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Abstract: There is limited information on the epidemiology and the effects of mitigation measures on the spread of 

COVID-19 in Nepal. Using publicly available databases, we analyzed the epidemiological trend, the people's movement 

trends at different intervals across different categories of places and evaluated implications of social mobility on COVID-

19. We also estimated the epidemic peak. As of June 9, 2020, Provinces 2 and 5 have most of the cases. People between 15

and 54 years are vulnerable to becoming infected, and more males than females are affected. The cases are growing 

exponentially. The growth rate of 0.13 and >1 reproduction numbers (R0) over time (median: 1.48; minimum: 0.58, and 

maximum: 3.71) confirms this trend. The case doubling time is five days. Google's community mobility data suggest that 

people strictly followed social distancing measures for one month after the lockdown. By around the 4 th week of April, the 

individual's movement started rising, and social contacts increased. The number of cases peaked on May 12, with 83 

confirmed cases in one day. The Susceptible-Exposed-Infectious-Removed (SEIR) model suggests that the epidemic will 

peak approximately on day 41 (July 21, 2020), and start to plateau after day 80. To contain the spread of the virus, people 

should maintain social distancing. The Government needs to continue active surveillance, more PCR-based testing, case 

detection, contact tracing, isolation, and quarantine. The Government should also provide financial support and safety-nets 

to the citizen to limit the impact of COVID-19. 

Keywords: COVID-19, novel coronavirus (nCoV-2), reproduction number, SEIR model 

;f/f+zM g]kfndf sf]le8–!( sf] k|;f/0f, k|efj / /f]syfdsf pkfox?sf] jf/]df ;Lldt hfgsf/L /x]sf] kfOG5\. of] cWoog g]kfndf 

sf]le8-!( ;+u ;Dalwt ;fj{hlgs ¿kdf pknAw 8f6fa]; / j]a;fO{6x¿sf] k|of]u u/]/ ePsf] xf] . oxfF sf]le8–!( sf] ljleGg 

:yfgx¿df ;dosf] cGt/fndf b]lvPsf] k|j[lQ tyf dflgzx?sf] ;fdflhs ultzLntf cg';f/ sf]le8–!( df b]lvPsf k|efjx?sf] 

d"Nofsg ul/Psf] 5 . ;fy} g]kfndf clwstd dxfdf/Lsf] cjlwsf] jf/]df klg ljZn]if0f ul/Psf] 5 . h"g (, @)@) ;Dd, k|b]z g+ 

@ / % df w]/} la/fldx? b]lvPsf 5g\ . !% b]lv %$ jif{sf JolQmx¿ sf]le8–!( jf6 x'g] ;+qmd0fsf] pRr hf]lvddf 5g\ . dlxnf 

eGbf k'?ifx¿ a9L k|efljt ePsf 5g\ . g]kfndf sf]le8–!( sf la/fdLx? ;+Vof al9/x]sf 5 . sf]le8–!( sf] j[l4 b/ )=!#, / 

;do;Fu} k|hgg ;+Vof (R0) sf] dfg ! eGbf al9 -dWo:yM !=$*Ù Go"gtdM )=**, / clwstdM #=&!_ /x]sf] 5 . h;n] sf]le8–!(

sf] ;+qmd0f x'g] k|j[lQnfO{ k'li6 ub{5. la/fdLx? bf]Aa/ x'g] cGt/fn kfFr lbgsf] /x]sf] 5 . Google’s community mobility data

sf] cg';f/, dflg;x?n] ns8fpgsf] Ps dlxgf ;Dd s8fO{sf;fy ;fdflhs b"/L sfod ul/Psf] b]lvof] . clk|nsf] t];|f] xKtf b]lv 

dflg;x?sf] lx8\g] qmd / ;fdflhs ;Dks{ al9/x]sf] b]lvPsf] 5 . bf]>f] clwstd ;+qmd0f d] !@ df ePsf] b]lvG5 . pQm ldltdf 

