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ABSTRACT

COVID 19 or the novel corona virus has hit the human race in
a way which has never been documented before. Flu
epidemics and pandemics have happened in the past, but few
have had devastating global impact as the COVID pandemic.
The pandemic has shown us how unprepared we are to
something novel, something as tiny as a RNA strand which
has caused havoc in the life and resources of most countries.
The economic and social implication of the pandemic has
been immense but the most concerning aspect of the epidemic
is the vulnerability of the treating community to the disease,
which raises very important questions on introspection.
Flattening the curve is the strategy to prevent the
overwhelming of the healthcare system during any epidemic
and not a way to curb the infection itself(1). As the pandemic
has progressed, the mortality and morbidity of healthcare
workers  has been increasingly documented and the
implication of this on an already compromised system with
infected, isolated or quarantined care providers(2) raises
questions on the preparedness of systems for future
epidemics. An elusive vaccine is not the answer to the
problem of epidemics as most epidemics are novel and the
next epidemic seems not far away, as history serves as the
best early warning system. Epidemics will happen, but our
response to the same needs to be better than the present
standards of care which leaves critical care workers at risk.
Many innovative ideas ranging from indigenous PPEs to
telemedicine have been used as ways around the system,
which can only be considered as desperate measures during
desperate times. Understanding epidemics with the help of
innovative technology opens up doors to novel ways to tackle
novel problems. The use of Artificial Intelligence as the first
response to epidemics addresses the problem of protecting the
most critical and finite resource of Health Care Workers
HCW and utilizing them ergonomically in domains where
they are irreplaceable(3). Using the Natural Language
Processing NLP as the first line of defense against
epidemics(4) needs a paradigm shift in the current thinking
process as the potential for this simple yet immense resource
available at the fingertips of the common man needs to be
tapped with caution. The use of NLP in Machine Learning
ML, their use in other diseases and the possibility of using it
as the first response to an epidemic thereby optimizing care
and protecting critical resources will be discussed in this
article.
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1. INTRODUCTION

Any epidemic can be understood easily by the four stages as
documented in the evidence base(5). The first case is the
export of the case from an affected region by a traveller/
travellers (index case/case zero) who get infected by the
pathogen. The second stage or first cluster is the stage of local
transmission where the traveller transmits the pathogen to
close contacts, the stage when spread can be stopped by
extensive contact tracing, isolation and treatment of cases.
The third stage is the community spread where the local
transmission when left unchecked, results in the spread to the
community through both symptomatic and asymptomatic
contacts. When the community spread is left unchecked the
fourth stage of explosion of the epidemic results, which can
become a pandemic if enough places are affected globally.
Understanding this premise is necessary to understand the
response of the healthcare system to the epidemic at different
stages of the epidemic. The lockdowns, stoppage of
international travel, isolations, quarantines and social
distancing(6) have literally left the global community in a
standstill, which is one of the techniques to prevent the spread
of the disease. The efficacy of these measures depend on
many factors including the epidemiological stage of the
disease, the strictness of the lockdown, the compliance of the
community to the lockdown and the economic, social,
political and geographic demographics of a country(7).

The focus of the discussion is about the judicial use of
resources during an epidemic(8), which could have a big say
on the shaping up of the epidemic itself. The HCWs happen to
be one of the most precious, yet vulnerable group of
individuals who have to be protected in order to screen,
isolate and treat positive cases during an epidemic. They
happen to be the first line of contact in any disease and hence
the increased risk of getting infected, spreading it to others, or
even worse being isolated or hospitalized themselves when
their services are of utmost importance(9). All HCWs have
the occupational hazard of getting sick when treating diseases
which becomes a huge obstacle in contagious diseases like
epidemics unlike chronic conditions which are non-
transmissible. The fact that HCWs are vulnerable to infections
at all stages of the epidemic makes this all the more an
important issue to be understood as many hospitals have
become confinement zones with cases spreading to patients
without proper screening, as witnessed during the recent
COVID pandemic. The HCWs have to be isolated,
quarantined and treated for complications once contact
without proper PPE has happened for obvious reasons.
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2. PRESENT MODEL OF RESPONSE
TO EPIDEMICS AND
CHALLENGES:

