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Abstract

Amid the relentless spread of COVID-19 pandemic, India spiked to the fifth rank among
the nations on the daily increase of death toll during August 2020. In this scenario, the study
mainly focuses on appalling and unprecedented COVID-19 mortality in India. The most
adaptable epidemiological index for measuring the severity of the disease is Case Fatality
Rate (CFR) and is estimated using the Yoshikura method. The estimated CFR of 10 states in
India is compared along with the general formula of CFR and Kerala is found to be having
the least CFR of 0.40% indicating the least severity of disease. The steadily increasing
deaths in India are modelled using probability distributions such as Weibull, Gamma, and
Lognormal in order to obtain the best fitted model with the data. The study demonstrated
that the Gamma distribution is the best fitting probability model. Time-series modelling is
used to analyse the trend and forecasting pattern of mortality. The ARIMA model indicates
an ascending trend of death in upcoming days and this prescient model gives help to the
administrative authorities and medical personnel in health care service and infrastructure
arrangements in forthcoming days. The major mitigation step to resolve and restrain the
pandemic is vaccination.
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Introduction

In India, the spread of novel coronavirus has accelerated with new
cases and deaths being reported daily. Following the first confirmed
positive case reported in Kerala on January 30, the epidemic has
expanded its footprints in the country. As of August 6, COVID-19
counts proliferated in India, confirming 20, 25,423 cases and reporting
41653 deaths. According to the Ministry of Health and Family
Welfare, Maharashtra is the most affected state. It is expected to cross
one crore by the end of December in India.

On March 4, the WHO Director-General, Dr Tedros Adhanom
Ghebreyesus commented that 3.4% of COVID-19 cases have
died around the world. The COVID-19 pandemic has grown into a
major health crisis worldwide. Not only does it pose a huge threat
to public health but it also affects the social, economic and cultural
aspects. Health and social services are rapidly growing to address this
emergency.

Rapid viral transmission has also changed our lifestyle. Hence the
identification of the impact of SARS-coV-2 in our own lives is of
utmost importance. To understand the severity of the epidemic among
cases, a common epidemiological practice is to estimate the Case
Fatality Rate. This study speaks briefly about the CFR estimation
of the top 10 ranked states in the NITI Aayog Health Index. The
strategy utilized in acquiring the CFR is the Yoshikura technique.
The evaluated Yoshikura estimate is compared along with the general
equation of CFR to check the precision of the model. Also, in this
study, deaths based on the daily reported data are fitted to various
distributions in order to find the best fit model. Mathematical models
provide a quantitative framework to test hypotheses on the possible
underlying mechanisms that explain trends at various spatial and
temporal scales in the observed results. CFR is beneficial to find the
severity of COVID-19 calculated using cases and death. The small

fluctuation in the value of CFR is depicted through forecasting. In
this study, a time series model is developed and then employed for
forecasting future demise in India. The ARIMA model predicts the
likely development of pandemic.

Materials and methods

The COVID-19 dataset of India is collected from JHU-CSSE
(2020), the GitHub repository provided from March 12, 2020, to
July 31, 2020.The variables include confirmed cases, cured cases
and deaths. This data is further used to compare the mortality using
CFR and then to forecast and fit the COVID-19 deaths. In this paper,
the mortality rate of the pandemic of the first 10 ranked states in the
NITI aayog Health Index is compared. The states are Kerala, Andhra
Pradesh, Maharashtra, Gujarat, Punjab, Himachal Pradesh, Jammu
and Kashmir, Karnataka, Tamil Nadu and Telangana. Besides the
fatality it is of significance to incorporate measures such as Mortality
Rate (MR), and Recovery Rate (RR) which gives a better idea about
the strict measures and the care taken by health professionals in
preventing deaths due to COVID-19. Among these three measures,
CFR is the most significant marker for mirroring the infection severity
dependent on mortality.

Case fatality rate (CFR)

To recognize the severity of the infection, determine the effects of
public health measures and anticipate the probable number of deaths
in the population given the total number of people infected,it is of
utmost importance to measure the real time during the early stage of
an epidemic.* CFR is obtained as the proportion of cases of a specified
condition that are fatal within a specified time.

_ Number of death dueto COVID —19
Total number of cases of COVID —19

CFR 100 1)
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But this value is often known to be flawed, frequently
underestimating the actual CFR. The study is put forward to obtain a
precise estimate by employing the Yoshika method.

