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Discovering Viral Hosts, Mutations, and Diseases
using Machine Learning

Blessy Antony

(ABSTRACT)

The discovery of a novel virus raises three important questions, namely, which host(s) can

the virus infect, what mutations in the virus could affect its interaction with its hosts and

enable a host-shift, and which diseases can the virus cause in humans. We propose novel

machine learning (ML)-based solutions to these three different problems in computational

virology.

(i) We develop a viral protein language model for predicting the host infected by a virus,

given only the sequence of one of its proteins. Our approach, ‘Hierarchical Attention for

Viral protEin-based host iNference (HAVEN)’, includes a novel architecture comprising

segmentation and hierarchical self-attention to tackle the challenges posed by long

sequences. Pretrained on 1.2 million viral protein sequences, the model accepts any

protein sequence of any virus and predicts its host. We integrate HAVEN with a

prototype-based few-shot learning (FSL) classifier to generalize it to predict rare and

unseen hosts, and hosts of unseen viruses.



(ii) Structured datasets of known viral mutations and their effects are required to develop

computational models that can predict potential detrimental changes in novel animal

viruses. We leverage large language models (LLMs) to create these datasets from

the results of experimental studies available as unstructured text in scientific litera-

ture. We design an open-ended task for ‘scientific information extraction (SIE)’ from

publications and propose a unique two-step retrieval augmented generation (RAG)

framework for the same. We curate a novel dataset of mutations in influenza A viral

proteins. We use this dataset to benchmark our proposed approach, a wide range of

LLMs, RAG-, and agent-based tools for SIE.

(iii) Finally, we look at the effects of viral infections in humans. Specifically, we focus on

the long-term effects of SARS-CoV-2 (or long COVID) wherein patients experience

the persistence of COVID-19 symptoms for a long period of time after their initial

SARS-CoV-2 infection. We propose an ML-based classification pipeline to predict the

diagnosis of long COVID in COVID-19 patients using their electronic health records

(EHRs) in the National COVID Cohort Collaborative, which is the largest collection

of clinical data across the US. Using techniques to explain our models’ prediction for

each patient, we uncover many features that were correlated with long COVID. We also

evaluate the impact of different data sources on our long COVID prediction models

using a novel a cross-site analysis.

For the all the three problems, we demonstrate the accuracy and robustness of our proposed

solutions through a comprehensive series of experiments. These contributions are aimed

towards developing a coherent system for pandemic preparedness and prevention.



Discovering Viral Hosts, Mutations, and Diseases
using Machine Learning

Blessy Antony

(GENERAL AUDIENCE ABSTRACT)

Viruses are one of the primary pathogens causing infectious diseases. There is a rise in the

frequency of outbreaks of human infectious diseases across the globe. Several viruses origi-

nate in animals, evolve though mutations, and shift hosts to infect humans. It is important

to detect the potential of animal viruses to infect humans in order to avoid, prepare for, and

tackle future infectious disease epidemics through well-informed decisions.

We propose novel artificial intelligence (AI)-based solutions to three important questions

namely, which host(s) can a virus infect, what mutations in the virus could affect its inter-

action with hosts, and which diseases can the virus cause in humans.

We develop “Hierarchical Attention for Viral protEin-based host iNference (HAVEN)” based

on the architecture of large language models (LLMs) such as ChatGPT. We train HAVEN to

learn the properties of protein sequences of viruses and predict their hosts. HAVEN can also

identify rare, unseen hosts and predict hosts of unseen viruses. Next we focus on the mu-

tations in a virus that allow it to shift from one host to another and infect humans. Results

from experimental studies analyzing the effects of viral mutations on virus-host interaction

are available primarily in the form of unstructured text in scientific publications. We seek

to employ LLMs to retrieve this information from the scientific literature and create these

datasets. Retrieval augmented generation (RAG) is framework where an AI system first

retrieves relevant information from a provided source and leverages it to generate accurate

answers. We design a novel task for LLMs to perform ‘scientific information extraction (SIE)’



from publications and propose a unique two-step RAG framework for the same. We manu-

ally curate a novel dataset of mutations in influenza A viral proteins. We use this dataset to

benchmark our proposed approach, a wide range of LLMs, and state-of-the-art RAG-based

methods for SIE.