*# j6f sf]le8–!( gof lj/fdLx? k'li6 ePsf lyP . Susceptible-Exposed-Infectious-Removed (SEIR) df]8]nsf cg';f/,

nueu $! lbgdf -h'nfO{ @!, @)@)_ ;+qmd0f clwstd x'g]5 / of] *) lbg ;Dd sfod /xL/xg]5 . gf]e]n sf]/f]gfefO/; 

(nCoV-2) sf] k|;f/0f /f]Sgsf nflu ;fdflhs b"/L sfod ug{' clgjfo{ 5. ;/sf/n] ;lqmo lgu/fgL, kL;Lcf/–cfwfl/t k/LIf0f, 

s];kQf nufpg] -case detection_, sG6\ofS6 6«]l;+u -contact tracing_ ug]{, sf]le8–!( sf lj/fdLx? nfO cnUuf} /fvg] -

isolation_ / Sjf/]G6fOgsf] ;+Vof a9fpg] h:tf pkfox? nfO lg/Gt/tf lbg' cfjZos 5. sf]le8–!( sf] k|efj nfO lgoGq0f ug{ 

;/sf/n] gful/sx?nfO{ ljQLo ;xfotf k|bfg ug{'sf ;fy} / hg r]tgf hufpg' cfjZos b]lvG5 . 

* Corresponding author, E-mail: amodpokhrel@gmail.com; Tel.: +1-510-847-1243

© RECAST/TU 

mailto:yadavjoshi@gmail.com
mailto:sopnilb@gmail.com


. 

16 

 

1. Introduction 

 COVID-19 is a disease caused by the novel 

coronavirus (nCoV-2) that spreads rapidly from 

person to person. It was officially reported on 

December 31, 2019, in Wuhan, Hubei Province, 

People's Republic of China (Li et al., 2020), and 

subsequently spread to many other countries with 

asynchronous patterns. On January 30, 2020, the 

outbreak was declared a Public Health Emergency of 

International Concern. On March 11, the World 

Health Organization (WHO) categorized it as a 

pandemic. A few weeks later, it affected over 100 

countries (Remuzzi 2020).  

 As of June 9, 2020, there are about 7,237,093 

cases around the world, and that 411,444 people 

have died worldwide due to COVID-19. In South 

Asia or SAARC region, which comprises of Nepal, 

India, Pakistan, Bangladesh, Bhutan, Sri Lanka, 

Maldives, and Afghanistan, the total confirmed 

COVID-19 cases have reached 301, 395, which is 

4% of the total global confirmed cases. 

 The earliest appearance of COVID-19 in Nepal 

was on January 24, 2020, in a 32-year-old Nepalese 

student of Wuhan University of Technology, 

Wuhan, China, who returned home on January 13 

with no previous history of comorbidities (Bastola et 

al., 2020). After that, the second case was confirmed 

on March 23 in a 19-year-old female Nepali student. 

She had traveled to Nepal from France via Qatar on 

March 17.  In the response of a total of about two 

COVID-19 positive cases, the Government of Nepal 

(GoN) imposed the first lockdown on March 23 to 

contain the spread of the coronavirus. Afterward, the 

infection started to increase rapidly, mostly in the 

provinces where districts are bordering with India, 

(NDRRMA, 2020a).  

