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STS Research Paper
Introduction

The COVID-19 pandemic will likely be remembered as the most impactful event of the
early 21st century. Causing over 6 million deaths to date and harming the well-being of far more,
the pandemic has done an immense amount of damage to the world (World Health Organization,
2023). If through some means the pandemic had been stopped in its tracks before it had truly
begun, a great service would have been done for the world. Analysis of historical data has shown
that the next pandemic will likely occur within this century, so we must be prepared for its
arrival. Due to their ability to quickly process vast amounts of data, artificial intelligence (Al)
and machine learning (ML) can help us turn the next pandemic into a week-long story instead of
a years-long tragedy (SAS India, 2022). This paper will examine the following research
question: How can humanity use Al and ML to prevent and minimize future pandemics? To
answer this question, the STS (Science, Technology, and Society) frameworks of political
technologies and risk analysis will be used as tools for further examination of this question.
Research question and methods

This paper examines the following research question: How can humanity use artificial
intelligence (Al) and machine learning (ML) to prevent and minimize future pandemics? The
research was performed by searching for academic papers using keywords and key terms such as
“Al,” “Pandemic,” “COVID-19,” “Machine Learning,” “Disease X,” and other related terms.
Additionally, terms such as “Risk Society” and “political technology” were used to explore the
current state of STS discussion in this area. These terms were selected because they are highly
relevant to the topic at hand. “Disease X” is a term coined by the World Health Organization to
describe a currently unknown future deadly disease, and it has been adopted by many academics

and officials in discussions of how we can prepare for pandemics (The Economist, 2018). This



method of research is aligned very closely with the topic at hand, as many of the techniques in
this area of research have not yet been implemented, and remain in the realm of theory and
academic discussion.
Background on Disease and Al

Highly infectious diseases have been a fundamental part of human life since the very
beginning of organized society. Due to the ways we interact with one another, pathogens can
spread from person to person through physical contact and sometimes simply due to the presence
of other people. When outbreaks of diseases get particularly intense and deadly, they can
sometimes require extreme courses of action to protect the health of the public. These disease
events have come to be known as pandemics (Piret & Boivin, 2021)

The COVID-19 pandemic, and the mistakes that were made in its infancy, will inform
much of this analysis, as it is a prime example of how an infectious disease can spiral into a
worldwide problem. The 2019 novel coronavirus, as it was called, began in Wuhan, China as an
“atypical pneumonia”, and was able to spread beyond the Chinese border before anyone knew
what was happening. The disease grew from a small localized event to a worldwide pandemic
that was killing thousands of people every day in just under 3 months (CDC, 2022) Better
recognition and swifter action likely could have prevented the spread of COVID-19, but the
technological infrastructure and social awareness that would have been necessary was not in
place. For future pandemics, we will likely be able to do a better job if we use technology to our
advantage.

Acrtificial Intelligence (Al) is a field of study that uses computational power to analyze
data and solve problems (IBM). In the same way that ChatGPT has created a method for having

a realistic human conversation, and social media algorithms have nearly mastered the art of



capturing human attention, Al can serve as a watchdog for potential pandemics. (OpenAl, 2023).
Due to its ability to incorporate large amounts of data and recognize patterns, Al is a natural fit
for the fight against pandemics. Within Al, there are several subfields such as natural language
processing, neural networks, and machine learning. Machine learning (ML) is perhaps the most
prominent form of Al in which algorithms are used to process data through the lens of
parameters or weighting (Bzdok et al., 2017). For undocumented biological phenomena which
do not have established models, such as the spread of a novel pandemic, machine learning can be
a powerful tool for providing insight.
The STS View
Due to the large volume of data required and the vast implication of its use on the lives

of the public, Al has long been considered a political technology. Within the STS field, there are
a variety of perspectives on Al and politics. In their paper, “Opportunity for renewal or
disruptive force? How artificial intelligence alters democratic politics”, authors Konig and
Wenzelburger argue that while Al could result in the poisoning of the information environment
that allows democracy to function, it could also increase government accountability if it is used
as a watchdog (Konig & Wenzelburger, 2020). Viewing the issue from a different lens, Blake
Murdoch argues that applying Al to medical information raises significant concerns over patient
privacy, and argues for improved methods of anonymization (Murdoch, 2021). While these and
other authors have different perspectives on how Al can and will affect politics, they seem to
agree that it will have some effect, which strengthens the idea that Al is a political technology.

