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INTRODUCTION

The worldwide pandemic recently reported from 
Wuhan, China is due to newly identified β-coronavirus 
and the disease caused by it is named as coronavirus 
disease 2019 (COVID-19) named by World Health 
Organization (WHO).1 This disease first noticed in China 
on 31  December (2019), spreads throughout the globe 
causing pandemic situation.2 Actually, coronaviruses are 
a group of  ribonucleic acid (RNA) viruses which are 
responsible for respiratory tract infections in humans and 
some other animals.3,4 In human beings, firstly the case of  
this virus appeared to a person who worked at South China 

Seafood market in Wuhan, China.5 This virus is genetically 
related to severe acute respiratory syndrome coronavirus 
(SARS-CoV) having higher reproduction rate. So, it has got 
official designation from the International Committee on 
Taxonomy of  Viruses (ICTV) as severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2).6

Coronaviruses are a family of  RNA viruses that belongs 
to coronaviridae family. This family is sub-divided into 4 
subgroups; alpha, beta, gamma and delta coronavirus. The 
first two are mainly found in mammals while others are 
in many birds.7-9 SARS-CoV has been detected in bats of  
China, Europe and Africa around 2002. Similarly, in 2012 
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a new type of  coronavirus, i.e., middle-east respiratory 
syndrome coronavirus (MERS-CoV) was reported. It has 
higher case fatality rate than SARS type coronavirus.10,11 
Many analysis showed that human coronavirus is most 
likely related to SARS-CoV that is found in bats. It was 
believed that SARS-CoV-2 was transmitted in human 
beings from bats. Though this virus is less pathogenic 
than SARS-CoV and MERS-CoV, it has high potential 
of  human-to-human transmission which is the most 
challenging issue of  COVID-19. 12

Coronavirus, one of  the largest among RNA viruses, 
has size ranging from 65-125 nanometer in diameter and 
26-32 kilobases in length.1,3,7 The major constituents of  
these viruses are proteins, lipids and single stranded RNA. 
Coronavirus has crown like spikes made of  proteins in its 
outermost surface which mediates coronavirus entry into 
the host cell.1,13,14 Many studies suggest that the patients 
of  COVID-19 have different symptoms. Most of  the 
individuals suffering from COVID-19 is found to have dry 
cough, fever, fatigue and breathing problems as reported by 
WHO.15 Besides this, other symptoms included by Center 
for Disease Control and Prevention are temporary loss 
of  sense of  smell, diarrhea, sore throat and headache.16 
COVID-19 spreads easily when healthy person comes into 
close contact with infectious person. It may transmit due 
to small droplets produced by infected person’s coughing/
sneezing, aerosol (containing virus) in air and contaminated 
surfaces.17,18

The most common techniques for the diagnosis of  
COVID-19 are rapid diagnosis test (RDT) and reverse 
transcriptase polymerase chain reaction (RT-PCR) test. 
Due to less accuracy of  RDT, RT-PCR is used for the 
confirmative test.19,20 Beside this, antigen test can be used 
at the point of  care. It is a biochemical test used to detect 
the presence of  a specific viral antigen.

Some of  the protective measures of  COVID-19 are to 
maintain physical distancing, wear mask in public places, 
avoid contact with others and wash hand frequently.21 If  we 
are able to maintain physical distancing, the transmission 
chain of  coronavirus can be broken.

In Nepal, the first confirmed case (a man) of  COVID-19 
was reported on 23 January, 2020. He was a PhD student 
at Wuhan University, China. He was kept in quarantine for 
8 days and found negative for COVID-19 on January 31. 
The second case (reported on 23 March) was a 19-years old 
girl who had returned from France. Since then, the disease 
spread gradually to others.22,23 Lockdown was applied in the 
country to control the spread of  COVID-19 starting from 
March 19, 2020 and government declared suspension of  
all educational classes by physical means, postponement 