The present system of response for a suspected case in an
epidemic is quite different from the conventional emergency/
outpatient department cases where the patient directly
interacts with HCWSs. Any good system would have dedicated
hotline numbers which have to be contacted once a suspected
case in accordance to the symptoms the person presents
with(10). Once the telephonic conversation is done the
respondent decides on the diagnosis, severity and further
course of action which needs to be made in accordance to the
individual case. The systems are so good that once there is
strong evidence on to contact history or symptoms these
patients are transported in dedicated ambulances to dedicated
hospitals which are equipped with facilities for screening,
isolation and treatment with PPEs and all the necessary
precautions. Though many countries did not have such a
response to the COVID pandemic, this at first glance would
be an ideal response, but deep analysis of the system reveals a
lot of flaws. In a pandemic this system will fail as the number
of cases will be very high, especially if there is community
spread and the resources could get stretched to levels whereby
the plan will not be effective at all. The other problem would
be the non-availability of enough test kits especially in the
beginning of the epidemic to screen all the sick patients(11).
There is enough evidence to show the unavailability of PPEs
in even the ICU setups once the cases had exploded and hence
the importance of flattening the curve so as to prepare the
healthcare system to face the next wave of patients. The
telephonic interview through hotlines is handled by HCWs
whose expertise could be utilized in domains where they are
actually necessary. The telephonic interview is quite
subjective as the sensitivity and specificity of the screening
questionnaire further determines the use of precious resources
such as transport and testing. The accessibility and the ease of
use of these hotlines are again a matter of debate as the elderly
and more sick individuals find it difficult to go through this
process due to logistic concerns. Further a person may
symptomatically worsen after one particular interaction which
may not be identified by a different receiver on a later
conversation.

Epidemics have the peculiarity of spreading rapidly and hence
the need for isolation and quarantines as part of the treatment
for both positive and contact cases. Mild cases without
symptoms which do not need hospital admission in COVID
19 are home quarantined for up to three weeks in accordance
to the incubation period of the disease(12). The patient in
home quarantine maybe stepped up for admission if their
symptoms worsen and hence the need for constant
surveillance. The progression of mild symptoms to frank
breathlessness have been very concerning issues in the
COVID pandemic and the actual mortality due to such
exacerbations(13), especially in elderly will come to account
only after the epidemic has been contained. The need for
constant surveillance of such cases shows one of the many
gaps we have to address in future cases of epidemics for
making a reliable system which actually works in spite of the
uncertainties. Some really good systems have been following
up patients through telephonic interviews but such
interactions have been possible and relevant only in places
where the disease has been relatively well under control or
where the incidence has been less(14). Thus triaging,
screening and constantly checking on patients would add on
to an already stressed healthcare system which could get lost
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in translation if the epidemic becomes explosive as witnessed
in Europe. The identification of high risk individuals is yet
another challenge in which the current system has failed due
to the timeline of response. The COVID pandemic has raised
relevant questions on the early identification of high risk
individuals on the basis of age, pregnancy, comorbidities like
diabetes, hypertension, obesity, cardiovascular disease and
chronic kidney diseases(15). The understanding of these
demographics and comorbidities will help in managing and
prioritizing care especially when there is community spread as
these subset of patients happen to be the most vulnerable in
terms of severity, complications and eventually increased case
fatality(16). Many classifications of the current pandemic
consider mildly symptomatic individuals with comorbidities
as moderately severe disease(17). Hence early identification
of these high risk groups with a degree of certainty would
make a huge difference in the shaping up of the epidemic in a
particular region.

