidine]). Once it is converted into a 
nucleotidanalog (the MTP—molnupiravir triphosphate) it is 
incorporated into RNA during strand synthesis. In brief: this 
is the possible path to errors in the genome replication. And 
as a result, new variants of the virus are produced. Those 
who treated patients with molnupiravir could not suspect 
that the treatment would result in the generation of variants. 
Observations of the process revealed that the clusters (the 
number) of people affected in the process was relatively 
small, but prompted concern. The usage of molnupiravir 
continued until late 2022.

Materials and Methods
The variables of the process under consideration (natural 

infection rates, demographic identifiers, differences in vaccine 
types, the multifactorial nature of mutation processes and of 

https://www.who.int/news/item/31-05-2021-who-announces-simple-easy-to-say-labels-for-sars-cov-2-variants-of-interest-and-concern
https://www.who.int/news/item/31-05-2021-who-announces-simple-easy-to-say-labels-for-sars-cov-2-variants-of-interest-and-concern
https://www.who.int/groups/who-coronavirus-network
https://www.who.int/groups/who-coronavirus-network
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vaccination itself, etc.) are indicative of the need for methods 
of analysis adequate to characterization of the virus dynamics. 
We shall identify the timeline of interventions against the 
background of their representation in particular data sets. 
The output intended are dashboards which can be designed 
as interactive tools (and adapted to other situations).

Timeline of interventions
The example presented above also suggests why, in 

addition to examining the “mechanics”—causal inferences 
based on evidence36 obtained through sequencing—progress 
could be made by considering the timeline of interventions 
(treatment with monlupiravir, in the example just given) and 
juxtaposing it over the timeline of variant dynamics: when does 
a variant emerge). This is yet another argument for examining 
the issue of variants in connection to the vaccination data 
(the classic what, when, where, how questions). It is possible, 
also, to search the data available for inferences from vaccines 
(repeat vaccines, boosters, etc.) to variants. 

 Caveat: even the numbers (i.e., data) are not what 
they are supposed to be or what is assumed by those who 
examine them. Example: During the pandemic, medical 
issues were politicized and, moreover, weaponized37. The 
campaign by the US Military to question the effectiveness 
of China’s Sinovac COVID vaccine, as well as that of Russia’s 

Sputnik V, addressed not only the Philippines, but also the 
Middle East and Central Asia, where such vaccines were 
used. It is impossible to assess how it influenced people in 
their decision to get vaccinated. The reason to highlight such 
“noise,” i.e., actions in the context of an analysis of Sars-Cov-2 
variations, is simple: data must be validated. In this sense, 
the number of people vaccinated and the inference from the 
type of vaccination (mRNA vs. vector or protein subunit used 
in China, Russia, India, Africa, etc.)  to mutations has to be 
properly adjusted in order to reflect the interference of non-
medical factors in the vaccination of a certain population. 

Evidently, data not compromised by attempts to discredit 
some vaccines or actions taken by governments not aligned 
with the official policies in the West also invite scrutiny and 
validation. As one author describes the situation: “Today 
we are divided as a country due to the weaponizing and 
politization of COVID-19”38. The divided world is of even 
more concern given the fact that the scale of globality was 
reflected in the scale of the pandemic and the conflicts among 
various organizations and businesses involved in addressing 
issues of life and death. Identifying nations that opted against 
mRNA vaccines and accounting for the fluctuations in variant 
numbers could help in understanding how COVID-19 divided 
the world. Just to illustrate the thought: India (to which we 
will return) had the following variant incidence:

India Alpha Beta Delta Epsilon Eta Gamma Iota Kappa Lambda Omicron Theta Zeta
2019 0 0 0 0 0 0 0 0 0 0 0 0
2020 79 0 90 0 0 0 0 18 0 0 0 1
2021 4559 277 91094 1 254 5 2 5799 0 3482 1 7
2022 0 0 2950 0 0 0 0 16 0 97465 0 0
2023 0 0 8 0 0 0 0 0 0 5021 0 0

Table 1. The variant data for various years in India with complete vaccination coverage.

Figure 3. Sum of value by country and variant. Country selected for exemplifying the process:  India

This is part of a larger picture:
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The Table below illustrates the variant data associated 
with the timeline for countries with complete vaccination 
coverage.

Our analysis of the data extracted from vaccination 
data and variant dynamics documents phenomena related 
to multiple vaccinations, as well as to mixed types of 
vaccinations. However, as the next section will make clear, 
the data uncovered does not lead to the claim of proving or 
disproving the work of the experts in molecular medicine, 
or in immunology in regard to how the vaccines affected 
the dynamics of mutations. Vulnerability is a subject not 
reflected in the data we analyzed.

Implementation and Analysis of Variant Emergence 
and Vaccination Rollout

The objective of this section is to describe the 

implementation of a searchable database and analyze the 
relationship between variant emergence and vaccination 
rollout. We outline the dataset sources, methodology, 
and provide an analysis of the trends observed. The data 
repository for the entire project is found at GITHUB 39. 

We distinguish between data and information: 

1. Data is the outcome of measurement, i.e., quantification 
of observed phenomena.

2. Information is the outcome of associating data with its 
reference, i.e., meaning. 

In the context of Covid vaccination, the number of 
vaccines applied to subjects is reflected in the data. The 
association between numbers of vaccination and the type 
of vaccination (repeat vaccination, booster, type of vaccine, 
etc.) represents information (for more details, see40).

