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ABSTRACT

Background: The COVID-19 pandemic in India has become the biggest public health
challenge. If we go by the number of confirmed cases and casualties, the situation seems to
be a matter of grave concern. The lock-down measures and social-distancing practices have
played an important role in impeding the spread of COVID-19. However, accurate forecasting
is required to prepare the healthcare-system for future plan-of-action. Objectives: The present
study aims to predict the trends in the outbreak of COVID-19 in India, by forecasting on the
basis of publicly-available data. Methods: The data has been obtained from https://www.
covid19india.org, https://www.worldometers.info/coronavirus and ICMR reported publicly-
available information on COVID-19. The number of confirmed cases are growing exponentially
as per the real-time-data. For forecasting the trends in terms of confirmed, active, recovered,
and death cases by using the autoregressive-integrated-moving-averages (ARIMA) model.
Results: Findings reveal the estimated value of the point-forecast for total confirmed, active,
recovered, and death cases. Estimates indicate that the total confirmed cases were increasing
at the rate of 3.48%, active cases at 2.92%, recovered cases at 4.09% and death cases at the
rate of 3.51% daily across the country. It was also observed that the death rate was lower for
the states and union territories with a higher detection rate. Conclusion: Substantial public
health interventions were implemented immediately by the Government of India to control
the spread of COVID-19. Due to the shortage of healthcare resources in the country, early
detection is imperative along with accurate forecasting. It will help in reducing the associated
cost of acute care for the majority of infected cases and unnecessary burden on the healthcare

system.

Key words: Coronavirus Disease (COVID-19), Forecasting, ARIMA, Public-health,

Emergency-preparedness, India.

INTRODUCTION

A larger number of individuals and animals have been
affected worldwide over the past two decades with
three epidemics caused by the family of coronavirus
(Severe Acute Respiratory Syndrome (SARS)-2003,
Middle East Respiratory Syndrome (MERS)-2012
and Coronavirus Disease (COVID-19).1* However,
significant genetic variations have been recorded
among the pathogens of these three epidemics,
especially between MERS and COVID-19.* Initially
the Middle East, Saudi Arabia and China*® were
the hotspots for these epidemics where animals to
human transmission cases were recorded. Later, these
pathogens were transmitted from human to human in
other countries. The outbreak of COVID-19 was first
reported from Wuhan, China in December, 2019.” In
March, 2020 it was declared as a pandemic by WHO
due to huge upsurge in the number of reported cases
for COVID-19 as compared to SARS and MERS.

The common symptoms associated with COVD-19
are; fever, tiredness and dry cough. Some people have
also experienced symptoms such as nasal congestion,
running nose, body pain, sore throat, cough and

diarrhoea, which are quite similar to the common
cold conditions. A pooled analysis of 181 confirmed
cases of COVID-19® estimated the mean incubation
period to be between 5.1 to 11.5 days. The majority
of COVID-19 patients have a self-limiting infection
and they do recover over time. However, in severe
cases, about 10% of these infected cases may require
admission in the intensive care units (ICUs) and
some of them may also die.

The elderly population, people with lower immunity
and with prior medical conditions are more prone
to COVID-19. As per WHO, the majority of the
casualties have occurred among the older age
population, or people with at least one comorbidity;
particularly cardiovascular diseases/hypertension,
diabetes and other chronic underlying conditions.
Though the other segment of the population is not
invincible and people who are practicing even social
distancing (1 meter or 3 feet) or self-quarantine need
to follow a healthy lifestyle. Practicing good sanitary
habits such as washing the hands frequently, avoiding
repeated contact with face, nose and mouth can
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also help in avoiding the infection. There are two important stages of
COVID-19 i.e. stage II and III. In stage II, the transmission takes place
due to interaction with infected individuals, while in stage III, there is
community spread.’

The first case of the COVID-19 in India was reported in January 2020.
Being the second-largest populated country with resource constraints,
the case detection for COVID-19 was initially low.'*!! There were also
variations in the predicted estimates of total infected cases. On March 22,
2020, a fourteen hour voluntary public curfew was observed throughout
India which was later followed by the lockdown of 75 districts from where
any confirmed cases have been reported. The country has introduced the
first phase of complete lockdown for 21 days amidst rapidly increasing
confirmed cases on March 24, 2020, to control the sustained risk of
further spread across the nation. All educational institutions have been
closed and tourist visas have been cancelled. All modes of transportation
and the majority of commercial establishments have been also shut
down to avoid the spread. However, the country has further extended
the lockdowns for the second and third phases as well.