of  examinations, halt of  government services, transport 
restriction and prohibiting the gathering of  more than 25 
people together.24 Nepal shares open border with India and 
there is no restriction to cross the border without passport. 
This became one of  the major reason for the spread of  
COVID-19 in Nepal. Likewise, many Nepalese work or 
go for higher education in different countries. Due to 
mobility of  people COVID-19 was spread in Nepal during 
first wave.25 The first confirmed case of  Nepal is also a 
first case of  South Asia. Most of  South Asian countries 
mainly focused on individuals arriving from the affected 
countries. Unfortunately, controlling them was not enough 
to control spread of  COVID-19.26 At the end of  first wave, 
there were 277461 confirmed cases out of  which 272851 
were recovered and 3031 were died of  COVID-19 in 
Nepal. After declining COVID-19 infection in Nepal for a 
few months, it started rising suddenly in the beginning of  
second wave. Since March 2021, an unexpected exponential 
growth in daily COVID-19 cases in India was reported. 
Many researches show that this is due to the spread of  
highly infectious double mutant variant of  SARS-CoV-2 
found in India named as delta-variant.27 Second wave of  
COVID-19 started in Nepal due to open border problem. 
Sampling analysis showed that about 97% of  the new cases 
were due to delta-variant. Due to highly transmittable and 
more lethal nature of  this delta-variant, the health condition 
of  the affected people became very critical as compared 
to the first wave of  COVID-19 so that the infection rate 
and mortality rate raised significantly.

As scientists are working on a number of  vaccines and 
drugs, many of  them are in clinical trial. Some vaccines were 
approved recently by WHO. The vaccination mobilizes our 
immune system against SARS-COV-2. The probability of  
being infected from COVID-19 was reported to reduce 
for the individuals who was injected two doses of  the 
vaccine.28 At present, all the countries have begun their 
vaccination program using a type of  vaccine developed 
from the biotechnological approaches.29 Due to emergence 
of  various new variants (B.1.1.7,30 B.1.617.2 27) of  SARS-
CoV-2, vaccine efficacy is reduced. For this reason, the 
global acceptability of  vaccine is limited. Even then 
vaccination increases the immunity to some extent thereby 
reducing the transmission risk and mortality rate. Since 
there is no particular treatment yet, the best way to study 
rise and fall of  COVID-19 cases is data modelling. The data 
modelling is widely used to predict the possible impact on 
the people from the trend line of  COVID-19 infection.

MATERIALS AND METHODS

Due to adverse effect of  COVID-19 in global health, 
it becomes a matter of  interest in the field of  research. 
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At present there are various modelling for the study of  
different disease with facilitating computational tools/
software.31 Currently, compartmental models are widely 
used for the study of  infectious disease. But large number 
of  assumptions reduces the scope of  such models.32 In the 
beginning, the increasing levels of  COVID-19 suggests that 
it has exponential tendency.33 Exponential function can 
only account for the growing nature. So, here we present 
an applied mathematical model, i.e. logistic model for the 
study of  COVID-19 cases in Nepal, which is based on 
the law of  population growth developed by Verhulst.34 
According to Verhlust, the rate to change of  population 
parameter N(t) is given by the differential equation

( )
1   
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logistic equation.
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Here, N(t) is cumulative number of  cases, c is the growth 
rate, k is the final size and t0 is time at point of  inflection 
after which logistic curve begins to be flat slowly. The 
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where Nj represents the actual cumulative confirmed cases, 


jN  is the predicted cumulative confirmed cases and N  is 
average cumulative confirmed cases. Its value lies between 
0 and 1. Greater the value of  R2 better will be the model.

The observed data for COVID-19 in Nepal were collected 
from the site of  Ministry of  Health and Population, 
Government of  Nepal.35 The complete data set of  the 
daily cases was collected from April 1 to May 31, 2021 
in order to study the second wave impact of  COVID-19 
in Nepal. The values of  four parameters (k, c, t0 and R2) 
defined in Equation 1 and 2 were calculated by using logistic 
regression tool of  Desmos Graphing Calculator 2021.

RESULTS

As of  31 May 2021, there have been 561302 confirmed 
cases of  COVID-19 with 106470 active cases, 447446 
recoveries and 7368 deaths out of  3057424 RT- PCR tests 
in Nepal. In the data collection period for second wave 
of  COVID-19, the comparison of  cumulative number 
of  confirmed cases, recoveries, deaths and active cases 

is as shown in Figure 1. It suggests that the curves for 
both confirmed and recovered cases are in rapid growth 
indicating a large number of  daily new confirmed cases 
as well as new recoveries. The curve for the death cases 
is found to be in lazy growth while comparing with other 
curves. This is because of  the number of  daily new deaths, 
which is increasing but in small manner. The curve for 
active cases is changing with time, i.e. at first it is increasing 
but after some time it remains same (neither increasing 
nor decreasing) and finally it begins to decrease. This 
changing behavior of  the curve for active cases is the direct 
consequence of  extension of  lockdown and changing 
number of  tests per day.