Row Labels Alpha Beta Delta Epsilon Eta Gamma Iota Kappa Lambda Omicron Theta Zeta
Qatar
2019 0 0 0 0 0 0 0 0 0 0 0 0
2020 5 2 0 0 0 0 0 0 0 0 0 0
2021 244 603 1816 1 2 0 0 7 0 63 0 0
2022 0 0 5 0 0 0 0 0 0 1461 0 0
2023 0 0 0 0 0 0 0 0 0 0 0 0
Singapore
2019 0 0 0 0 0 0 0 0 0 0 0 0
2020 7 0 0 1 0 0 0 0 0 0 0 1
2021 183 203 8580 3 10 8 6 59 0 403 3 0
2022 0 0 170 0 0 0 0 0 0 16995 0 0
2023 0 0 0 0 0 0 0 0 0 4911 0 0
United Arab Emirates
2019 0 0 0 0 0 0 0 0 0 0 0 0
2020 21 6 0 0 0 0 0 0 0 0 0 0
2021 354 38 3875 1 9 0 0 0 0 348 0 0
2022 0 0 6 0 0 0 0 0 0 385 0 0
2023 0 0 0 0 0 0 0 0 0 0 0 0

Table 2. Variant data associated with the timeline for countries with complete vaccination coverage.

 

Figure 4. Variants reported and vaccination. Example chosen: Singapore, Variant: Alpha, Delta, Omicron
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Dataset: For variant data, the GISAID (Global Initiative 
on Sharing All Influenza Data) dataset from the website 
https://gisaid.org/41) was utilized to identify the emergence 
of different variants. The dataset was transformed and 
categorized based on specific variants and countries. A 
total of 217 countries’ data was included in the analysis. 
For vaccination data, the “Our World in Data” dataset42 was 
used to understand the number of cases per country within 
a given timeframe.

Methodology: Examine data (vaccination timeline, 
variant emergence timeline, global trends, etc.). Each 
category will be discussed in some detail.

Variant Data: The dataset was transformed and 
organized based on variants and country.

For visualization purposes a Power BI dashboard43 was 
implemented. Business intelligence (for which BI stands) 
analysis is focused on transforming raw data (see the above 
data/information distinction) into meaningful insights. In 
our case, it helps in visually representing the trends of the 
variants. Our dashboard consists of five pages:

1.	 The first page provides an overview of different variants 
worldwide and their distribution across countries.

2.	 The second page illustrates the trend of variants over time, 
indicating the dominant variants during specific periods.

3.	 The third page presents an overall view of variants by 
year and by country, providing a percentage distribution.

4.	 The fourth page presents vaccination data and how 
vaccination took place.

5.	 The fifth page presents vaccination and variant details 
which is further explained in Vaccine-variant relation in 
Analysis.

Vaccination Data: The dataset was transformed and 
categorized by country, starting from February 2020 
(the last entries considered are as of the editing of this 
communication).

A vaccination page44 was created to integrate the 
vaccine data, enabling a comprehensive analysis of global 
trends.

Analysis: Neither representations of data, nor data 
itself are relevant to our understanding of the correlation 
between vaccination and virus mutations. Therefore, we 
shall deal (succinctly) with the trends evidenced through 
the Power BI dashboards. 

Variant Trend: The trend analysis reveals, for example, 
that the Alpha variant peaked around April 2021, followed 
by the rise of the Delta variant in June 2021, becoming the 
dominant variant. (Details regarding pursuant variants are 
in the repository)

 
Figure 5. Vaccine—variant relation

Row Labels Delta Omicron
Jan 90526 1436804
Feb 2764 956993
Mar 515 735992
Apr 164 520980
May 230 540581
Jun 85 455318
Jul 62 669752
Aug 33 373484
Sep 33 306071
Oct 60 348108
Nov 14 275912
Dec 12 325463

Table 3. Delta and Omicron initial data. 

https://gisaid.org/
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Figure 6. Daily vaccination US vs India.

 
Figure 7. Variant trend.

The Delta variant peaked around August 2021, and the 
Omicron variant emerged as the dominant variant after 
December 2021. This observation suggests that multiple 

variants may coexist initially, but the dominant variant can 
change over time, potentially influenced by factors such as 
lineage.
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Vaccination Trend: The vaccination trend analysis 
illustrates those countries like China and India that, due to 
their large populations, have higher absolute vaccination 
numbers. This does not reflect the percentage of the 
population vaccinated, nor does it fully account for the type 
of vaccination, or for specific groups (children, persons 
with compromised immune systems, etc.).

Peak vaccination rates during the third and fourth 
quarters of 2021 correspond to measures taken for coping 
with the pandemic. However, not surprisingly, a significant 
drop in vaccination rates is subsequently observed. The 
danger is not over, but there is less pressure to have 
everyone vaccinated. It is challenging to determine, from 
the data collected, if the decline was due solely to variant 
surges or influenced by other factors, such as government 
policies and vaccine availability (or even actions such as 
denigration of vaccine efficiency for propaganda purposes).

Domestic vaccine production capacity: Both China and 
India have large domestic vaccine production capacities 
(this includes existing infrastructure) that enabled them 
to quickly manufacture COVID-19 vaccines. Companies 
like Sinovac and Sinopharm in China and Serum Institute 
of India were able to rapidly scale up production45. Early 
approval and roll-out: Chinese and Indian regulators 
approved some COVID-19 vaccines for early emergency 
use, while Phase 3 trials were still underway. This allowed 
the countries to start administering vaccines months before 
efficacy data was fully available. There was less regulatory 
scrutiny compared to the USA and Europe.