 The GoN has implemented a series of directives 

concerning extraordinary interventions and public 

health guidelines to contain the virus. The stringent 

measures include lockdown, social distancing, and 

the shutdown of industrial and commercial 

activities. The schools and offices are also closed, 

and flights (domestic and international) have been 

canceled. Despite these measures, the number of 

confirmed cases is rising. Therefore, it is crucial to 

know if the actions taken are working, and if so, to 

what extent? Information, such as the people's 

movement, social interactions, the case growth rate, 

and doubling time, can help assess the situation and 

plan the steps needed to be taken to contain the 

spread of the virus. Besides, the quantification and 

assessment of transmissibility, such as the basic 

reproduction number (R0), could help design the 

public health responses. The R0 is the average 

number of secondary cases caused by the primary 

infected case. Many countries and public health 

agencies have used the R0 to understand infection 

transmission dynamics, design the responses, and 

assess intervention strategies (Bjørnstad, 2018; Yan 

et al., 2020; Mandal et al., 2020). The R0 number 

also helps to understand the required vaccination 

coverage to contain the disease or infection 

(Bjørnstad, 2018). The ideal R0 is less than one. The  

R0 <1 suggests that the pathogen will be 

unsuccessful in invading the population and causing 

an epidemic or pandemic. The R0 values changes 

after the introduction of control measures; therefore, 

estimation of R0 in real-time or R can help assess 

the transmission dynamics (Cori et al. 2013).  
  This paper aims to analyze the trend of COVID-

19 cases in Nepal and report the situation in terms of 

the epidemic curve, overall case growth rate, case 

doubling (or halving) time, and the time-varying 

reproduction number (R). It also aims to forecast the 

progression of the COVID-19 epidemic. Moreover, 

it reports the people's movement trends over time 

across different categories of places such as retail 

and recreation, groceries and pharmacies, parks, 

transit stations, workplaces, and residential areas, 

and its impact on driving up the COVID-19 cases. 

 

2. Materials and Methods 

2.1. Data 

  The trend analysis included data from January 24 

to June 9, 2020, obtained from publicly available 

databases and websites. The primary sources of data 

included the Center for Systems Science and 

Engineering (CSSE) at Johns Hopkins University 

(CSSE, 2020), Google's Community Mobility 

Reports on individual movement trend (Google, 

2020), the data from National Disaster Risk 

Reduction and Management Authority (NDRRMA), 

Ministry of Home Affairs, Government of Nepal 

(NDRRMA 2020b); and Wikipedia (Wikipedia, 

2020).  

 

2.2. Individual's movement trend 

 We used Google's Nepal Community Mobility 

data (on people's movement) to see how strictly 

people followed the shelter-in-place or social 

distancing measures. Google uses smartphone 

location data to publish reports about people's 

movement in an area. The mobility data are collected 

from Google users who have turned on the location 

history setting. 

2.3. Epidemic curve 

 The epidemic curve indicates the number of new 

cases over time (incidence). It was calculated (and 

visualized) using the CSSE (CSSE, 2020) and 

NDRRMA (NDRRMA, 2020b)  database. 
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2.4. Case growth trend 

 

2.4.1. General trend  

 

 To evaluate the COVID-19 case trend, the full 

data set was divided into pre- and post-lockdown 

subsets with a cut-off date of March 23, 2020. Then 

the post-lockdown data were analyzed to see if the 

cases are growing faster or slower than linearly 

(Figure 5). For this, a smooth trend line (using linear 

regression method) was plotted on the post-

lockdown cumulative number of COVID-19 cases. 

 

2.4.2. Exponential trend  

 A simple log-linear (exponential) model of the 

form log(y) =r*t+b was used to assess the incidence 

(exponential trend) of COVID-19 cases.  In the 

model, y is the incidence, r (the slope) is the growth 

rate, t is the number of days since the start of case 

reporting, and b is the intercept. The value of r was 

used to estimate the doubling or halving time of the 

epidemic. 

 

2.5. Case doubling time  

 The case growth rate and the doubling time of 

COVID-19 cases were estimated for two time 

periods: between March 23 and May 01, when strict 

social distancing was observed, and between May 01 

and June 09, when increased individuals mobilities 

were seen (Table 1). 

2.6. The time-varying reproduction number (R) 

 The method proposed by Cori et al. (2013) was 

used to estimate the R from the available incidence 

data. The serial distribution intervals are the time 

between the onset of symptoms in a primary case. 

The start of symptoms in secondary cases is a critical 

input for determining the R. To compute the serial 

interval, 3.96 days (95% CI 3.53-4.39 days) and SD 

4.75 days (95% CI 4.46-5.07 days) were used, as 

reported by Du et al. (2020). Similar approaches 

have been used by other authors to estimate R and to 

forecast the epidemic of COVID-19 (Mahmud, 

2020).  