Yoshikura method for estimating CFR

Let X is the cumulative number of cases and Y is the cumulative
number of deaths respectively. Yoshikura method? involves the linear
relationship between log X and log Y and the model is represented as
follows

logY=FklogX + L 2)

The CFR can be expressed as
pNX/NOK/ X 3)

where, p” is the estimate.
N, = exp(fintercept/slape) 4)

The coefficient ‘k’ is the slope of the straight line and, N, is
the number of those confirmed cases that occurred before the first
pandemic related death. Hence, the CFR of the top 10 ranked states
is obtained. Thereby the states with most and least values of CFR
are obtained. The higher CFR value suggests a significant death
toll. In the case of COVID-19, the CFR acts as a better estimate
for understanding the outbreak and epidemiological features of the
disease, and thus get more ideas on the severity of disease.* Along
with CFR, certain measures such as Mortality rate(MR) and Recovery
rate(RR) are added that are helpful in comparison and gaining
knowledge of the states.

Mortality rate,

_ Number of deaths dueto COVID —19
Total Population

MR x100000

®)

Recovery rate

_ Number of peoplerecovered from COVID —19
Number of COVID —19 cases with outcome

RR

x 100 (6)
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Distribution modeling

In the next stage, the statistical distribution that best fits the
data of COVID-19 mortality in India is evaluated using the MLE
method. The first step is the choice of candidate distributions for
fitting distributions to the data. Henceforth histogram and empirical
distribution was plotted to check the normality and afterward the
data was obtained as right-skewed. In order to describe a distribution
among a set of parametric distributions, descriptive statistics is used
to choose candidates. Weibull, Gamma and Lognormal distributions
are chosen in order to find the best fitted distribution among them.
£(.16) (with parameter @ € R? ) was fitted to the data set, one at a
time, after selecting one or more parametric distributions .

Weibull distribution: The probability density function of a Weibull
random variable is:

k-1 [ x)f
£(x; Ak)= f(ij e( i) x>0 7)

A\

x<0

where k > 0 is the shape parameter and A > 0 is the scale parameter
of the distribution.®

Gamma distribution: The pdf of a Gamma random variable is:

f(xa,2)= Xl xe R (8)

I'(a)

Lognormal distribution: A positive random variable X is log-
normally distributed if the logarithm of X is normally distributed.”

Ln(X) ~N(u,0%) )

Distribution parameters were by default estimated by maximizing

the likelihood function defined as: L(8)=[]/(xi |6) according
i=1

to the i.i.d. sample assumption, where x;is the 7 observations of

variable X and f (\0) is the density function of the parametric

distribution. (Figure 1, Figure 2.1)
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Figure 2.1 Histogram and CDF plots of an empirical distribution fitted to the COVID-19 deaths in India.
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Four classical goodness-of-fit plots are plotted (Figure 2.2). These
plots helped to determine the best fit distribution. The maximum
goodness of fit estimation is done using Kolmogorov-Smirnov
statistic. A maximum log-likelihood value and lower AIC and BIC
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value is the criterion for finding the best fit among the distributions.
In this study, the AIC values of the three distributions are compared
and the distribution with the lowest AIC value was selected as the best
fitted model to the data.’
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Figure 2.2 Four goodness-of-fit plots for Weibull, Gamma and Lognormal distributions fitted to the COVID-19 deaths in India.

Time-series modelling

The trend and forecasting pattern of mortality of infection in India
due to COVID-19 is obtained using Time-series modelling. ARIMA
modelling is one of the best modelling techniques for forecasting a
time series.® The main aspect of time series analysis and modelling
is the consideration of autocorrelation. ARMA models combine
autocorrelation methods (AR) and moving averages (MA) with time-
dependent parameters. When differencing is included in the procedure,
it becomes ARIMA (p,d,q) or Box-Jenkins modelling where ‘p’ stands
for the order of auto-regression, ‘d’ signifies the degree of trend
difference and ‘q’ is the order of moving average.’

The ARMA (p,q) model is given by:
V=t @yt Doyt Payst o

The ARIMA (p,d,q) is given as
Vi=e+ O+ O 5+ O3 5+ ...

Where {y,} is the data of daily COVID-19 deaths in India and
@, D, ,..,0,0,..are coefficients and y’;is the differenced series, the
predictors on the right-hand side include both lagged values €, and
lagged errors.!” Here the model estimated by the automated process

has the lowest AIC value. The least value of AIC gives a more accurate
model with the best fit. The AIC is defined as,

AIC =-2(log likelihood ) +2K (12)

where K is the number of estimated model parameters.