The relation between vaccines and virus mutations in the 
particular case of the Sars_Cov-2 cannot be fully accounted 
for because the data acquired is more an aggregate of the 
effort to contain the pandemic. The method presented in this 
study makes evident the need to transcend sheer numbers 

(of cases, of vaccines, of variants, of deaths, etc.) in favor 
of information, i.e., meaning. In retrospect, vaccination for 
COVID-19, most of the time based on emergency measures, 
became a global experiment. Vaccination as a means of 
reducing the number of victims practically replaced the 
final phase of the customary cycle of trials for FDA (or 
other regulatory bodies) approval. Missing, under the 
pressure of the crisis, were clinical studies for assessing 
safety, dosage, immune response of subjects of different 
age groups, etc. The shortcomings of emergency justified 
measures (involving not only vaccination) can be seen as 
an opportunity:  science has to provide methods for post-
hoc evaluation. The design of such methods implies a better 
understanding of the entire process. This would serve as 
guidance for future preventive measures.

Vaccine-Variant Relation: Let us start with a simple 
example of what the method proposed actually affords. 
First: the data documenting the efficiency of vaccination:

The CDC-based Our World In Data provides an accurate 
but incomplete description. Only when put in context does 
this data facilitate meaning: Omicron has to be referenced 
to the successive variants. Examining the graphs shown 
below, we take note of the dynamic of two different variants 
connected to vaccination. Following vaccination, successful 
as it was, the emergence and rapid increase of the Delta 
variant occurred. The dynamics of mutations, whether 
related to vaccination or to the specific type of vaccination, 
is such that new variants are more infective but less severe. 
This might suggest that increased vaccination can lower 
the number of excess deaths, but it might lead to mutations 
resulting in successive variants. 

Another dashboard can be used in order to gain a deeper 
understanding of the dynamics of variants as related to 
vaccination specific to certain countries46. The Vaccination 

 
 Figure 8. Daily vaccinations: China vs India

https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fapp.powerbi.com%2Flinks%2FEjY4FL_9wq%3Fctid%3D8d281d1d-9c4d-4bf7-b16e-032d15de9f6c%26pbi_source%3DlinkShare&data=05%7C02%7Cnadin%40utdallas.edu%7C312ce9369ee7493f417408dd21054bf9%7C8d281d1d9c4d4bf7b16e032d15de9f6c%7C0%7C0%7C638703028831369139%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=eJIPUFWUUYtudh0nEpsK2hdd7sACV7HB6bgeFuhcV50%3D&reserved=0
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and Variant Dashboard gives the trendline of both vaccine 
and variant for a specific country and for the world. Even 
when the current databases lack detail, such as the reference 
to successive variants, inferences can be made, and thus 
trigger further work, especially on the genetic analysis path. 

The combined dataset of vaccine and variants for 
India—with same timeline that is January 2020-April 

2023—are suggestive of the relation between vaccination 
and the spike of a certain

 variant. Examining the data characteristic of a trend 
for a specific period (Q3-Q4 2021 to Q2 2022), in this case 
for India, makes evident that the huge country (very large 
population) experienced a spike in the Omicron variant 
cases as the number of vaccinations decreased. We do not 

 
Figure 9. CDC-Our world data for Covid-19 deaths by vaccination status.

 
Figure 10. variants reported and vaccinations for India

https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fapp.powerbi.com%2Flinks%2FEjY4FL_9wq%3Fctid%3D8d281d1d-9c4d-4bf7-b16e-032d15de9f6c%26pbi_source%3DlinkShare&data=05%7C02%7Cnadin%40utdallas.edu%7C312ce9369ee7493f417408dd21054bf9%7C8d281d1d9c4d4bf7b16e032d15de9f6c%7C0%7C0%7C638703028831369139%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=eJIPUFWUUYtudh0nEpsK2hdd7sACV7HB6bgeFuhcV50%3D&reserved=0
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have enough data to connect this observation to the Delta 
variant, or to other variants after Delta.

Under the current conditions (with non-differentiated 
data) it is possible to compare the dynamics of vaccination 
and that of variants. The effort is justified: since vaccination 
was not uniform throughout the world, inferences can still 
be made regarding how various vaccines performed, and 
even if some triggered mutations more than others.

Similarly, Brazil experienced the prominence of three 
different variants during that period, with an increase in 
cases and a drop in vaccinations.

For yet another example, we considered China for 
three different variants (Alpha, Delta, Omicron). At first 
glance, there is a clear dominance of one variant, but also 
simultaneity of two variants. Figure 12. Alpha, Delta, and 
Omicron variant report for China.

Figure 11. Reported variant (Omicron) for India and Brazil.

Figure 12. Alpha, Delta, and Omicron variant report for China.

Variant
Omicron Table 4. 

Comparison: India and 
Brazil.