3. FUTURE COURSE OF EPIDEMICS

The current pandemic is a lot trickier than the ones before due
to a strange phenomenon of reinfection/ reactivation of the
virus after becoming symptomatically and serologically
negative as documented in Rhesus monkeys(18). We are still
in the early days of understanding this phenomenon in
humans (19) as there are unofficial reports of more than 14
percent of serologically negative cases becoming symptomatic
and seropositive after a period of 3-4 weeks. This has a big
impact on the herd immunity(20), the main factor which could
help in controlling the disease once people get immune to the
disease either through recovery from the infection or through
the use of vaccine. Hence the follow up of recovered patients
is of high importance when dealing with a contagious disease
of such high infectivity and mortality. Very few places have
successfully implemented this kind of follow ups as most of
the healthcare systems have been overwhelmed with cases and
the importance of following up these cases have not been
pursued with enough conviction. Hospitals and HCWs are
considered as critical resources but are at risk during the
beginning of an epidemic as they are in contact with patients
till strict guidelines and screening becomes the norm, as seen
in the present COVID epidemic(21). An asymptomatic patient
with other diseases who reaches the hospitals or a healthcare
worker who had come in contact with a patient who is yet to
be diagnosed is a ticking time bomb in case of epidemics. It is
ethically impossible for healthcare organizations to reject
treatment for such diseases which need care, stating reasons of
proactive prevention of contagion spread. This makes the
resources in the healthcare organization as vulnerable as the
general population and this conundrum needs to be addressed
if a secure and foolproof system for the future needs to
become a reality(9). The problem with the epidemic in the
modern era is the easy availability of information which
makes every other person come to conclusion that they are
indeed infected and hence need medical attention. This has
been recorded in places where testing was mandated only to
cases which were symptomatic and the huge number of
negative cases in places where community testing is not done
is testimony to this assumption. So not only are test Kits,
another critical resource, used on patient not needing attention
but when the cases explode in due time the same resource
becomes hard to find for deserving patients(11). Further the
dispelling of doubts of people through a proper interaction
would decrease the number of people seeking medical
attention to far less than what has actually been addressed.
Much of this waste in resources could be effectively managed
once a personalized yet easily available parallel system of

30



screening is deployed which can be far more effective in
screening and diagnosing the disease and yet conserves
valuable human resources.

The numbers about epidemics in the present century are not
encouraging as more than sixty epidemics have emerged in
the last two decades and the incidence seems to be increasing
disproportionately when compared to the earlier two
centuries(22). A specific approach towards an epidemic has
not been a successful one as every year the healthcare system
is faced with a challenge of a new strain of virus or an exotic
pathogen which makes vaccines and herd immunity a distant
dream as much of the damages are already done by the time
these measures can be implemented. There has been much
focus on the RO or R-naught (23)which is the average number
of secondary cases, one infected case would produce in a
completely susceptible population and this in turn determines
herd immunity which is the minimum number of cases which
needs to be infected or recovered from the infection to provide
a blanket immunity for the population which is not yet
infected. The herd immunity threshold depends on a single
parameter known as RO, or the basic reproduction number. If
we consider a hypothetical pathogen with an RO of 4, this
means that, on average, one infected host will infect 4 others
during the infectious period assuming no immunity exists in
the population(26). The early understanding of an RO of
COVID was 2.5 which roughly estimates to a fifty percent
infectivity as necessary to have herd immunity has been
challenged as new data have emerged(25). More recent
estimates place the RO as high as 5.7 in some place, although
many estimates fall within the range of 2.5 to 3.5 (26). This
variation reflects the difficulty of obtaining accurate RO
estimates in an ongoing pandemic, and the current estimated
SARS-CoV-2 RO values likely do not indicate a complete
picture of the transmission dynamics across all countries. The
next epidemic may not be as global or severe as the present
one but wanting the system to respond in a much better way
than it has done this time around should be considered with
immense proactivity. Using the global interconnectivity and
technology for the advancement of response systems needs to
be the premise on which improvements have to be
implemented. The understanding of the current model of
response, at least with regard to screening, identification of
high risk cases and follow up of isolated/ recovered patients
can be effectively done once the decision making process has
been defined. These are common variables in any epidemic,
and the specificity with respect to a particular epidemic will
change in accordance to the epidemiological variables
involved for that specific disease. Most of these processes
can be replaced by Machine Learning ML systems which can
be customized in a much better way than the present system in
place. The subjectivity of the decision making process can be
replaced by an objective ML system which can be much more
effective than the current human interaction systems.

