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Abstract

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is one of the most devastating
outbreaks witnessed in the last 100 years causing a global health concern.At the beginning of a COVID-19
infection caused by the novel coronavirus (SARS-CoV-2), there is a period of time known as the latency
period. In order to epidemic progression many scientists have concentrated on calculating the average
number of secondary cases caused by a primary case in the susceptible population, which is referred as
basic reproductive number, Ro. In this paper, we have studied the effect of basic reproductive number
on the outbreak situation as well as comprehended the transmission pattern of COVID-19 globally. We
have analyzed several data of basic reproductive numbers to discuss and finally, capable of exhibiting
the prediction of this disease. Finally, comparison of reproductive numbers for several countries are
represented graphically for better understanding the present outbreak situation of pandemic, COVID-19.
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Introduction

The novel coronavirus (COVID-19), at first originated in Wuhan City, Hubei Province, China,
end of the December 2019 which is subsequently spread over most of the cities (continents)
of the countries in the world. On 12" December 2019, a pneumonia case of unknown etiology
was reported in Wuhan and thereby World Health Organization (WHO) was briefed that
this disease had been transmitted all over the world very fast due to its high infection rate.
Mysteriously, the impact of the disease is different in different countries. The COVID-19 has
been transmitting very fast to most of the countries over the world. Since the infected rate
of this virus is very high so we have focused on its effective reproductive number. The basic
reproductive number of an infectious agent is the average number of infections generated by
one case over the course of the infectious period, in a naive, uninfected population [1]. The
estimation of reproductive number depends on some methodological system, assumption on
parameters choice, considering time period. On the basis of the current dynamic transmission
of the novel coronavirus outbreaking situation, the reproductive rate is becoming high and
changing aberrantly. COVID-19 is a viral particle with single-stranded RNA belong to the order
of Nidovirales, family of Coronaviridae, and subfamily of Orthocoronavirinae [2]. This virus
can infect mammals including human and animals, causing infectious manifestations ranging
from common cold to more extreme respiratory, hepatic, enteric as well as neurological
symptoms [3].

By characterizing the severity spectrum, and how severity of symptoms relates to
infectiousness, will be critical for evaluating the feasibility of control and the likely public
health impact of this epidemic. The exhaustive outbreaks of SARS (Severe Acute Respiratory
Syndrome) and MERS (Middle East Respiratory Syndrome) outbreaks started in 2003
in China and Saudi Arabia and South Korea in 2012, respectively [4]. Furthermore, World
Health Organization reported that there were more than 8000 confirmed cases of SARS in 26
countries and more than 2200 confirmed cases of MERS in 27 countries [5]. Compared with
SARS, range of the outbreak of COVID-19 is much wider, and pandemic risk and transmission
rate are higher than that’s of SARS. As COVID-19’s reproductive number (R) is 2.9 which is
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much higher than recorded reproductive number (R) of SARS (1.77)
whereas, different COVID-19 studies show the basic reproduction
ranges between 2.6 to 4.71 [6]. The role of basic reproductive
number is very significant because this number offers the idea
about the potentiality and severity of the outbreaks which will be
conductive for identifying the critical information about the type of
disease interventions, contagion as well as intensity.

Materials and Methods

Firstly, we have focused on the daily reproductive number
(R-value) and then conducted a close comparison about the
transmissibility of the disease among the different countries
worldwide. The time frame was from 1% July 2020 to 14" July 2020.
Further, we have accumulated available data through internet as
well as popular public preprint servers (i.e., arXiv, bioRxiv, medRxiv,
SSRN). We have collected data sample of R value, generated by
Computer Science dept. at Beihang University, depending on their
individual daily temperature and relative humidity for highly
affected countries which are still in very contagious situation
(source: http://covid19-report.com/#/r-value). Wang et al. [7]
asserted that High temperature and humidity can be effective for
reducing the transmission of COVID-19 while augmenting 1°C
temperature and 1% relative humidity (RH) can reduce the R
value by 0.026 (95% CI [-0.0395, -0.0125]) and 0.0076 (95% CI
[-0.0108, -0.0045]), respectively [7]. Also, the same statistics of R
value for U. S. counties varies as 0.020 (95% CI [-0.0311, -0.0096])
and 0.0080 (95% CI [-0.0150, -0.0010]), respectively. We collected
daily reproductive number as well as represent those data values
for selected countries and considering the transmitting pattern of
coronavirus, we have classified our analysis into three categories:

a) where new cases are increasing, b) where new cases are same,
and c) where new cases are decreasing. Further, we revised the
previous publication of the relevant peer reviewed study on 18%
January, 2020 to 31" January, 2020 about the reproduction number
in Wuhan City, Mainland China where the presented data ranges
from 2.08 to 3.1 (95% credible interval, and so on). Finally, data
extraction was adopted to extract information from each article to
minimize the contradictory outcomes.