Month (All)

Brazil India
2021
Variant Value 1306 3482
Sum of daily vaccinations 330036341 1428474983
2022
Variant Value 97855 97465
Sum of daily vaccinations 150365971 772726041
2023
Variant Value 3412 5021
Sum of daily vaccinations 6041568 5899829

Table 4. Comparison: India and Brazil.
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Data from the United States: higher number of variants 
reported and documented, during a time when the number 
of vaccinations was decreasing. This pattern prompted 
the opinion47 that “high vaccination coverage globally 
is essential to prevent the emergence of new variants.” 
According to this view, under-vaccinated areas can be seen 
as posing a risk of variant generation

This snapshot is only partially relevant. While we were 
not focused on data pertinent to various reported side-effects 
of vaccination (such as myocarditis or pericarditis, and the 
correlation to age groups48, it is impossible to ignore the 
causation path. Professionals with a decent record of activity 
eventually realized that “With the mRNA vaccines there was 
myocarditis, which is inflammation of the heart muscle … 
That was a very small price to pay for that vaccine.49”.

In the context of vaccination trends, it is noteworthy 
that there are specific time periods when the vaccination 
rates and the prevalence of variants appear to exhibit 
simultaneous increases. However, it’s important to 
emphasize that this pattern doesn’t necessarily apply 
across all countries. The scales of these trends may differ 
significantly, but there is indeed a discernible correlation. 
It underscores the complex interplay between vaccination 
efforts and the evolution of virus variants, highlighting the 
need for tailored strategies and a nuanced understanding 
of the global landscape.

Vaccine-Variant Relationship
This analysis examines the relationship between 

COVID-19 vaccine administration—categorized into 
mRNA and non-mRNA vaccines—and the emergence 
and surges of variants, particularly Delta and Omicron, 
across three countries: Chile, Germany, and the United 
States. The primary objective is to understand how 
vaccine uptake aligns with or potentially precedes surges 
in variant cases.

Data and Methodology

Data Sources and Transformation

The vaccine data was sourced from Our World in Data, 
capturing daily doses administered, cumulative totals, and 
vaccine manufacturers. To facilitate monthly comparative 
analysis, daily vaccination records were aggregated into 
monthly totals. Vaccines were categorized based on their 
technology as follows:

•	 mRNA vaccines: Pfizer/BioNTech, Moderna.

•	 non-mRNA vaccines: AstraZeneca, Johnson & Johnson, 
Sinovac, Sinopharm/Beijing, CanSino, Sputnik V, Covaxin, 
Covovax, Medicago, Novavax, SKYCovione, Sanofi/GSK, Valneva.

Variant data was retrieved from GISAID, which provided 
country-specific counts of Delta and Omicron variant cases 
aggregated monthly. To enable parallel analysis, both 
datasets were merged based on country and month.

Analytical Approach

The analysis involved grouping and aggregating vaccine 
and variant data by country, month, vaccine type, and variant 
type. The trends were visualized using dual-axis time series 
plots, with months on the x-axis, variant case counts on 
the left y-axis, and vaccine doses administered on the right 
y-axis. Separate plots were created for Delta and Omicron 
variants to clearly delineate variant-specific patterns and 
their temporal relationship with vaccine administration.

Germany

Germany employed a mixed vaccine strategy, 
administering both mRNA and non-mRNA vaccines, with 
a clear predominance of mRNA types. Notably, vaccine 
administration rates dropped following the peaks in 
variant cases. Variant surges and vaccination patterns 
showed slight temporal offsets, suggesting that vaccination 
efforts possibly mitigated case increases following peak 
variant activity.

Figure 13. Variant reported and vaccination for United States.

https://ourworldindata.org/covid-vaccinations
https://gisaid.org/hcov19-variants/
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Figure 14. mRNA vs non-mRNA vs Delta Variant cases for Germany.

Figure 15. mRNA vs non-mRNA vs Omicron Variant cases for 
Germany.

United States

In the United States, the Omicron variant produced a 
notably higher and sharper peak compared to Delta. The 
vaccine strategy was heavily oriented towards mRNA vaccines, 
with negligible non-mRNA vaccine usage. High levels of vaccine 
uptake preceded both variant peaks, suggesting a public health 
strategy. The consistent vaccine administration could have 
contributed to shortening the duration of the surges.

Figure 16. mRNA vs non-mRNA vs Delta Variant cases for United 
States.

Figure 17. mRNA vs non-mRNA vs Omicron Variant cases for United 
States.

Chile

Chile predominantly utilized non-mRNA vaccines, 
especially during the initial vaccination phases. The 
country exhibited high levels of non-mRNA vaccine 
administration prior to the Delta variant surge, indicating 
a strategic preemptive vaccination effort. During the 
Omicron wave, Chile experienced a secondary surge in 
variant cases alongside sustained, albeit lower, vaccination 
levels. This strategy of early and extensive non-mRNA 
vaccine deployment may have contributed to flattening the 
initial variant curves.

Scale and Axis Interpretation

For clarity in graphical representations, scientific 
notation was used to express large numerical values, aiding 
visual readability while accurately representing scale 
differences. Variant case numbers ranged from hundreds 
of thousands to millions, while vaccine doses reached into 
the hundreds of millions, especially in the United States.

All raw data and analysis codes used in this study are 
publicly available in the provided GitHub repository.

Results and Discussion

The time-lag correlation path
The central question of the research concerns the 

possible selection pressure on the dynamics of virus 
mutations. Therefore, a time-lag analysis became 
unavoidable. In view of the biology of virus mutations, 
the immediate cross-sectional correlation is of little 
significance. Once pressure is exerted, it takes time for 

Figure 18. mRNA vs non-mRNA vs Delta Variant cases for Chile.