2.7. Forecasting 

 We used the deterministic compartment 

(mathematical) model–Susceptible-Exposed-

Infectious-Removed (SEIR) (Bjørnstad, 2018) to 

estimate the spread of infection and forecast 

COVID-19 epidemic in Nepal. The dynamics of 

SEIR model can be described as ordinary differential 

equation (ODE) model, described by the following 

equation: 

dS/dt = mu - S * (beta * I + mu) 

dE/dt = dE = beta * S * I - E * (sigma + mu) 

dI/dt = dI = sigma * E - I * (gamma + mu) 

dR/dt = dR = gamma * I - mu * R 

● mu: Death rate (per day). 

● beta: The transmission rate. Reproduction number 

(R). 

● sigma: The infection rate. The rate at which an 

exposed person becomes infective. The average 

duration of incubation (latency). 

● gamma: The durations of infectiousness or the 

recovery rate. The average duration  

● of infection determines the recovery rate. 

● S: The susceptible individual but not infected at 

time t. This is the total at-risk population, who may 

contract the COVID-19. 

● E: Number of populations exposed to viruses or 

infected but not yet infectious. 

● I: Number of infected individuals who can spread 

the disease through contact with susceptible 

● R: Number of recovered individuals, who have 

gained the immunity or died due to the disease. 

● N: Nepal's total estimated population in 2020. 

 

2.8. Model assumptions  

 We made the following assumptions and set the 

parameters for the model: 

● The population >15 years is susceptible (based on 

the current trend seen in Nepal). 

● The population is of a constant size. 

● mu = [(0.0064 x 29071791)/(29071791 x 365)]1 

● beta (Reproduction number or R) = coefficient of 

infection: 1.48 (median) 

● sigma=coefficient of latency: 1/5.2 days or 0.19 

(Li, 2020) 

● gamma =coefficient of recovery rate =1/14.5 = 

0.07 (Kramer, 2020) 

● S= population >15 years in Nepal (29071791 * 

0.70=20059536) (Statista, 2020)  

– S rate = (20059536/29071791= 0.69) 

● E= number of people tested for COVID-19 until 

June 09, 2020 = 272,489 (Kramer, 2020)  

– E rate = (272,489/29071791= 0.00937) 

● I= 4068 until June 09, 2020 

– I rate = (4068/29071791= 0.00013993) 

● R = 689 (recovered:674 + death:15) 

– R rate = (689/29071791 = 0.0000237) 

  All data were analyzed and visualized using the R 

software (R Core Team, 2020) and the following 

packages: tidyverse, ggplot2, tidy-covid19, 

incidence, magrittr, lubridate, EpiEstim, gridExtra, 

kableExtra, ggforce, dSolve. Microsoft Excel 

including the Microsoft Excel spreadsheet provided 

by Cori et al. (2013) was used to estimate the time 

varying reproduction number. 

  The "deSolve" package in R (R Core Team, 

2020) was used to solve SEIR ordinary differential 

 
1  Death rate, crude (per 1,000 people) in Nepal was reported at 
6.404 in 2017, according to the World Bank 
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equations (ODE). The time '0' on the SEIR model is 

June 10,2020 and time '90' is September 08, 2020. 

 

3. Results 

3.1. COVID-19 cases in Nepal 

  The first COVID-19 case was recorded on 

January 24, 2020, in Kathmandu. Since then, the 

cumulative and daily new confirmed cases are rising. 

Figure 1 and 1.1. show the trend, and the number of 

cumulative and new confirmed cases. The blue lines 

are smoothed conditional means, and the grey bands 

on them are the 95% confidence interval. 

3.2. COVID-19 cases by geographic location and, 

age, and sex in Nepal 

 As of June 09, 2020, there are 4068 active cases 

in 72 districts. Of the total cases, 584 (14%) 

individuals have been recovered. Out of the total 77 

districts, Kapilvastu and Rautahat have the highest 

number of active cases, 406 (18%) and 323 (14%). 

Both districts share a border with India. Moreover, 

most cases are confined in province 2 and 5 

(Figure 2). 