After model estimation, diagnostic checking of the model is
conducted which involves residual analysis. The model adequacy
is primarily related to the assumption that residuals should be
independent and identically distributed (iid). Also, the residuals should

In this method, the time pattern changes after a specific point,
and is examined further to find out the nature of change and potential
causes. Box Jenkins modelling primarily includes the evaluation of
the stationarity of the data using Augmented Dickey Fuller test.'” The
existence of trend and periodicity would result in non-stationarity.
In order to remove these effects, the differencing stage is included
until the time series becomes stationary. Then ACF and PACF are
plotted which are useful in identifying and modelling patterns in time
series. When modelling is completed, the result will be summarized or
integrated to produce the estimations and forecast. The ARIMA model
is fitted to the resulting time series by using an automated process.

+ O,y ,+€-60€ - 6€,-..-0¢€._ (10
+ Oy, € GE 0,6 ,— .. — 0,€, (11)

be uncorrelated. They were examined by using the autocorrelation
function (ACF), Partial autocorrelation function (PACF), ADF test
and Ljung- Box test."!

The statistical analysis is done using R (version 4.0.0).

Results and discussion

Table 1 shown below represents the obtained values of MR, RR,
Crude CFR, and the Yoshikura estimate of CFR. The data required was
collected from March 12, 2020 to July 31, 2020. Kerala has the least
CFR of 0.40% indicating the least severity and Gujarat has the highest
CFR of 5.25% representing the acme of the epidemic. The states with
comparatively low CFR other than Kerala are Himachal Pradesh of,
0.49%. Maharashtra of, 4.21%is the state with comparatively high
CFR next to Gujarat. Kerala is one among the states with lowest
mortality rate of 0.218523.
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Table | The values obtained for MR, RR, Crude CFR,Yoshikura CFR
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State MR RR Crude CFR  Yoshikura CFR
Kerala 0.218523 55.14525 0.003091 0.004005
Andhra Pradesh 1.594925 45.32473 0.009574 0.011023
Maharashtra 13.34201 60.68398 0.035518 0.042129
Gujarat 4.037082 73.09483 0.039714 0.052504
Punjab 1.391325 66.59222 0.023946 0.016505
Himachal Pradesh 0.189377 56.94228 0.005071 0.004915
Jammu&Kashmir 2.618605 56.97388 0.017181 0.012515
Karnataka 3.795709 40.11522 0.018684 0.012521
Tamil Nadu 5.454139 74.82175 0.016005 0.010924
Telangana 1.474684 72.38569 0.008277 0.011227

For evaluating the statistical distribution that best fits the data, 142
daily data of India were taken from 12 Mar to July 31, 2020. All the
variables are summarized below using descriptive statistics. Table 2.1
reflects the descriptive statistics with a skewness and kurtosis of 2.1750
and 12.0926 respectively indicating the deviation from normality to
right skewed distribution. Figure 2.1 depicts the histogram and CDF
plot indicating the right skewed distribution graphically. Figure 2.2
portrays the goodness of fit plots of Weibull, Gamma and Lognormal
distributions. These plots helped in determining the best fit model.

Table 2.1 Descriptive statistics for the COVID-19 mortality in India

Table 2.2 demonstrates the estimate and standard error of the
unknown parameters of Weibull, Gamma and Lognormal distributions
along with the Log Likelihood, AIC and BIC values using the MLE
method. Hence, it is obtained that the Gamma distribution owns the
maximum Log likelihood value.

Table 2.3 reflects the goodness of fit using Kolmogorov-Smirnov
statistic. Henceforth the Gamma distribution is identified as the best
fit as it satisfied the criteria of having lower AIC value of 1786.985
when compared to others.

Data Min Max Median Mean Estimated S.D Estimated skewness Estimated kurtosis
Number of Deaths 0 2004 147 257.49 284.7241 2.175 12.0926
Table 2.2 Fit of various distributions for COVID-19 mortality in India using MLE method
Distributions Parameters Log likelihood AlC BIC
Estimate Std Error
Weibull shape 0.8038 0.0566 -891.493 1786.985 1792.81
scale 24].5887 26.9994
shape 0.6912 0.0631
Gamma -889.695 1783.389 1789.215
rate 0.0025 0.0002
mean log 4.7182 0.1498
Log normal -910.554 1825.108 1830.934
sdlog 1.7472 0.1059
Table 2.3 Goodness of fit comparison Hence from Table 2.2, shape parameter a = 0.6912 and rate
parameter A = 0.0025
Goodness-of-fit statistics C e . .
Therefore, the fitted Gamma distribution model is obtained as
Weibull Gamma Lognormal follows:
Kolmogorov-Smirnov _0.1584 —0.01526
statistic 0.0938 0.0877 0.1255 f(x,0,1) =0.026377 x~*13%e 0019207 ¢ R (14)
Goodness-of-fit criteria For forecasting the future COVID-19 death, the daily death of
Weibull Gamma Lognormal India.has been collécted from March-10 to July-31. The time series
data is analysed using the ARIMA model. Hereby using the Auto-
AIC 1786.985 1783.389 1825.108 ARIMA which builds high-performance models with least AIC value.
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ARIMA (0,1,1) with AIC value of 1709.94 is attained. The model is To forecast the future mortality of COVID-19 using the ARIMA
then evaluated by residual analysis. (Figure 3.1, Figure 3.2) (0,1,1) model and values are interpreted in Table 3.1 and the forecasted