Additionally, the risk analysis that will have to be performed once a pandemic has been
identified must be considered. This type of decision-making is discussed at length in Beck’s idea

of the Risk Society, where he claims modern society has become increasingly focused on the



management and analysis of risk (Mythen, 2004). Several STS authors have applied the idea of
the risk society to the COVID-19 pandemic, and how this frame of mind can lead to interesting
conclusions. Sweden’s relaxed policies on COVID-19, which became the subject of worldwide
scrutiny, are said to have been in line with Risk Society thinking (Nygren & Olofsson, 2020).
Pietrocola et al. argue that as a result of the Risk Society style thinking becoming prevalent and
the presence of the COVID-19 pandemic, there must be increased attention paid to scientific
education so that the general public is informed enough to operate within the Risk Society
(Pietrocola et al., 2020). Most authors on this subject seem to agree that a pandemic leads to
increases in Risk Society thinking, which could have a variety of different effects.

Results and Discussion

Acrtificial Intelligence and Machine learning have been used in several ways to prevent
and minimize the impact of pandemics. Many of these strategies were used during the COVID-
19 pandemic, including the modeling of key statistics, assisting with diagnostics, developing
effective vaccines, and tracking relevant individuals. Additionally, several strategies could be
used to fight pandemics that remain largely unused or underdeveloped. Specifically, widescale
wastewater tracking and modifying the capabilities of drug discovery algorithms are examined in
this paper. Overall, this research suggests that preventing future pandemics will require both an
expansion of existing technology and the implementation of future innovations.

The future of fighting pandemics can be seen by looking at how artificial intelligence and
machine learning were used to fight the COVID-19 pandemic. Future applications of these
methods would likely involve wider and more in-depth implementation of these technologies,
which will be easier in the future as computational power and complexity increase.

Modeling Key Statistics




One of the main ways machine learning was used to help control the COVID-19
pandemic was through modeling data that is important for policy-making such as future case
counts, suspected cases, deaths, and intervention effectiveness. One study published in the very
early stages of the pandemic found a good way to predict possible infections in Wuhan by using
a machine learning model. By manipulating a 14-day dataset of COVID infections and tuning
different model parameters, the scientists found a model that had less error than traditional time
series modeling methods, such as integrated moving averaging and exponential growth. This
model took the form of a polynomial neural network, which is a commonly used form of
machine learning (Fong et al., 2020). Another study, later in the pandemic, found that using the
data from tweets from public Twitter accounts had the potential to produce predictions regarding
case counts and outbreaks in certain areas. By analyzing the wording of tweets related to
COVID-19 symptoms using Natural Language Processing (NLP), the researchers found that the
number of tweets regarding symptoms was relatively predictive of later released government
numbers of lab-confirmed COVID-19 cases (Golder et al., 2022). NLP is a form of machine
learning that views language through a probabilistic lens and is capable of translation,
summarization, and sentiment analysis, which was the technique used in the study in question
(IBM). Another study, which took the form of a preprint (non-peer-reviewed study) released by a
company called Kinsa, claims that data from smartphone-connected thermometers can predict
the rise of official case counts of COVID-19. The data from these thermometers, which are a
product of Kinsa, was inserted into a gaussian process model, which is one of the lesser-used
forms of machine learning, to generate a series of predictions regarding future COVID-19 case

counts. The authors claim that this method performed favorably when compared to Carnegie-



Mellon’s Epicast and Stat models, but the research remains unpublished, perhaps due to conflicts
of interest (Chamberlain et al., 2020).

Performing Diagnostics

In addition to the many ways Al and ML were useful in modeling the spread and impact
of the pandemic on a societal level, they also served as valuable tools for the medical community
to improve diagnostic capabilities. The RT-PCR test, which is commonly used to determine
whether a patient's sample is COVID-19 positive or COVID-19 negative, may still produce
false-negative results in cases where the viral load is low and the patient has mild or no
symptoms (Mallet et al., 2020). As a result, incorporating various Al-based methods for
screening and diagnosing COVID-19 has been beneficial in determining the disease status of
patients. For example, one study found that a convolutional neural network (CNN) based model
can be useful to identify COVID-19 infection in patients through the analysis of chest X-rays
(Wang et al., 2020). This model analyzes X-ray images without the need to consult a radiologist,
which has the potential to reduce costs and boost hospital time efficiency. Furthermore, machine
learning was useful for improving diagnostics by analyzing blood tests for signs of COVID-19
(Brinati et al., 2020). Several examples of published models can be found that are able to classify
whether a patient is COVID-19 positive based on hematological values such as hemoglobin
content and blood cell counts (Arora et al., 2021). These models had accuracies of 90-95%,
which is accurate enough to be useful, especially in cases where RT-PCR is likely to be
unreliable or is simply not available. Moreover, a separate study found that when natural
language processing is used to analyze text-based clinical reports of patients, disease status could
be determined with an accuracy of over 96% (Khanday et al., 2020).