Result

COVID-19 has spread out so firstly through worldwide. By
using the three-day average temperature and relative humidity up
to and including the day the R value is measured since the World
Health Organization (WHO) reports that coronavirus carriers are
infectious 2 days before showing the pneumonia like symptoms.
Absolute humidity of air means the mass of water vapor per cubic
meter of air, relates to both temperature and relative humidity. In
Figure 1 show the daily variation of R value which is measured
based on temperature and relative humidity. We detect the
countries where new infectious cases are increasing and R value in
those country remain within the average range of 0.7-3.4 and shows
that the lowest limit is in Saudi Arabia and peak point is in China.
In Figure 1 have displayed the countries where new transmission
cases are almost same due to their closer R value. In this category,
Spain is holding the lowest transmission rate (0.48) whereas, the
highest transmission rate is 1.3 in Turkey. Apart from this, another
category includes in some countries where new infectious cases
are decreased where R values is almost under the range from
0.62 to 2.6. In addition, R value is becoming slightly increasing in
Switzerland after 10" June 2020 which is about 1.5.
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Figure 1: The scenarios representing the
and humidity of the respected countries.

the variations of R value considering “where new infectious cases are slightly increasing”,

corresponding change of the daily R value depending on temperature
In Figure 1(a), Figure 1(b) & Figure 1(c), we present the scenarios of

” .

where new infectious

cases are fluctuating”, and “where new infectious cases are decreasing”, respectively.
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Figure 2: This scenario represents the average absolute reproductive number, Ro, estimated by 10 different
studies about the COVID-19 transmissibility in Whan, China from 18 January to 31 January 2020. This inter-
active result shows that the outbreak situation is going to decreasing monotonically.

In Figure 2, illustrates the reproduction number which ranges
from 2.08 to 3.0 (95% CI, and so on) which is gradually increasing
from 18" January 2020 to 315 January 2020. Since high temperature
and high humidity is the effective reason for reducing the
transmission of COVID-19, so hopefully, in the summer season can
actively play an important role to reduce slightly the transmission
of the disease than in cold weather situation by diminishing the
man to man contact rate which are still important for blocking the
COVID-19 transmission.

Discussion

The third zoonotic human coronavirus of the century emerged
in December 2019, with a cluster of pneumonia like syndrome
originated in Wuhan city has not yet been effectively blocked.
The basic reproductive number of the disease transmission (R)
depends on several factors including climate conditions such as,
temperature and humidity [7], population density, medical service
[8,9]. Anyway, R have proportional relation with human to human
contact rate and their body defense system while varying their local
situation. As COVID-19 can be transmitted from person to person
through direct contact or by droplets released by an infected person
[6]. So, social distancing is very important and strictly maintain
for blocking the COVID-19 transmission [7]. The Estimation of
changes in transmission of disease over time, the epidemiologist
can provide new perceptions into the existing situation [10] while
identifying outbreak control have quantifiable effect [11,12]. Such
exploration can inform the predictions about the potentiality
of growth rate in future as well as to estimate the risk to other
countries [13]. There are several researchers [1,7,14,15] found the
basic reproduction number using different models. Susceptible-
Exposed-Infectious-Recovered (SEIR) compartmental model is

developed based on the clinical progression of the disease and
estimated reproduction number was 6.47 (95% CI 5.71-7.23) [1].
Lietal. [16] have determined the value of the reproduction number
ranging from 2.90 (95% CI 2.32-3.63) to 2.92 (95% CI 2.28-3.67)
[16]. Zhao et al. [14] given a mode of transmission of COVID-19
through the exponential growth of the epidemic in mainland China
from 10th to 24" January 2020 [14].