plot is given as in Figure 3.3 indicating an increasing pattern of future

The fitted model of ARIMA (0,1,1) is given as:
Z,=Z, ,+ a,+0.8923q,_, (15)

demise.

Time-series plot of COVID-19 deaths in India
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Figure 3.1 Time series plot of COVID-19 Deaths in India.
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Table 3.1 Forecasted values of COVID-19 deaths from Aug |-Aug 10,2020
80% Confidence Interval 95% Confidence Interval
Date Forecast
Lower Limit Upper Limit Lower Limit Upper Limit
Aug | 760.622 553.2869 967.9571 443.5303 1077.714
Aug 2 766.6798 558.1451 975.2145 447.7534 1085.606
Aug 3 772.7376 563.0101 982.4651 451.987 1093.488
Aug 4 778.7954 567.8818 989.7089 456.2309 1101.36
Aug 5 784.8531 572.7602 996.9461 460.485 1109.221
Aug 6 790.9109 577.6451 1004.177 464.749 1117.073
Aug 7 796.9687 582.5364 1011.401 469.0228 1124915
Aug 8 803.0265 587.434 1018.619 473.3063 1132.747
Aug 9 809.0843 592.3379 1025.831 477.5993 1140.569
Aug 10 815.142 597.2478 1033.036 481.9016 1148.383
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Date Observed death Forecasted death Forecast error
Aug | 854 760.622 93.378
Aug 2 760 766.6798 -6.6798
Aug 3 806 772.7376 33.2624
Aug 4 849 778.7954 70.2046
Aug 5 919 784.8531 134.1469
Aug 6 899 790.9109 108.0891
Forecasts from ARIMA(0,1,1) with drift
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Figure 3.3 Forecast plot of COVID-19 mortality.

Conclusion

The patterns from the data reveal the prompt and effective
approaches being taken and to be taken to minimise the mortality of
the human population. This study mainly focuses on evaluating the
severity of COVID-19 in the top 10 ranked states listed in NITI Aayog
Health Index using Yoshikura estimate of CFR. Kerala has the least
CFR estimate of 0.40% and Maharashtra has the second most elevated
CFR estimate of 4.21%. Gujarat tops the list with higher CFR value of
5.25%.The Yoshikura CFR values corresponding to Maharashtra and
Gujarat doesn’t show much significant difference and thus it might
shift in like manner sooner rather than later. Since Kerala has the
least CFR, it can be presumed that the system including treatment,
infrastructure, awareness is more worthy than other states.

A demonstration based on the distribution of COVID-19 daily
deaths in India was done with Weibull, Gamma & Lognormal in order
to validate the best fitted model. Gamma distribution was obtained as
the best fitted distribution among the other distributions as it satisfied
the criteria of having lower AIC value of 1783.389. Here the estimated
shape parameter of Gamma distribution has a low value of 0.653
indicating the data as right skewed. The smaller the shape parameter,
the more the distribution tends to be skewed to the right suggesting
least probability of deaths. Therefore, if the shape parameter becomes
much smaller than the current, then there could be a possible decrease
in the probability of death even further. Hence in the present study,
the Gamma distribution indicates that the number of deaths is smaller
and could possibly be the same with appropriate stringent measures.

Forecasting future deaths to strengthen the measures for minimising
the death toll is a criterion to know the effect of an epidemic in the
near future. An estimate of future death on a daily basis is obtained
by employing the time series to propound mortality in India. An
ARIMA (0,1,1) model with low AIC value is obtained and is used to
forecast COVID-19 death. Based on the known number of deaths, an
increasing pattern of the predicted death is obtained. Even during the
restricted lock down period, it shows an increasing trend of demise

Time(in days)

which indicates that death risk won’t reduce for the next few months.
Forecasted values of future deaths are exceptionally vital to support
the medical authorities to be prepared for the upcoming events with
more readiness in the healthcare system.
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