Finally, we focus on the long-term effects of SARS-CoV-2. Long COVID is a disease condi-

tion wherein patients experience the persistence of COVID-19 symptoms for a long period of

time after their initial COVID-19 infection. We trained prediction models using electronic

health record (EHRs) of COVID-19 patients from during their infection phase. We show that

these machine learning models can effectively predict the future occurrence of long COVID,

generalize to different sources of EHR data, and highlight informative indicators in EHRs for

early diagnosis. The contributions in these thesis are aimed towards developing a coherent

system for pandemic preparedness and prevention.
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Germs such as viruses could enter the human body, multiply, and cause an infection. The

ensuing illnesses are called “infectious diseases” [1]. These pathogens are transmitted to

humans through direct or indirect contact, vectors such as mosquitoes and ticks, food, or

water [2, 3]. There is a rise in the frequency of outbreaks of human infectious diseases

across the globe. Various viruses that either originate in animals or are transmitted through

vectors cause a majority of these outbreaks [4].

Viruses move from animal reservoirs and adapt to new hosts. “Zoonotic” viruses origi-

nate in vertebrate animals and move to infect humans resulting in infectious diseases termed

“zoonoses”. These viruses may shift to multiple intermediate hosts before adapting to hu-

mans. Though many viruses spill over from animals to new hosts, their infection is confined

to the initial animal or few animals of the same species. A very small number of these

viruses engender an outbreak or epidemic. Though small, the proportion of viruses re-

sulting in zoonotic outbreaks and the mutations that drive these zoonotic transfers remains

unknown [5].

Epidemics and pandemics may not only claim millions of lives but also impact the health,

education, economy, and overall social development [6]. Zoonotic pathogens have caused

about 60% infectious diseases in humans since 1940 [7, 8]. Examples of zoonotic viruses

that caused epidemics and pandemics in the past include Human Immunodeficiency Virus

(HIV, 1981), H5N1 Avian Influenza virus (AIV, 1996), Nipah virus (1998), Severe Acute

1
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Respiratory Syndrome Coronavirus (SARS-CoV, 2002), Zika virus(2007), H1N1 influenza

virus (2009), Middle East Respiratory Syndrome Coronavirus (MERS-CoV, 2012), Ebola

virus (2013), SARS-CoV-2 (2019) [6, 8, 9, 10, 11, 12, 13]. The most recent Coronavirus

Disease 2019 (COVID-19) pandemic created a devastating impact with over 774 million

reported infections and seven million deaths across the globe as of February 11, 2024 [14].

Various geographical, ecological, biological, economical, and social factors influence the in-

teraction between humans and animals [15, 16]. It is of paramount importance to detect

the zoonotic potential of a virus in order to avoid, prepare for, and tackle future infectious

disease epidemics through well-informed decisions. Additionally, the preemptive detection

of new human virus spillover from animals could help to develop vaccines and medications.

Surveillance of viruses in the wild is a common way to discover new viruses and identify those

that may become zoonotic. One could study such an animal-infecting viruses to discover

its potential to infect humans. However, the estimate of the total number of animal viruses

in nature ranges from 260,000 to 1.6 million [17] and less than 0.1% of the animal viruses

have been known to infect humans[18]. It is infeasible to experimentally study and measure

all factors contributing to the transmission of viruses from animals to humans to identify

novel zoonotic viruses. Hence there is the need for computational methods to narrow down

the vast range of viruses to identify those with potential for human infection. We can then

subject these selected viruses to further experimental studies and determine the plausibility

of zoonosis.

These motivations inspired the founding of the U.S. National Science Foundation Center

for COMmunity Empowering Pandemic Prediction and Prevention from Atoms to SocietieS

(NSF COMPASS) center. The vision of the NSF COMPASS Center is to “accurately foresee

pandemics and proactively minimize their impact” [19]. The center’s research is focused on

studying how a virus from one species to another, adapts and inside a new
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