Aiding in Vaccine Development




Vaccine development was perhaps the most important way Al was used during the
COVID-19 pandemic. The onset of the pandemic sent thousands of scientists and companies into
a frenzy in search of a safe and effective vaccine that could prevent the spread of COVID-19.
The ability of Al to quickly analyze millions of data points was part of the reason for the
incredibly fast development of mMRNA-based COVID vaccines, such as the Moderna and Pfizer
vaccines. This process occurred much more quickly than the initially estimated timelines of
development, which were based on previous large-scale vaccine efforts (McKinsey, 2021).
According to Dave Johnson, who is the chief data and artificial intelligence officer at Moderna,
the company developed proprietary algorithms to find an effective match between the desired
amino acid sequence (the protein for which the vaccine is designed) and a nucleotide sequence
(mRNA), since there is a vast amount of nucleotide sequences that can code for a given protein.
In a 2021 interview, Johnson also mentioned how algorithms were also used to optimize a
potential match that is found through the process just described. “We have algorithms that can
take one [sequence] and then optimize it even further to make it better for production or to avoid
things that we know are bad for this mMRNA in production or for expression” he said, while later
commenting about how scientists at Moderna can “just press a button and the work is done for
them” (Ransbotham & Khodabandeh, 2021). Johnson’s comments are reflective of the
transformative nature of Al, and how it can both simplify existing processes and open new
possibilities for vaccine design and development. Whereas the mRNA vaccines developed by
Pfizer and Modern primarily target the spike (or “S”) protein of SARS-CoV-2 (the virus that
causes COVID-19), a 2020 study out of the University of Michigan found that there are several
other candidate proteins related to the virus that could be used to develop an effective vaccine

through the use of reverse vaccinology and machine learning (Ong et al. 2020). Reverse



vaccinology is a technique in which vaccines are developed through bioinformatic data analysis
of the pathogen in question, making it a primary use case for machine learning and other
applications of Al.

Tracking Individuals and the politics of Al

Another way in which Al and ML were used during the COVID-19 pandemic was the
tracking of individuals. AT the beginning of the pandemic, China and Russia capitalized on pre-
existing facial recognition technology powered by Al and surveillance cameras to detect non-
compliant individuals who failed to adhere to required self-isolation or quarantine protocols
(Reuters, 2021; Yuan, 2020). This method of tracking people underscores the idea that Al is a
political technology, whose wide-scale use is often going to be pitted against the data privacy
concerns of citizens. In addition to using Al-powered surveillance to determine who was
following quarantine, China’s system became advanced enough to recognize both those who
were wearing masks and those who weren’t (Yang & Zhu, 2020). The progress and
implementation of these systems should be a cause of concern for those who are generally
concerned about the way technology can and will continue to affect political and social life. A
system that can track the behavior of mass amounts of individuals is also a system that can
categorize and scrutinize people, making political and societal control easier than ever for those
with their hands at the control panel. Even on a smaller scale, employers used similar facial
recognition systems to help employees scan into work in a contactless manner (Pascu, 2020).
Similar to the way airport security became increasingly stringent after the September 11th
attacks, we may have entered a new era concerning expectations of data privacy, in which the
use of Al and other machine learning technologies will lead to questions over the role of the

state.



While the progress made in the use of Al as a result of COVID-19 will certainly be
important in terms of countering the next pandemic, it is also important to consider how Al and
ML might be used to prevent future pandemics entirely. Furthermore, future Al advancements
will provide us with enhanced capabilities in some of the areas already discussed, improving our
pandemic-fighting abilities in ways we currently can only theorize about.

Detection of Threats

Perhaps the most intuitive method of preventing a pandemic is stopping the spread of a
disease before it gets out of control. Due to the speed at which a potential threat must be
recognized and the severity of potential interventions, this method of stopping a pandemic
presents a challenging problem. In the future, however, Al might give us the capability of
detecting potential pandemics before they spiral out of control. For example, an early version of
what detection systems might look like in the future can be seen by looking at how diseases are
sometimes able to be tracked through wastewater. For example, during the COVID-19 pandemic,
the United Kingdom expanded the sampling of wastewater treatment facilities to better track
COVID-19. Typically, in the disease progression of COVID-19, infected persons spread shed
virus material in their feces within a few days of symptoms appearing, which can sometimes be
before they would test positive on a typical RT-PCR nasal swab test (Baraniuk, 2020). This
dynamic has also been seen with other diseases, such as Hepatitis A and norovirus, and is not
unique to COVID-19. Disease material detected in wastewater, therefore, serves as an early
warning signal that an outbreak may be about to occur. However, current sewage monitoring
technologies are highly imperfect and often suffer from inaccuracies and slow data processing,
which make them a perfect area for innovation through the implementation of advanced Al and

ML (Su et al., 2021). A future system might involve integration with wastewater infrastructure



itself such as piping, to increase the precision by which outbreaks can be detected. This system
would allow for the identification and containment of a novel, deadly pathogen before it would
be able to spread.