As per the available data from the Ministry of Health and Family
Welfare (MoHFW), the country has a total of 47480 confirmed cases,
along with 24385 recoveries and 2415 deaths on May 13, 2020 (MoHFW
COVID-19)."*" According to real-time data, confirmed COVID-19
cases are growing exponentially. As our healthcare system is preparing
itself for its biggest battle to treat the infected cases, accurate forecasting’s
can guide us to prepare the future strategies to manage the existing and
expected number of cases. This forecasting dissemination can play a
crucial role in briefing the governments and healthcare professionals
regarding the measures to implement for better adherence among
the public. The publicly available data has been used for the present
study to estimate the predicted cases across the country by using the
autoregressive-integrated-moving-averages (ARIMA) model. We have
assumed that publically available daily case data is legitimate, except
reporting biases if any. The objective is not to attempt for meticulous
precision but to merely provide useful insights on the COVID-19
scenario in India.

MATERIALS AND METHODS

Present study has drawn the data from publicly available secondary
sources (https://www.covid19india.org; https://www.worldometers.info/
coronavirus/; Ministry of Health and Family Welfare (MoHFW) and
Indian Council of Medical Research (ICMR) reports) on COVID-19
confirmed, active, recovered and death cases.'>'* Based on the available
literature, the average duration between the onset of symptoms and in
the case where no recovery takes place, the death may occur in 14 days."?
Data was collected and analyzed from inception to May 9, 2020, by using
the ARIMA model. This model is one of the popular statistical methods
for time-series forecasting.'® The model uses the weighted averages
of most recently-existing past values in the series to forecast the new
values. However, as the observations get older (in time), the importance
of forecasted values gets exponentially smaller. A univariate time-series
model has been used to forecast the daily confirmed, active, recovered,
and death cases in India from May 10 to May 19, 2020. The pattern of
forecasted regressive curves were consistent with the actual values, hence
the fitted ARIMA model was acceptable for the non-seasonal data.'”!®

Steps to implement ARIMA are: first loading the data and pre-processing
it, along with making the time series stationary. Later, we determine the
d-value and create an auto-correlation function (ACF) and partial auto-
correlation function (PACF) plots. After determining the p and q values,
we fit the ARIMA model. Lastly, we predict the values on the validation
set and calculate the root mean square error (RMSE). However, ARIMA
makes the task easier as it eliminates the steps from 6 to 3, which were
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time-consuming. Steps for auto ARIMA are: Loading the data and pre-
processing it to fit the ARIMA model. Then we predict the values on the
validation set and calculate the RMSE.

The auto-regressive (AR) component ‘p’ represents the number of lags
used in the previous values of the regression equation for series Y. The
equation for the model is:

Y=c+@ Y, +D.Y, +e,

171 2712
Where the parameters of the model are &, and &,

The model components are given as follows where ‘d’ represents the
degree of differencing that s, d times differencing its current and previous
values in the series to stabilize when the assumption of stationary is not
fulfilled. A moving average (MA) is represented by ‘q’ which indicates the
order of number of terms included in the model and estimates the model
error by combining the previous error term(s) e,.

Y=c+0Ope +0e +.+ Gq e e
Non-seasonal ARIMA model components such as differencing, moving
averages and auto-regressive lags can be rewritten in the form of linear

equation as:

Y=c+tDe, +D,e, +.+0e,

Where Y, is Y-differenced ‘d ‘times and ‘¢’ is constant.

However certain limitations are associated with the ARIMA models,
such as its dependency on existing series of values to forecast the
projected constant series of estimated values, which requires a long and
stable series of data. Also, these models merely explain the approximated
historical patterns rather than providing any interpretation for the
underlying structure of data mechanisms. The R software (ARIMA
module) was used to analyze the data.”

RESULTS

Estimates from the present study reports that the total number of
COVID-19 cases in India could be approximately 94682 (95% CI:
87362.22, 102000.46) as on May 19, 2020. The predicted confirmed and
active cases from May 10 to May 19, 2020, are presented in Table 1. The
total confirmed cases will be increasing approximately at the rate of 3.48%
and active cases at the rate of 2.92% (62975; 95% CI: 55099.38, 70852.12)
daily, due to COVID-19. For recovered cases, the rate of increase will be
at 4.09% (31774; 95% CI: 28834.37, 34714.30) and for death cases, it will
increase at 3.51% (3183; 95% CI: 2852.86, 3513.44) (Table 2).

The number of confirmed and active cases of COVID-19 are depicted by
Figure 1(a) and 1(b). The red colour curve indicates the cases from March
11, 2020, to May 9, 2020, based on the actual data for the confirmed and
active cases. This data has been used as a base for predicting the number
of confirmed and active cases in India, which was portrayed via the blue
colour trend line i.e. predicted region. It is predicting the number of
confirmed and active cases from May 10 to May 19, 2020 in India. As per
the predictions, the count of confirmed and active cases in India will fall
in the predicted region. Here, Y-axis represents the number of confirmed
cases and X-axis represents the days from March 11, 2020, to May 19,
2020. Similarly, recovered and death cases were depicted in Figure 2(a)
and 2(b).