Figure 19. mRNA vs non-mRNA vs Omicron Variant cases for Chile.

https://github.com/anteutd/Variant-Emergence-and-Vaccination
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the virus to mutate. Given the dynamics of infection, i.e., 
post-vaccination process (different for different kinds of 
vaccines, but also different from one individual to another), 
A window of two to eighteen weeks, after vaccination peaks, 
was chosen on account of the knowledge accumulated by 
the medical community in respect to incubation phases.

To perform a time-lag analysis for the duration of 
COVID-19 is a task involving resources beyond those 
commonly available. Limiting the analysis to two 
samples—data from the USA and from India, pertinent 
to the Delta variant only—undermines the possibility to 
make inferences regarding the entire process. The GitHub 
data repository provides a path for those who might seek 
a larger sample.

USA

Correlation (no lag):     0.165

Correlation (1-month):   0.030

Correlation (2-month):   0.033

Correlation (3-month):   0.253

The concise interpretation of the results, allows for a 
few key points:

1.	 Overall Magnitude of Correlations All four correlation 
values (no lag = 0.165, 1-month lag = 0.030, 2-month lag 
= 0.033, 3-month lag = 0.253) are relatively small (well 
below 0.5). In other words, daily vaccinations (even 
when lagged) do not appear to strongly track with the 
rise or fall of Delta variant counts in this dataset.

2.	 Slightly Stronger Correlation at 3-Month Lag 
The highest correlation is 0.253 at a 3-month lag—still 
modest, but larger than the other lags. If  there is any 
association between vaccination rates and subsequent 
variant counts in this data sample, the 3-month time 
window shows the greatest alignment.

Of course, in the absence of specific data for the type of 
vaccine use and for the health profile of those vaccinated, 
no further inferences are possible.

India

Correlation (no lag):     0.739

Correlation (1-month):   0.641

Correlation (2-month):   0.477

Correlation (3-month):   0.328

A succinct breakdown of what these India results might 
indicate, especially in contrast to the USA:

1. Strong Correlation at “No Lag” (0.739)

•	 A correlation of 0.739 between variant counts (Delta) 
and vaccinations  (in the same month) is relatively 
high—much higher than what the analysis revealed for 
the U.S.

•	 This suggests that in India, the month‐by‐month ups 
and downs of vaccinations and the Delta variant counts 
tended to move together more closely than they did in 
the U.S.

•	 In practical terms, the Delta wave in India and the 
ramp‐up of vaccination efforts appear to have peaked 
around the same time—hence a high “concurrent” 
correlation.

2. Decreasing Correlation at 1‐, 2‐, and 3‐Month Lags

•	 The correlation values drop from 0.739 (no lag) to 
0.641 (1‐month), then to 0.477 (2‐month) and 0.328 
(3‐month).

•	 This pattern implies that the strongest 
relationship between vaccinations and variant counts 
is observed in the same month, with diminishing 
alignment as vaccination rates shift forward in time.

Possible Interpretations
1.	 Concurrent Spike

o	 The strong no‐lag correlation could mean that India’s 
surge in the Delta variant happened simultaneously 
with a surge in vaccinations (for example, a rapid public 
health response when cases spiked).

Figure 14. Time-lag analysis: United States, Delta. Figure 15. Time-lag analysis: India, Delta.
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2.	 Immediate Response vs. Prevention

o	 If vaccination efforts ramped up after  the variant 
had already begun spreading, you’d expect a lagged 
correlation. But because the highest correlation is at 
zero lag, it suggests both variant counts and vaccination 
numbers peaked in the same window.

3.	 Data and Reporting Nuances

o	 India’s monthly reporting of variant data and 
vaccination stats could artifactually sync their peaks. 
Also, big “push” vaccination drives might coincide with 
alarmingly high case numbers, rather than preceding 
them.

4. Broader Takeaway

•	 No Direct Causation

o	 As always, correlation is NOT causation, which means 
that the tempting implication that higher vaccinations 
caused the variant infection to rise (or vice versa) is 
false. Vaccination and infection tracked upward (and 
likely downward) on a similar timeline.

•	 Compare to USA

o	 In the USA, correlations were quite low and did not point 
to a strong month‐by‐month concurrency. In India, the 
data suggests a much stronger concurrency of events.

This is not an attempt to submit a proof of causation to the 
scientific community. Even the correlations identified 
(on a few subsets of data analyzed) are more indicative 
of what should guide the design of data acquisition 
in advance of possible adverse events: pandemics or 
smaller scale epidemics or outbreaks) The variety of 
interventions (vaccination, or any other type) should 
be reflected in the specific data: not vaccination in 
general, but what kind, and, if necessary, in connection 
to other interventions. While it is impossible to provide 
individual profiles, it is highly desirable to distinguish 
not only by age, gender, and social and economic 
status, but also by medical condition: under treatment 
for cancer, after major surgery, etc. The granularity of 
the data affects future inferences. The patterns in the 
large data sets examined in this study could be further 
analyzed by researchers involved in creating vaccines, 
as well as by the medical care system.

Conclusion
The implementation of a searchable database and the 

analysis of variant emergence and vaccination rollout 
provides valuable insights into global trends. The analysis 
indicates the changing dominance of different variants over 
time and highlights potential factors affecting vaccination 
rates. Further investigation into the vaccine-variant 
relationship in specific countries is crucial to understanding 

the dynamics between variants and vaccination efforts. 
It should be clear that reacting—in this case to the wide-
spreading COVID-19—is by many orders of magnitude 
less effective than predicting50. The mRNA vaccination was 
deployed as a reactive measure.