4. HOW MACHINE LEARNING
SYSTEMS CAN WORK DURING
EPIDEMICS:

Given the current understanding of epidemics, a ML program
or device would be a much more accessible yet safe option to
the present response to epidemics(27). The use of ML as a
support for processes to support clinicians and healthcare
workers is beyond the scope of this discussion but only throws
light into how much can be achieved once the power of ML is
harnessed optimally. The problem of protecting the HCWs
and testing kits can be easily solved once an Al program is
trained to ask relevant questions to the user and document
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their responses(28) and reach a conclusion in accordance to
the dataset on which it has been trained with. Since the ML
interacts with the users away from the hospitals, the objective
of HCWs safety is easily achieved and training of the Al
systems to decide on whether a patient requires immediate
medical attention(29), be it as part of the epidemic or
otherwise can be defined with a certain degree of certainty by
using the concept of forward triaging(30). Further, the ML has
the edge of immense personalized data beforehand of the first
clinical encounter that it can easily diagnose high risk
conditions with comorbidities and allocate resources and
system warnings in accordance to the logistics involved in
healthcare systems(30). The fact that an Al system can be
trained not only to correctly identify the high risk group but
can be used to alert clinicians with the help of data from
connected devices through proper patient engagement
provides it with a competitive advantage. Once definite
processes are identified the ML system can be trained to
answer common questions and give the user reliable
information to these queries thus empowering patients in a
way which is yet to be realized by the present system. A
relevant algorithm which interacts with individuals in
understanding and answering their actual concerns which can
thereby save valuable resources both in the form of HCW
interactions and hospital visits itself is the need of the
hour(31). The optimal use of connected health devices could
be used as a safe strategy to identify comorbidities and their
control with the current management regimes which can be of
immense benefit in tracing and tracking high risk vulnerable
patient subsets(32). The current pandemic, in spite of all the
harm it has caused has asked very relevant questions on to the
approach to future epidemics and how the current state of
relative helplessness can be overcome. Connected health
devices could be the answer to treatment and management of
comorbidities which play a decisive role in the progress of the
epidemic, beyond the epidemic itself. The current COVID
pandemic has enough data to suggest that patients with
comorbidities have more severe infections and complications
and more than ninety percent of the case fatality or mortality
has been seen in patients with comorbidities(17). Unlike the
current system in place for treatment of comorbidities which
has a three month period between lab testing and
appointments with clinicians and any difficulty in between
this window is dealt with as an emergency visit, the connected
devices provide a more dynamic and comprehensive
understanding of these disease states by regular patient
engagement thereby presenting better results in real time.

5. CAN AI ACT AS AFIRST
RESPONDER IN EPIDEMICS?

Once the resources have been secured and the comorbidities
have been identified we can now take a look into using ML
systems as first line of defense against epidemics. Screening
of an epidemic using an Al system seems to be the most
logical way of going about, provided we can develop such
systems. The encroachment of smart devices into the private
lives of individuals can be used as an advantage as ML chat
bots or Al apps can be used to screen users with a proper
programs which can identify the symptoms by interacting
with the user(33). The use of NLP or Natural Language
Processing for screening, high risk identification and follow
up(4) opens up possibilities of being battle ready if, and when
the next epidemic strikes. NLP has been used extensively in
various Al systems including internet search engines, social
media, smart devices and smart apps in mobile devices. ML
through NLP has the potential to identify patients with
comorbidities but more importantly the Al system can be
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trained to identify symptoms by recording and analyzing
changes in voice pattern, breathing pattern and intervals,
cough intensity and pattern, and levels of dyspnea which can
be used as a potent tool to screen patients(34). The advantage
of these Al programs is that they have a baseline recording as
to when the user was normal and can pick up the subtle
changes which happen in the voice, cough and breathing
patterns especially in respiratory conditions(35) which can be
an invaluable source of information.  The additional
advantage of understanding variations of symptoms as in
home quarantined patients or people who have recovered with
doubts on reinfection/ reactivation through additional
recordings can be done by a competent Al system. There have
been efforts already to collect data in various Al initiatives
during the current pandemic whereby voice samples of
healthy and COVID infected patients have been collected for
recording and analysis of various parameters which can be
used for machine learning datasets(34). The voice samples
include parameters like breathing sounds (fast and slow),
phonation of sustained vowels, counting numbers at slow and
fast rates and the rate and quality of respiration which are
documented during the recording. The data set can be further
enriched by collecting metadata on the participant’s age,
gender, geographic location, current health status both
symptomatically and through lab diagnosis ( in diagnosed and
recovered patients), and presence of comorbidities(37) and
special conditions like pregnant women and children. Such
programs would aim at collecting data on the so called
‘infection prints’ from the voice samples which will be
recorded and used by ML, both for learning and testing before
the Al algorithm can be used in real life scenarios. When the
ML systems are fine-tuned with enough data the whole Al
system can be used as a web based/ smart app to detect and
screen cases after proper validation of the accuracy and
approval from competent authorities(37). The fact that these
are all ideas in an infant state which need consensus among
experts and competent authorities to become applicable reality
needs to be understood by all involved and hence the time
sensitivity of the discussion as we are still in the middle of the
epidemic.