 

 

 
Figure 1. Current cumulative confirmed cases in Nepal 

 

 
Figure 1.1. Daily new confirmed cases in Nepal 
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Figure 2. Distribution of SARS-COV2 positive cases by province and gender 

 

3.3. Government's intervention to contain the 

virus and people's response 

 On March 23, the Government of Nepal (GoN) 

declared the country-wide lockdown. The analysis 

of Google's community mobility data suggests that 

people strictly followed the shelter-in-place and 

social distancing measures. They spent more time 

in the home. Visits to grocery stores, pharmacies 

and workplaces dropped dramatically. However, 

around the 4th week of April, individuals' outdoor 

movement started to increase (Figure 3). 

 

 

Figure 3. Percentage change in individual behaviors (% change relative to the baseline period 01/03/2020-2/06/2020) 
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3.4. The COVID-19 trend over time and after the 

lockdown 

  The data show that cases were slowly picking up 

after the lockdown, but there was an exponential 

growth after individuals' outdoor movement started 

to increase in May (Figure 4). The second wave of 

epidemic peaked on May 12, with 83 confirmed 

cases in one day.

 

 

Figure 4. Cumulative confirmed COVID-19 cases in Nepal 

 

 The current growth rate of COVID-19 cases in 

Nepal is higher than linear (Figure 5), which 

means it is growing exponentially (Figure 6).  

 There could be several reasons for the rise in 

COVID-19 cases. The three principal reasons could 

be connected to the Nepalese returning from 

countries affected by COVID-19, an increase in the 

rate of testing, and increased mobility of people, or 

loosening lockdown restrictions.
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Figure 5. Cumulative confirmed COVID-19 cases after lockdown 

 

 

Figure 6. COVID-19 daily incident cases in Nepal. Exponential growth of case after end of March, 2020 

 

 

3.5. COVID-19 case growth rate and doubling 

time 

Figures 7 and 7.1 show the growth trend for two 

time periods: between March 23 and May 01, when 

strict social distancing was observed, and between 

May 01 and June 09, when increased individuals 

mobilities were seen (Google mobility data). Table 

1 shows the estimated growth rate and doubling 

times. 

During the time window, when people strictly 

followed social distancing (March 23 and May 01), 

the case growth rate and doubling time were 0.03 

and about 22 days. The growth rate jumped to 0.13, 

and the doubling time reduced to 5 days between 

May 01 and June 09, when individuals' mobility 

increased, as seen in Figure 4 above. 

 

 

 
Figure 7. COVID-19 Growth rate in Nepal between 03/23 and 05/0102020 in long regression model 
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Figure 7.1.  COVID-19 growth rate in Nepal between 05/01/2020 and 06/09/2020 in long regression model 

 

 

Table 1. COVID-19 infection forecast for two scenarios 

Duration Growth rate (r) (95% 

CI) 

Doubling time in days (95% CI) 

03/23./2020 to 05/01/2020 0.03 (0.0008-0.0629) 22 (11-847) 

05/01/2020 to 06/09/2020 0.13 (0.095-0.165)  5 (4.21-7.27) 

 

 
 

Table 2. COVID-19 infection forecast for two scenarios 

 

Infection mode R or Beta= 1.48 

Infection peak Day 41- July 20, 2020 

Infection plateau Day 80- August 29, 2020 

Infection subside Day 90- September 08, 2020 
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3.6. The Effective Reproduction Number (R) 

 The effective reproduction number (R) is useful 

to assess how well public health interventions are 

working. Figure 8 shows the estimated R values 

over 78 days (March 24-June 01, 2020). The 

overall median R-value is 1.48 (SD:0.21), with a 

minimum of 0.58 and a maximum of 3.71, 

respectively. The median R-value of 1.48 suggests 

the outbreak is not yet under control. The R pattern 

in Figure 8 also shows a possible "second wave," 

but there are not enough cases to make a reliable 

assessment.  