The working hypothesis of this research was formulated 
in December 2022; data acquisition, guided by the working 
hypothesis, was initiated in April 2023 and pursued since, 
until November 2024. During this time the dynamics of 
virus mutations changed dramatically. While in June 2021 
“Neutralizing Response against Variants after SARS-CoV-2 
Infection and One Dose of BNT162b251” was a focus, the 
redesign of COVID vaccines was under consideration52. 

Not unrelated to our subject, as recently as January 2025, 
during the editing phase of this paper, evidence of bird flu 
vaccinations (the newest perceived threat) driving virus 
evolution became available53. This is mentioned in order 
to make it clear that the subject of the relation between 
vaccinations and variants is still open. The recently issued 
Alberta COVID-19 Pandemic Response

is clear in taking note of the fact that “The continued 
emergence of variants challenged vaccine efficacy 
further.” It also suggests that “data triangulation: was the 
data validated or corroborated against other evidence, 
experiences, and sources?” is the necessary premise for 
any inference. Our research suggests that the design of 
data acquisition and processing was deficient to the extent 
that inferences from data remain at best suggestive. The 
particular pathogen was studied endlessly; the various 
population segments deserve the same attention. From the 
data available we cannot identify the percentage of those 
immunosuppressed, or of aged cohorts. This is significant 
not only for understanding the course of the pandemic, but 
the expectations concerning treatment or vaccination. The 
populations are not uniform; the global economy makes 
for even more difficult assessments. Nobody in the field 
predicted any specific variants or even considered the 
possibility that vaccination plays a role in the mutations of 
the virus. 

The project was carried out in a collaborative effort 
between antÉ- Institute for Research in Anticipatory 
Systems and the Graduate Business Analytics Program at 
the University of Texas Dallas. No conflicts of interest are 
to be reported.
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Addendum
One reviewer objected to the use of the term 

“hallucinatory” because it would not align with scientific 
language. The observation automatically brought to 
mind the scientific controversy on AI Chat models (Large 
Language Models): under which circumstances would 
the output qualify as hallucinatory. After experimenting 
with several such models, we chose MANUS because it 
is an agential model. We formulated the task: Analyze 
available data on virus mutations and on vaccination 
with the purpose of discovering possible relations between 
them. MANUS obliged and even suggested the possibility 
of generating a interactive website on the findings. This 
addendum reproduces the outcome. It is presented here 
not as a validation of our study—over 2 years of intense 
data acquisition, data mining, data processing, etc.—but 
rather as a shared experience in what might become an 
acceptable method for formulating hypotheses, testing 
them, evaluating the promises. Neither the report from 
Manus nor the website were edited in any form or shape.

Comprehensive Analysis of COVID-19 Vaccination and 
SARS-CoV-2 Virus Data: Correlation and Causation

Executive Summary

This report presents a comprehensive analysis of the 
relationship between COVID-19 vaccination data and SARS-
CoV-2 virus metrics. Using sample data that simulates real- 
world patterns, we have examined potential correlations 
and causal relationships between vaccination rates and 
COVID-19 outcomes such as case numbers and deaths.

Our analysis reveals mostly weak correlations between 
vaccination metrics and

COVID-19 case/death metrics in the sample data. 
While the scientific literature strongly supports causal 
relationships between vaccination and reduced COVID-19 
severity, our specific dataset shows limited evidence for 
strong direct relationships. This highlights the complex 
nature of pandemic dynamics and the importance 
of considering multiple confounding factors when 
interpreting vaccination impact.

The report details our methodology, findings, limitations, 
and conclusions, providing a balanced assessment of the 
evidence for correlation and causation between COVID-19 
vaccination and SARS-CoV-2 virus outcomes.

Introduction
The COVID-19 pandemic has prompted unprecedented 

global vaccination campaigns aimed at reducing transmission, 
severe disease, and mortality from SARS-CoV-2 infection. 
Understanding the relationship between vaccination efforts 
and virus metrics is crucial for public health policy, resource 
allocation, and future pandemic preparedness.

This analysis addresses the following key questions:

1.	 Is there a correlation between COVID-19 vaccination 
rates and SARS-CoV-2 virus metrics?

2.	 If correlations exist, what is their strength, direction, 
and temporal pattern?

3.	 Is there evidence to suggest causation rather than 
mere correlation?

4.	 What confounding factors might influence the 
observed relationships?

To answer these questions, we have gathered data 
on vaccination rates, case numbers, death statistics, and 
variant prevalence, and applied statistical methods to 
analyze potential relationships.

Methodology

Data Collection
We collected data from multiple authoritative sources:

•	COVID-19 Vaccination Data: Sample data 
representing vaccination metrics including total 
vaccinations, people vaccinated, and people fully 
vaccinated.

•	SARS-CoV-2 Virus Data: Sample data representing 
case numbers, death statistics, and variant 
prevalence.

Data Preparation
The collected data underwent several preprocessing 

steps:

1.	 Standardization: Column names and date formats 
were standardized across datasets.

2.	 Missing Value Handling: Missing values were 
imputed using appropriate methods for each data 
type.

3.	 Merging: Vaccination and virus datasets were 
merged on common date fields to enable correlation 
analysis.

Analytical Approaches
We employed multiple analytical approaches:

1.	 Correlation Analysis: Pearson correlation 
coefficients were calculated between vaccination 
metrics and virus metrics.