6. HOW FEASIBLE IS ML AS A FIRST
RESPONDER AND ITS
LIMITATIONS:

Al systems in the present age have the scope of becoming a
game changer, especially in cases of infectious and contagious
diseases given their ability to understand patterns and
associations(37) when provided with good enough data sets.
The evidence bases about the current pandemic are only being
published and hence the process will need constant revisiting
and retesting of the current hypothesis in hand. The bright
side of this exercise is that once general rules, consensus and
dictums have been finalized for epidemics/ pandemics
through competent authorities the process of building a ML
algorithm as the first line of defense against pandemics is only
a matter of time. While clinicians and HCWs are waging their
battles against this dreaded pathogen the infrastructure and
planning to win the war against future epidemics should be
laid as soon as possible. There is no bad feeling for a
physician than to realize that they are losing their patients
despite their best efforts and in these cases risking their own
life doesn’t seem to make much of a difference. The greatest
advantage of an Al system is its accessibility to everyone(39),
unlike hospitals whose services come at a premium price, be it
to the governments, insurance companies or patients. The very
fact that Al systems can go on to eliminate the necessity of
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hospitals(28), which have traditionally worked as an interface
between physicians, healthcare workers and patients for
obtaining appropriate care opens up a variety of opportunities.
Realization of the fact that this interface is unnecessary until
any intervention is planned needs to be the prime point of
focus especially when dealing with contagious diseases,
especially self-limiting ones(9). New cases can be screened by
the above mentioned method which unlike the present system
keeps adding to the already present data, a continuous
learning process(40) which is analyzed by ML systems thus
making better diagnosis by pattern recognition as time goes
by. The initial assessment if relevant enough could be used to
make decisions on admissions/ stepping up or stepping down
care, in accordance to the prognosis of individual cases.
Identification and tracking the progress of high risk patients
can be done remotely by Al systems with the help of
connected devices and active patient participation(41). Mildly
symptomatic patients can be monitored on a daily basis by Al
systems once they have been diagnosed either clinically or by
serological testing allowing the ML system to understand the
patterns from data from millions of patients and thereby
taking an informed decision with active patient involvement
on the interventions needed. Follow up of patients along with
vigilance for complications can be done with the help of these
systems with a level of thoroughness which is not available
with the current interactive systems.

ML learning for all its advantages does have a learning curve
which depends on the input provided by the data, hence the
importance of validated and accurate datasets(42). The issue
of opacity has always been the ethical problem which can be
overcome by self-supervised and reinforced learning
system(43). Looking for rationalization and justification from
an effective system would be the last thing in the mind of the
authorities given the experiences we are having during this
pandemic, and letting such debates take a toll on mortality on
both patients and HCWSs needs to be balanced with the
benefits of the systems The biggest and most imminent
limitation is the inability to use ML systems during the current
epidemic due to a lack of big data on the same(44). Making
this problem an opportunity to collect as much data as
possible and then analyze them to validate the clinical
findings would make the world ready for the next
epidemic(45). Systems need to be put in place for data
collection; analysis and constant improvements of the Al
systems and algorithms need to be established as a proactive
systemic process. The understanding of collecting veracious
data and making an Al system which would use various
processes like self-supervised learning, deep neural networks,
inductive logic programming, explanation-based learning,
utilizing difficult algorithms like natural language processing
and decision trees(46) needs a proper moral and ethical
framework which seems to be the most important need for the
integration of ML systems into the present healthcare system.
If properly planned and executed this model can indeed work
as a lean model which is very effective and accurate given its
limitations, especially in cases of epidemics and disasters. All
biases including machine bias(47) and security of the whole
system from cyber threats need to be considered as limitations
of Al in general.