Second wave of  COVID-19 in Nepal started from the 
first week of  April, 2021. The daily infection rate was 
intensely increasing. One of  the major reason for this rapid 
growth of  new cases was previously removed lockdown 
and prohibition which were applied due to emergence of  
COVID-19 in Nepal. Second lockdown was implemented 
in many regions of  the country which were at higher risk 
starting from the last week of  April. Due to announcement 
of  lockdown many people started to return home. There 
were lack of  respect for social distancing. The disregard 
of  the strong advice against the public gatherings caused 
health risks. As a result, confirmed cases of  COVID-19 
infection were increased rapidly as reflected by the curve 
with increasing slope (Figure 1).

The fitted curve of  the logistic model (following equation 2) 
for cumulative confirmed cases of  second wave in Nepal is 
as shown in Figure 2. The observed COVID-19 cases are 
represented by dotted line while the predicted cases using 
logistic model is represented by solid line. It indicates that 
growth rate of  the total cases in Nepal resembles with that 
of  logistic curve.

Before April 2021, there were few confirmed cases (<100) 
per day. Towards the beginning of  April, the number of  
cases rapidly increases reaching about 500 new cases per 

Figure 1: Status of COVID-19 in Nepal from April 1 to May 31, 2021
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day. As the growth rate was large, the number of  daily 
cases reached around 5000 towards the end of  April, 
2021. Due to lack of  control in mobility of  people the 
situation get worst, indicated by 9000 new cases per day 
until mid-May. The major reasons are the negligence of  
the people and not implementation of  lockdown in the 
beginning of  second wave unlike to first wave. Further, 
the new delta (δ) variant of  SARS-COV-2 is found to be 
more strainful than other variants. This causes the impact 
of  second wave much higher than expected. These features 
are clearly observed as seen in the Figure 3. The logistic 
model shows a good fit (R2 = 0.99) with the observed 
confirmed cases of  COVID-19 in Nepal. In this model, as 
the saturation begins, the growth rate slows down and curve 
deviates from exponential growth. At this stage, the model 
is approximately linear in nature. Once the saturation get 
completes, growth of  the model stops forming horizontal 
asymptote and the corresponding value of  population gives 
rise to final size for COVID-19, which is known as carrying 
capacity of  the logistic model. This capacity depends on 
the variation of  number of  cases with time.

The coefficient of  determination represents an efficient 
relative association between observed cases and predicted 

cases by logistic model. The calculated parameters 
from logistic growth model are used to forecast cases 
of  COVID-19 in Nepal based on the present trend of  
increasing number of  cases. The maximum number of  
cases estimated at the end of  second wave was found to be 
307293 with 95% confidence interval. The estimated cases 
of  COVID-19 for Nepal are much less than the observed 
cases in highly affected countries like USA, Russia, India, 
Italy, France, Germany and Spain. For a developing country 
like Nepal, it is not easy to handle the estimated cases and to 
control the spread of  disease. If  the growth rate increases, 
the results may not be true and final size could be greater 
than the predicted one.

Figure  4 shows the estimated value of  cumulative 
confirmed cases of  COVID- 19 in Nepal by logistic model. 
The curve formed is sigmoid in nature as a characteristic 
feature of  logistic model. Also, the maximum number of  
daily new cases estimated by the application of  logistic 
model is 9951 by May 14 (44th day) which is the point of  
inflection for logistic model. After this, daily new cases 
begins to decrease, i.e. saturation begins and hence the 
curve starts to flatten indicating the decreasing infection 
rate of  COVID-19. In the Figure 4, the upper and lower 
limits of  95% confidence interval are represented by green 
and yellow colors respectively.