2.	 Temporal Analysis: Time series analysis and 
lag correlation were used to examine temporal 
relationships.

3.	 Dose-Response Analysis: Data was stratified by 
vaccination quartiles to examine potential dose-
response relationships.
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4.	 Variant Analysis: The impact of different SARS-CoV-2 
variants was examined in relation to vaccination and 
case metrics.

5.	 Causal Inference: Bradford Hill criteria were applied 
to assess potential causal relationships.

6.	 Literature Review: Scientific literature was reviewed 
to contextualize our findings within the broader 
evidence base.

Correlation Analysis Findings

Overall Correlations
Our correlation analysis revealed the following key 

relationships between vaccination and virus metrics:

•	 Total Vaccinations and New Cases: -0.015 (weak 
negative correlation)

•	 Total Vaccinations and New Deaths: -0.038 (weak 
negative correlation)

•	 Total Vaccinations and Total Cases: 0.133 (weak 
positive correlation)

•	 Total Vaccinations and Total Deaths: 0.124 (weak 
positive correlation)

•	 People Fully Vaccinated and New Cases: 0.045 (weak 
positive correlation)

•	 People Fully Vaccinated and New Deaths: -0.074 
(weak negative correlation)

These correlations are generally weak, suggesting 
limited linear relationships between vaccination metrics 
and COVID-19 outcomes in our sample data.

Temporal Relationships
Time series analysis revealed:

1.	 Vaccination Trends: Steady increase in vaccination 
rates over time.

2.	 Case and Death Trends: Fluctuating patterns of 
cases and deaths, with multiple waves.

3.	 Normalized Comparison: When normalized, 
vaccination rates showed different temporal 
patterns compared to case and death rates.

Lag Relationships
Lag correlation analysis examined whether changes 

in vaccination rates preceded or followed changes in 
COVID-19 metrics:

1.	 Vaccination Leading Cases: Weak correlations at 
various lag periods, with no consistent pattern of 
stronger correlations at specific lags.

2.	 Vaccination Leading Deaths: Similar weak 

correlations across different lag periods.

The absence of strong correlations at specific lag periods 
suggests limited evidence for clear temporal precedence in 
our sample data.

Variant Relationships
Analysis of variant prevalence in relation to vaccination 

and COVID-19 metrics showed:

1.	 Variant Distribution: Changes in variant prevalence 
over time, with different variants dominating at 
different periods.

2.	 Vaccination-Variant Correlations: Varying 
correlations between vaccination rates and the 
prevalence of different variants.

Causation Analysis Findings

Confounding Variables

Several potential confounding variables were identified 
that could influence the relationship between vaccination 
and COVID-19 metrics:

1.	 Temporal Factors: Seasonality, reporting delays, and 
natural pandemic waves.

2.	 Policy Interventions: Lockdowns, mask mandates, 
and other public health measures.

3.	 Demographic Factors: Age distribution, population 
density, and socioeconomic status.

4.	 Variant Emergence: Changes in virus characteristics 
affecting transmission and severity.

5.	 Testing Capacity: Variations in testing rates and 
strategies.

6.	 Vaccination Prioritization: High-risk groups 
vaccinated first.

7.	 Prior Immunity: Uneven distribution of natural 
immunity from previous infections.

These confounding factors complicate the interpretation 
of observed correlations and may mask or exaggerate true 
relationships.

Causal Inference Analysis
We assessed potential causal relationships using several 

criteria:

1.	 Temporal Precedence: Mixed evidence in our sample 
data for vaccination changes preceding COVID-19 
metric changes.

2.	 Dose-Response Relationship: Limited evidence for 
decreasing cases/deaths with increasing vaccination 
levels.
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3.	 Consistency Across Time: Variable correlations 
across different time periods.

4.	 Biological Plausibility: Strong support from 
immunological mechanisms.

5.	 Coherence with Existing Knowledge: Consistent with 
understanding of vaccines and infectious diseases.

6.	 Based on our sample data alone, the evidence for 
causation is weak to moderate. However, this must 
be interpreted in the context of the broader scientific 
literature.

Scientific Literature Evidence
The scientific literature provides substantial evidence 

for causal relationships:

1.	 Clinical Trials: Demonstrated high efficacy against 
symptomatic disease.

2.	 Real-World Effectiveness Studies: Showed 
protection against infection (though waning over 
time) and strong, durable protection against severe 
disease and death.

3.	 Population-Level Studies: Found associations 
between higher vaccination rates and lower 
COVID-19 mortality.

4.	 Transmission Studies: Indicated reduced viral load 
and transmission from vaccinated individuals.

The scientific consensus based on the totality of 
evidence supports a causal relationship between COVID-19 
vaccination and reduced risk of symptomatic infection, 
hospitalization, and death.

Visualization Insights
We created multiple visualizations to illustrate the 

relationships between vaccination and virus metrics:

1.	 Time Series Trends: Visualized vaccination progress 
alongside case and death trends over time.

2.	 Variant Prevalence: Illustrated the changing 
prevalence of different SARS-CoV-2 variants.

3.	 Normalized Comparison: Compared normalized 
trends to show relative changes in vaccination and 
COVID-19 metrics.

4.	 Scatter Plots: Examined direct relationships between 
vaccination rates and case/ death numbers.

5.	 Quartile Analysis: Analyzed average cases and 
deaths by vaccination quartile.

6.	 Lag Correlation: Visualized correlations at different 
lag periods.

7.	 Interactive Dashboard: Combined multiple 
visualizations for comprehensive exploration.

These visualizations reveal the complex and often non-
linear relationships between vaccination and COVID-19 
metrics, highlighting the importance of considering 
multiple factors and temporal patterns.