7. TRANSLATION OF ML LEARNING

FROM OTHER FIELDS TO
CONTROL OF EPIDEMICS:

ML learning has been the focal point of much debate as the
future of healthcare lies in a delicate balance with constant
reminders on the need for upgrade through unfortunate
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disasters as the COVID pandemic. The use of virtual
assistants or chat bots has been used in answering questions,
understanding the severity of diseases like asthma and
COPD(48) through patient interaction along with the ability to
call emergency services on behalf of patients citing exact
details and location. Virtual assistants can interpret the syntax,
semantics, and tone of the conversation to check for signs of
mental or emotional health concerns(49). There are Al
systems in place which have been able to use NLP to
understand the chances of suicides through ML in cases of
depression, which is a very positive development(50). We are
looking at a future where NLP would recognize personal
pattern changes in voice in early detection of hoarseness of
voice associated with occult carcinomas of the head, neck and
thorax. Connected devices can provide support for caregivers
and healthcare professionals to keep people out of hospitals,
keep track of the comorbidities and reduce their visits to the
doctor(46) especially in cases of epidemics. The combination
of connected devices, apps, and virtual assistants make the
home smarter and more conducive to screening and follow up
of patients, ensuring the healthcare providers are constantly
updated with patient conditions while empowering the
patient(51). People with long-term conditions and the aging
typically need increased diagnostic tests. Instead of turning up
to a clinic or hospital to have urine and blood tests conducted,
smart sensors in portable devices allow the test to be
conducted in the comfort of the user’s home(52). Results can
then be wirelessly shared to their healthcare team as tests for
cholesterol, cardiac function, HbAlc, fasting blood glucose,
vitamin D levels, and insulin improve the convenience of
performing repeated diagnostic tests, enabling quicker
treatment, reducing the risk of complications, and hence
reduction in avoidable healthcare spending. The translation of
the same in the screening and follow up of patients during a
pandemic can only result in effective curbing of the disease.
As the database and evidence base expands, so too do the
application of connected or wearable devices in detecting
signs of disease(52). Digital therapeutics, or digital health, is
an enhanced form of telemedicine that brings together digital
and genomic technologies with health, lifestyle, and human
factors to deliver personalized medicine to patients, enhancing
the efficiency of healthcare delivery(53). Consultations
through Skype or other video-conferencing facilities, EHRs
remote monitoring, digital health education, and transmission
of scans or images through telemedicine platforms, are all
considered part of telemedicine(54). As the cost for virtual
and merged reality devices becomes more affordable, virtual
appointments will become commonplace, rather than a
necessity as witnessed during the COVID pandemic(55).
Virtual appointments will remove the inconvenience of
attending a clinic, saving time, environmental resources and
focusing healthcare professional time to where required,
which when combined with the thoroughness of ML systems
would be the best shot we have in cases of future epidemics.
Virtual appointments will become as familiar as webinars,
enabling stakeholders to be present without traveling and the
present pandemic has already provided us with glimpses of
what actually can be done and maybe this is where the future
of efficient, lean and more convenient healthcare system
lies(46).

8. CONCLUSION

Al systems and machine learning algorithms are indeed the
future of efficient, lean and proactive healthcare systems. The
current COVID pandemic has provided invaluable lessons on
how this precious resource can be used and perhaps has
provided a jumpstart to exploring various applications of Al
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in medicine. Use of ML systems seems to be the next logical
step, at least in cases of epidemics and infectious diseases
where the screening, diagnosis and follow up of patients
without wasting and risking precious resources and protecting
HCWs seems to be the path ahead in improving quality of
care, clinical outcomes and patient engagement.
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