Figure 2: Fitting of COVID-19 cases in Nepal using logistic model

Figure 3: Comparison of first and second wave COVID-19 cases in 
Nepal

Figure 4: Application of logistic model to predict COVID-19 cases in 
Nepal

Figure 5: Fitting of COVID-19 death cases in Nepal using logistic model
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In Nepal, the first death due to COVID-19 was reported 
on May 16, 2020 nearly four months (114  days) after 
the appearance of  the first case. With the statistics of  
second wave, the number of  daily death cases are only 
few but was increasing day by day. As of  May 31 (2021), 
the estimated case fatality ratio was 1.53% which is larger 
than that for the first wave (1.09%) estimated at the end 
of  March, 2021. This ratio is used to assess the health care 
capacity of  a country or region in response to infectious 
disease. Not only for cumulative confirmed cases, but also 
for cumulative number of  deaths, logistic model can be 
used. The fitted curve of  logistic model (Equation 2) for 
cumulative deaths is as shown in Figure 5. The dotted line 
represents the observed deaths whereas solid line indicates 
predicted deaths by logistic model. The observed deaths 
and the predicted deaths by logistic model are in strong 
agreement with each other. This model is used to forecast 
number of  deaths due to COVID-19 in Nepal on the basis 
of  present infection rate. The final estimated size for death 
cases was found to be 4750 with 95% confidence interval 
limit. It estimates a maximum of  208 deaths per day. The 
calculated value of  coefficient of  determination R2 = 0.99 
suggests that there was a good fit between observed deaths 
and predicted deaths by logistic model.

DISCUSSION

Modelling and forecasting of  COVID-19 pandemic are 
very challenging task as it is caused due to newly found 
SARS-CoV-2 and its natural history, modes of  transmission 
and mutation are unknown. Our model is based on existing 
data and it is designed to fit development of  curve for the 
cases. Dash (2020), studied spread of  COVID-19 in Wuhan 
city and Hubei province, China using logistic model for 
the period of  January 29 to March 20, 2020. They fitted 
data for confirmed cases, deaths and recovered cases and 
found that the model fits data with R2 in between 0.85 to 
0.95 for all regions. This suggests that logistic model is an 
appropriate model for the study of  COVID-19. In our case, 
results are more accurate as indicated by greater value of  R2 
than their study.36 Jie et al., analyzed COVID-19 infection 
in China using three different mathematical models namely 
logistic model, Bertalanffy model and Gompertz model. 
Out of  these three models, they found that the fitting 
effect of  logistic model is the best one. The value of  R2 
they obtained is nearly same with our result.37 Nepal (2020) 
used Gompertz and logistic model for modelling of  the 
first wave of  COVID-19 in Nepal by analyzing data in the 
period January to October, 2020. He found that the logistic 
model is more appropriate than Gompertz model for the 
modelling of  COVID- 19 data in Nepal.38 The value of  R2 
and growth rate parameter calculated by his model were 
less than the finding of  our work. Torrealba-Rodriguez 

et al., used mathematical models (logistic, Gompertz) and 
computational model (Artificial Neural Network) for the 
study of  COVID-19 in Mexico. These three models fitted 
data well with R2 > 0.99 and is used to forecast the cases. In 
case of  logistic model, their growth rate parameter is nearly 
same as our model, but point of  inflection is too late than 
ours.39 Similarly, Attanayake et al., used phenomenological 
models (logistic, exponential, Gompertz and Weibull) for 
the modelling of  COVID-19 epidemics in Sri Lanka, Italy, 
USA and Hubei province of  China. For these countries, the 
logistic model resulted to strong fitting between observed 
and estimated cases with R2 greater than 0.98. 40

CONCLUSION

On the basis of  available data, we used a logistic model to 
estimate the COVID-19 cases and deaths in Nepal. The 
result of  modelling shows a good compatibility between 
estimated and observed cases with R2 = 0.99 for both 
confirmed cases and deaths. Thus, logistic model properly 
describes the growth in the number of  COVID-19 cases 
with time. As the second wave impact of  COVID-19 in 
Nepal, the estimated final size of  cumulative confirmed 
cases and deaths are 307293 and 4750, respectively with 
95% confidence interval. The point of  inflection from 
the logistic model predicts a maximum of  9951 daily new 
cases. If  the infection rate remains same, then situation 
will be under control. However, if  the infection rate is 
increased, Nepal’s health care system must be improved 
to deal with upcoming critical cases of  COVID-19. As the 
vaccination reduces spread of  COVID-19, it is necessary to 
distribute the approved vaccines in all parts of  the country 
equally. Further, to control the spread of  COVID-19, the 
transmission chain of  coronavirus must be broken by social 
distancing or any other means. Our predicted results from 
the model are under the precondition that the situation 
(such as prevention and control measures, testing order 
and social distancing strategies) remains same.
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