They estimated intrinsic growth rate by using the serial
intervals (SI) of two other coronavirus diseases like MERS and
SARS and obtained the basic reproduction number of COVID-19
ranging from 2.24 (95%CI: 1.96-2.55) to 3.58 (95% CI: 2.89-4.39).
Another absolute reproductive number, Ro, estimation is varied
from 2.0 to 3.1 (average 2.55) by Majumder MS [17] when data
are collected from December 8, 2019 through January 26, 2020.
Wang et al. [7] investigated the high temperature and relative
humidity for reducing the transmission of COVID-19 [7]. Boldog
et al. [15] investigated that the risk of COVID-19 as the number of
cases in China is growing with increasing time and, estimated that
the risks of outbreaks outside of China for imported cases such
as international mobility patterns, control efforts, and secondary
case distributions [15]. The Ro value of 2019-nCov is an indication
of the initial transmissibility of the virus which is estimated as
4.71 is declined to 2.08 (1.99-2.18) on 22" January 2020. If the
declining trend continues with the assumption, Ro will drop below
one within three months [18]. Estimating corresponds to the
smallest level of zoonotic exposure, Ro is 2.6 in the level of giving
a range of 1.5-3.5, assuming a total of 4000 cases by 18" January
[19]. Yu [20] estimated that only a quarantine rate of infectious
population higher than 90% would enable to effectively restrict
the outbreak of coronavirus and estimated reproductive number
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is 3.5 [20]. On the basis of nowcasting and forecasting approach,
the estimated basic reproductive number in China is 2.68 (95% CI
2.47-2.86) represented by Wu et al. [21] whereas, this number (Ro)
is between 2.76-3.25 in Italy [21]. Around 12 modelling studies
have recently reviewed that the mean value of Ro is 3.28, with a
median of 2.79 in which two studies are stochastic methods and
six studies are mathematical methods, the estimated Ro ranges
from 2.2-2.68 and 1.5-6, respectively [22]. Ahmed ] et al. [23]
collected the data from Covid-19 affected 70 cities/provinces as
well as analyzed the environmental data such as, temperatures,
humidity and population density in each of these cities/provinces
[23]. Thereby, they showed that average high temperature was
the essential factor to diminish the augmentation of Covid-19
whereas, higher population density was an important factor for the
prompt spreading of Covid-19. Since it was absolutely impossible to
maintain the social distance, the virus can spread easily amongst the
population. Hasan et al. [24] estimated daily reproductive number
by using the exponential growth model for Bangladesh from March
8 to May 11, 2020 considering time-varying disease reporting rate
and found the Ro to be 1.82 [95% CI: 1.81-1.84] without adjusting
reporting rate [24]. Zhou et al. represent the basic reproduction
number which fall between 2.8 and 3.3 using the real-time reports
on the number of 2019-nCoV-infected cases in China [25]. Liu et al.
[26] considered exponential growth (EG) and maximum likelihood
estimation model and found the Ro values as 2.90 (95%CI: 2.32-
3.63) and 2.92 (95%CI: 2.28-3.67), respectively [26]. Riou | [27]
and Althaus CL estimated the Ro is 2.2 (90% high density interval:
1.4-3.8), indicating the potential for sustained human-to-human
transmission [27].

Hu et al. [28] studied over 12 selected countries focusing on
new confirmed cases as well as showing clear peak of the epidemic
curve which is downfallen gradually, and also added that most
of the estimated Ro monotonically were declined to be close to
or less than 1.0 in April 30, 2020 except Singapore, South Korea,
Japan, Iran, and South Africa [28]. Gunzler D [29] demonstrated
that the reproduction number was declined from 4.02 to 1.51
between March 17 and April 1, 2020 in USA and consequently,
the reproduction number for COVID-19 has been declined in most
states over the past two weeks [29]. Depending on the different
scenarios and levels of zoonotic exposure, the reproduction number
was found to vary from 1.7 to 2.6 to 1.9 to 4.2. For instance, the
WHO has estimated a reproduction number of 1.4 to 2.5. Thereby,
Li and colleagues have computed a slightly higher value of 2.2
(95% CI 1.4 to 3.9), whereas other mathematical models published
as pre-prints or undergone peer-review show the reproduction
number varies from 1.3 to 4.7 [16]. These different findings vary
because of applying different methodological issues, including
different assumptions and choice of parameters, comparing
updated versions, utilizing another model, using various datasets
and also the period of estimation. More effective and timely
precautions are required in order to control the further extension
of 2019-nCoV very quickly. By analyzing the current fluctuating

characteristics of R value, the decision maker can implement the
ongoing and upcoming accomplishments which will be effective
for the respective mankind’s against the outbreaking potentiality
of pandemic COVID-19. Further research is needed to estimate a
more accurate Ro for this pandemic in the outbreak situation. We
demonstrate here the R value of COVID-19 and try to represent the
tendency of spreading situation based on some epidemiological
data.

Conclusion

Coronavirus is spreading out worldwide drastically with highly
reproduction numbers (0.5-4.9). Presently, a fourth large-scale
outbreak is occurring and spreading out in almost every country in
the world. The high reproduction number of this disease indicates
that the outbreak of COVID-19 become more complicated than what
has been reported so far, given the particular season of increasing
social contacts, warranting effective, strict public health measures
aimed to lessen the burden generated by the spreading of this virus.
Since the infected rate of this virus is very high and second time
infected chance are also increasing that is why we have focused on
its reproductive number to prevent the outbreaking situation.
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