3.7. Forecast of COVID-19 epidemic in Nepal 

3.7.1. Forecast assuming beta or reproduction 

number as 1.48 

 The SEIR model suggests that if the 

reproduction number remains at 1.48, then the 

epidemic will peak approximately on day 41- 

July 21, 2020, and infect about 12% of the 

population. The infection will plateau in 

approximately 80 days (Table 2 and Figure 

9). 

 

 
Figure 8. Effective reproduction of COVID-19 in Nepal 

 

 
Figure 9. Forecast of COVID-19 epidemic in Nepal with R=1.48 
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4. Discussion  

The analysis of publicly available data suggests that 

the growth rate of COVID-19 cases in Nepal is 

higher than linear, which means it is growing 

exponentially. The exponential growth trend 

indicates that Nepal has not contained the virus yet. 

The observed higher reproduction number and 

lower-case doubling time further confirms this 

trend. Google's community mobility data suggest 

that people strictly followed social distancing 

measures for one month. But after that, the 

individual's movement started rising, and social 

contacts increased. The second wave of epidemic 

peaked on May 12, with 83 confirmed cases in one 

day. The SEIR model forecasts that the COVID-19 

epidemic will peak approximately on day 41- July 

20, 2020 and start to plateau after day 80. If the 

strict virus containment measures are not taken, then 

there is a chance that 12% of susceptible people 

could be infected. 

 At present, the GoN is using rapid diagnostic 

antibody test kits (R.D.T.) to diagnose COVID-19 

cases. Until now, the GoN has tested about 272,489 

people (Worldometer, 2020). To compare these 

numbers, the Indian Government has tested 

4,916,116 people (Worldometer, 2020). `In both 

countries, most of the tests have been conducted 

using R.D.T. There are no publicly available data on 

the sensitivity and specificity of R.D.T. being used 

in Nepal. Variation of results of R.D.T. kits has 

been observed in many countries. Therefore, there is 

a possibility that R.D.T. could be missing many 

positive cases in Nepal. 

 The reverse transcription-polymerase chain 

reaction (rRT-PCR) is considered the gold standard 

of COVID-19 (SARS-COV2) detection. In some 

Indian states, people who tested positive in the rRT-

PCR have been found negative in the rapid test. In 

the state of Rajasthan, the correlation of results 

between rRT-PCR and rapid tests was 5.4%. Ideally, 

it should be 90%. Considering lower sensitivity, the 

Indian Council of Medical Research had once 

advised all states to halt the R.D.T-based testing for 

some time (Dey and Bagchi 2020). Compared with 

RT-PCR, the sensitivity and specificity of the 

R.D.T. are low. Therefore, it would be prudent to 

consider verifying and validating the accuracy of 

rapid test kits being deployed in many parts of the 

country. 

  There are many significant limitations to the 

present study and analysis. These are mainly related 

to assumptions used due to the scarcity of 

epidemiological data such as reproduction number 

and details on contact tracing from Nepal. This 

model could be refined with actual R values 

obtained from the contact tracing data being 

collected in Nepal. 

  

5. Conclusions 

 At present, there is no vaccine and promising 

drugs available to prevent or treat the COVID-19. 

Therefore, prevention is the best option we have, 

which can be done by breaking the transmission 

chain of the virus. The containment of the virus 

requires extraordinary efforts, trust, and cooperation 

from the Government and citizens. It also requires 

regional and international cooperation and 

assistance. To contain the spread of the virus and 

protect people from COVID-19, the Nepal 

government needs to continue shelter-in-place 

orders for some time, and increase active 

surveillance, more PCR based testing, case 

detection, contact tracing, isolation, and quarantine 

activities. The public health agencies and academic 

institutes in Nepal could also use the statistical and 

mathematical models to assess the situation and 

identify the strategies to control the spread of the 

virus and disease.  

  Prolongation of lockdown or shelter-in-place will 

cause severe economic loss to people, businesses, 

and industries. Therefore, the Government should 

consider introducing an economic stimulus package 

to provide safety nets to the citizens and small and 

medium enterprises. Citizens also need to support 

and cooperate by strictly following the social 

distancing measures to halt the spread of the virus. 
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