Monitoring Man-made Pathogens

When thinking about future pandemics and the risk they pose, it is important to recognize
that there are several different ways in which these events could occur. A particularly frightening
possibility would be a genetically engineered virus that combines the characteristics of a highly
infectious disease with a highly deadly disease, two forces that tend to counteract one another as
natural viruses spread and mutate. As synthetic biology becomes more accessible and drug-
discovery algorithms increase their mastery of human biology, the risk of a bioweapon or a man-
made pandemic being released will likely increase. An example that shows the dangers at play
was seen at Spiez CONVERGENCE, which is a biennial conference where trends in biological
and chemical research are discussed through the framing of national security. There, a company
called Collaborations Pharmaceuticals demonstrated how they accidentally discovered that their
proprietary drug discovery Al was able to easily produce pathways to development for both
known chemical weapons and many entirely new toxic compounds (Sohn, 2022). As a result,
this is an area in which Al systems must police themselves, and the developers of these systems
must do their best to include checks and controls on what types of information they release to the
user. A future solution to this problem might involve a separate algorithm, which will likely have
to be agreed upon by world governments, which conducts simulations of what might happen if a
given substance was produced and placed in a human body. If successful, this algorithm would
likely have to be legally required in the development of drug discovery Al systems, and would

hopefully stop malicious actors.
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Interventions and Risk Analysis

If a novel, deadly pathogen with the potential to spread is discovered by Al in the early
stages of transmission, hard problems are immediately presented. That occurrence, which will
have been an absolute triumph of human ingenuity and foresight, is merely the beginning of the
story. It is then up to governments to figure out how to handle the situation. To come up with a
solution, governments must perform a risk analysis, in that they will be forced to decide while
balancing tradeoffs in an uncertain scenario. The key variable in making decisions regarding
societal risk when it comes to a deadly disease is the intensity of the sickness and the likelihood
of spread. When attempting to operate ethically, the justification for extreme measures is
extreme circumstances. For example, if a very deadly, highly contagious disease is discovered
through wastewater to be localized to a single geographic area, it becomes increasingly difficult
to rationalize non-intervention. In this scenario, the most ethical action for all parties (inside and
outside of the area) might be similar to China’s Zero-Covid policy, in which the government
sometimes forcibly trapped people in their homes to stop the spread (AP, 2022). In another
scenario, where a novel, highly infectious disease is identified but poses less risk than the
common cold, it is likely not justifiable to enact strict lockdown measures that will negatively
affect the livelihood of people within the area in question. These problems are difficult to solve,
and they require careful thought and justification in order for sound decisions to be made. A
world in which governments are increasing involved in determining appropriate levels of
collective risk is one that will be strongly showing the concept of the Risk Society, as outlined by

Beck (Mythen, 2004).
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Limitations and Future Work

This research is limited in its scope due to both its methods and the context in which it
was performed. The addition of keywords to the search criteria could have provided new
information regarding topics that were not mentioned. Furthermore, a larger team performing
research together could have yielded more insight into the topics discussed as well as those that
were not mentioned. Future work in this area should expand the breadth of the topics covered, as
well as explore different methods of acquiring information, such as performing interviews,
surveys, or focus groups.

Conclusion

In the fight against future pandemics, we would do well to heed the lessons we learned
from COVID-19, and the advances we made as a result of its challenges. Future pandemics will
likely involve similar dynamics in terms of social distancing policies, rushed vaccine timelines, a
need for accurate diagnostics, and modeling of key statistics such as case counts and deaths. By
making the necessary investments to innovate in these areas using the capabilities provided to us
by Al and ML, we can be better prepared for the next pandemic and be more able to reduce its
societal impact. Additionally, advances in Al are likely to bring us new capabilities that have yet
to be implemented, such as widespread and regular wastewater sampling and guardrails to
prevent man-made pandemics, that will help us save lives by preventing deadly pathogens from
wreaking havoc across the world. While they will be helpful, each of these efforts will come with
its own set of obstacles, given the inherently political nature of advanced Al monitoring systems

and the risk analysis that must be performed before enacting any intervention.
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