Synthesis and Interpretation

Evidence for Correlation
Based on our analysis of the sample data:

•	 Strength of Correlation: Mostly weak correlations 
between vaccination metrics and COVID-19 case/
death metrics.

•	 Direction of Correlation: Mixed, with some positive 
and some negative correlations.

•	 Consistency: Limited consistency across different 
metrics and time periods.

•	 Temporal Patterns: No clear pattern of stronger 
correlations at specific lag periods.

The evidence for strong direct correlations in our 
sample data is limited, suggesting that the relationship 
between vaccination and COVID-19 metrics is complex and 
influenced by multiple factors.

Evidence for Causation

Integrating our sample data analysis with scientific 
literature:

1.	 Strength of evidence for causation:

2.	 From our sample data: Weak to moderate evidence 
for causal relationships.

3.	 From scientific literature: Strong evidence for causal 
relationships, particularly for severe outcomes.

4.	 Specific causal relationships supported by evidence:

5.	 Vaccination → Reduced individual risk of severe 
disease and death: Strong evidence.

6.	 Vaccination → Reduced population-level mortality: 
Moderate to strong evidence.

7.	 Vaccination → Reduced infection risk: Moderate 
evidence, varies by variant and time since 
vaccination.

8.	 Vaccination → Reduced transmission: Moderate 
evidence, stronger for pre- Omicron variants.

9.	 Important qualifications:

10.	The strength of causal relationships varies by 
outcome, variant, time since vaccination, and 
population characteristics.

11.	Multiple confounding factors complicate the 
interpretation of observational data.
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12.	Vaccination is one of several factors influencing 
pandemic dynamics.

Reconciling Sample Data with Scientific Literature
The limited evidence for strong correlations in 

our sample data, despite strong evidence for causal 
relationships in the scientific literature, can be explained 
by several factors:

1.	 Sample Data Limitations: Our analysis used sample 
data that may not reflect actual COVID-19 and 
vaccination patterns.

2.	 Ecological Fallacy: Population-level correlations 
may not reflect individual-level effects.

3.	 Confounding Factors: Multiple factors influence both 
vaccination rates and COVID-19 metrics, potentially 
masking true relationships.

4.	 Complex Dynamics: The relationship between 
vaccination and COVID-19 outcomes involves 
complex, non-linear dynamics that may not be 
captured by simple correlation analysis.

5.	 Temporal Considerations: The effects of vaccination 
may take time to manifest

and may vary over time due to waning immunity and 
changing variants.

Limitations
This analysis has several important limitations:

1.	 Data Limitations: Our analysis used sample data that 
may not reflect actual COVID-19 and vaccination 
patterns.

2.	 Ecological Analysis: We analyzed population-
level data, which cannot establish causation at the 
individual level.

3.	 Confounding Factors: Despite our efforts to account 
for confounding variables, many factors could not be 
fully controlled.

4.	 Temporal Granularity: Weekly data may obscure 
finer temporal patterns.

5.	 Variant Data: Limited information on variant-specific 
characteristics and their interaction with vaccines.

6.	 Vaccination Metrics: Total vaccination numbers do 
not account for the timing of doses, booster shots, or 
vaccine types.

7.	 Literature Review: Our review of scientific literature was 
not exhaustive and may not capture all relevant studies.

Conclusions
Based on our comprehensive analysis of the relationship 

between COVID-19 vaccination and SARS-CoV-2 virus data, 

we conclude:

1.	 Correlation: Our sample data shows mostly weak 
correlations between vaccination metrics and 
COVID-19 case/death metrics, with mixed directions 
and limited consistency across different measures 
and time periods.

2.	 Causation: While our sample data provides limited 
evidence for strong causal relationships, the broader 
scientific literature strongly supports causal 
relationships between vaccination and reduced 
COVID-19 severity, particularly for severe outcomes 
like hospitalization and death.

3.	 Complexity: The relationship between vaccination 
and COVID-19 outcomes is complex and influenced 
by multiple factors, including virus variants, 
population demographics, public health measures, 
and testing practices.

4.	 Implications: Despite the weak correlations in our 
sample data, the totality of evidence supports the 
continued use of vaccination as an important tool 
for reducing COVID-19 burden, particularly severe 
outcomes.

5.	 Future Considerations: Continued monitoring 
of vaccine effectiveness against new variants, 
optimization of vaccination strategies, and 
integration with other public health measures 
remain important for managing the ongoing 
pandemic.
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Appendix: Visualizations
The following visualizations are available in the

directory:

1.	 Interactive Dashboard (interactive_dashboard.html)

2.	 Variant Dashboard ( variant_dashboard.html )

3.	 Time Series Trends ( time_series_trends.html )

4.	 Variant Prevalence ( variant_prevalence.html )
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5.	 Normalized Comparison ( normalized_comparison.
html )

6.	 Vaccination vs. Cases Scatter Plot ( vaccination_vs_
cases_scatter.html )

7.	 Vaccination vs. Deaths Scatter Plot ( vaccination_vs_
deaths_scatter.html )

8.	 Cases by Vaccination Quartile ( cases_by_vax_
quartile.html )

9.	 Deaths by Vaccination Quartile ( deaths_by_vax_
quartile.html )

10.	Lag Correlation Analysis ( lag_correlation_analysis.
html )
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