DISCUSSION

The COVID-19 pandemic in India has become a public health threat and
as per the forecasts, the situation seems to be a matter of serious concern.
This novel virus represents a tremendous challenge for the public health
scenario in India, as neither, we have a vaccine nor we have a medication
to treat this virus. The present study emphasizes that accuracy in the
forecasting’s will not only help in timely detection and required care,

+J e +e
q t-q t
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Table 1: Forecasting estimates of confirmed and active cases from the ARIMA method.

Date

10 May 2020
11 May 2020
12 May 2020
13 May 2020
14 May 2020
15 May 2020
16 May 2020
17 May 2020
18 May 2020
19 May 2020

Confirmed cases

Point
estimate

66025.82
69196.07
72387.91
75569.95
78756.44
81940.91
85126.29
88311.27
91496.42
94681.50

Active cases

95% confidence intervals Point 95% confidence intervals
estimate
65506.97 66544.66 46874.00 45568.22 48179.78
68240.64 70151.50 48637.84 46180.50 50465.17
70859.85 73915.96 50445.14 48018.32 52871.96
73404.54 77735.36 52226.32 49157.41 55295.23
75876.91 81635.96 54023.20 50257.46 57788.95
78285.43 85596.39 55810.65 51305.59 60315.70
80634.58 89618.01 57603.76 52314.58 62892.94
82928.39 93694.14 59393.47 53280.44 65506.50
85170.14 97822.71 61185.22 54208.93 68161.52
87362.53 102000.46 62975.75 55099.38 70852.12

Table 2: Forecasting estimates of recovered and death cases from the ARIMA method.

Date Recovered cases Death cases
Point 95% confidence intervals Point 95% confidence intervals
estimate estimate
10 May 2020 20531.92 20352.03 20711.81 2209.21 2176.74 2241.69
11 May 2020 21781.07 21486.31 22075.84 2317.43 2260.60 2374.26
12 May 2020 23030.23 22536.55 23523.92 2425.65 2342.42 2508.87
13 May 2020 24279.39 23533.94 25024.84 2533.86 2421.86 2645.86
14 May 2020 25528.55 24491.42 26565.67 2642.08 2498.94 2785.21
15 May 2020 26777.70 25415.23 28140.17 2750.29 2573.78 2926.79
16 May 2020 28026.02 26309.12 29744.60 2858.51 2646.50 3070.51
17 May 2020 29276.02 27175.70 31376.34 2966.72 2717.19 3216.25
18 May 2020 30525.18 28016.92 33033.43 3074.93 2785.95 3363.92
19 May 2020 31774.33 28834.37 34714.30 3183.15 2852.86 3513.44
recovered cases forecast from ARIMA(1,2.0) death cases farecast from ARIMA( 2.0)
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(a) Recovered cases

(b) Death cases

Figure 1: Forecasting estimates of recovered and death cases through the ARIMA method.

but also to reduce the associated cost of providing critical care to these  approximately tallying with actual Figures with some minor variation.
patients and overcrowding of the limited healthcare resources.

These estimates may guide us for improved and high detection rates,

The estimated forecasts from the present study have been cross-verified ~which may enhance the testing capacity of the country which is
with the actual cases reported on May 10-11, 2020 and they were essentially required. Late detection may put the cases in a greater need for
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Figure 2: Forecasting estimates of confirmed and active cases through the ARIMA method.

ventilation and ICU care, which imposes a significant economic burden
on the healthcare system.? It was also observed that there is a need for
the study based on the clinical characteristics of the deceased due to
COVID-19 to help the epidemiologists and public health practitioners
to address the concerns more effectively. As per the available literature,
the health care workers have also reported contracting the disease and
some have died also. These people are working in challenging conditions,
with fewer resources.?* They need to be supported with adequate
training and resources, therefore the preparations of the health facilities,
equipped with adequate resources are a must for creating a conducive
environment for health professionals to work efficiently. These challenges
can be addressed to a large extent if we can estimate the growth of
future cases accurately by forecasting.” It will not only help the health
professional but also strengthen the readiness of the healthcare system
and administrative officials to make suitable decisions.

Rapid assessments and clinical trials are also critical to control the
risk and to ensure efficient utilization of the available resources. No
doubt, substantial public health interventions have been immediately
implemented by the Government of India; there is a need for improved
preparedness plans and mitigation strategies for rapid deployment. The
delay in required actions often converts a manageable health emergency
condition into a miserably overburdened healthcare system.*?
Ultimately, people have to understand the severity of the disease and
respect these restrictions implemented by the government in terms
of lockdown and other restrictions to help in reducing the growth
of further infections. As the spread of the disease is getting severe, it’s
important to protect yourself and your families and most importantly
your community as an act of solidarity.
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