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Objective: A severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was detected
by researchers from a patient in Wuhan, Hubei province, China, in December 2019, and
broke out in January 2020. Then, the pandemic was detected in countries around the world.
Therefore, precise estimates of its current and future trends are highly required for future
policy implications.

Methods: We retrieved data from the Health Commission of Hubei, China. Logistic-S curve
model was used to estimate the current and future trends of SARS-CoV-2-infected cases
among 16 cities of Hubei, China from Jan-11 to Feb-24, 2020.

Results: Out of 64,287 confirmed cases of SARS-CoV-2 infection in Hubei, higher percen-
tage of cases were in Wuhan and Xiaogan. The highest death percentage was found in
Wuhan and Qianjiang. A significant percentage of cures were found in Enshi Prefecture and
Huanggang, while Wuhan showed the lowest percentage of cures. Rising trends in infected
cases were observed throughout the study period, particularly in Wuhan, and a higher trend
was observed after 12-Feb. Gradual decline trend of SARS-CoV-2 cases was observed during
Feb-25 to Mar-15 in Hubei Province. Future forecast showed that the average number of
SARS-CoV-2-infected cases might be decreased or stable in Hubei in the coming 20 days.
Conclusion: The public must take precautionary measures in order to control and prevent
disease spread and avoid extra travelling.
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Introduction

In the last two decades, coronavirus has produced two large-scale pandemics,
including Severe acute respiratory syndrome (SARS) and the Middle East respira-
tory syndrome (MERS)."? Since the outbreak of SARS some eighteen years ago,
various severe acute respiratory syndrome-related Coronaviruses (SARS-CoV)
have been revealed in bats being their natural host reservoir'® and have potential
to cause future disease outbreaks.”® Literature has shown that some of these
Coronaviruses are capable of infecting humans and can lead to severe health
conditions. In December 2019, a series of pneumonia cases of unknown cause
appeared in Wuhan, Hubei, China, with viral pneumonia relating clinical presenta-
tion. Sequencing of samples from the lower respiratory tract of infected patients
confirmed the emergence of a novel virus named as Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS—COV—Z).9 As of 2nd June 2020, 84,597, cases
and 4645 deaths were reported only in China.'® Due to inadequate quarantine, cases
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have been reported in many other countries including
Nepal, Thailand, South Korea, Japan, Taiwan, Singapore,
Nepal, United States, Vietnam, Iran and Pakistan.''™"?
Clinicians and WHO (World Health Organization) have
reported human to human transmission leading to a much
wider spread of the disease. The genome of SARS-CoV-2
encoded endonuclease; therefore, the rate or chances of
mutation are much lower than other viruses making this
zoonotic pathogen more virulent by effective person to
person transmission.’

Unfortunately, no vaccine or drug has been approved
yet to treat human coronaviruses completely.”® Numerous
options can be envisioned like vaccines, oligonucleotide-
based therapies, monoclonal antibodies, small molecule-
based drugs, interferon therapies and peptides either to
prevent or control the emerging (SARS-CoV-2).520-22
However, new interventions needed more extended peri-
ods to develop spanning over months to years. Therefore,
due to urgency of the novel SARS-CoV-2 outbreak, scien-
tists and clinicians are focusing in using the potential of
existing antiviral agents (approved or in the process of
approval) based on their therapeutic experiences with
SARS and MERS.**** The most commonly used anti-
viral agents all over the world include chloroquine, lopi-
navir/ritonavir, hydroxychloroquine, remdesivir and
favipiravir.>> >’ Two other drugs named ivermectin and
nitazoxanide have recently been reported to show an activ-
ity against SARS-CoV-2 in vitro and are approved/

licensed for the treatment of some other human

infections.?*°

Recently, various articles have been published report-
ing individual cases, hazardous health effects, poor quar-
antine, and risk of pandemics, genetic make-up, clinical
interventions and disease manifestations. Here, we will
accurately report the incidence of SARS-CoV-2 in 16
different cities of Hubei, China, with particular emphasis
on the incidence of infected cases in different cities of
Hubei province with respect to time (Jan-11 to Feb-24,
2020). In addition, we plan to estimate the current and
future trends of SARS-CoV-2-infected cases with logistic
S-curve model among 16 different cities of Hubei pro-
vince, China to present the exact situation of this disease.

Materials and Methods

Data Source
The data of cases diagnosed with SARS-CoV-2 were
retrieved from the Official website of the National Health

Commission of the People’s Republic of China, and the
Health Commission of each Province, which publish daily
epidemic data. (http://wjw.hubei.gov.cn/bmdt/ztzl/
fkxxgzbdgrfyyq/xxfb/202002/t20200224 2146325.shtml).

We have included confirmed cases (64,287), cured
cases (16,738) and death (2495) cases, recorded from 11
Jan 2020 to 24 Feb 2020. The total number of cases varied
from 194 to 46,607 among 16 different cities of Hubei
province.

Analytical Analysis

Descriptive analysis included frequencies and percentages
of collected cases for each parameter of interest. Summary
trends were analyzed by time for 16 cities separately.
Further, the logistic S-curve model was used to estimate
the trends of SARS-CoV-2 cases among 16 cities of Hubei
province China. Mean Absolute Percentage Error
(MAPE), Mean Absolute Deviation (MAD) and Mean
Squared Deviation (MSD) were used to evaluate the pre-
dicted models. Logistic S-curve has many applications in
different fields; for example, biologists have used it to
illustrate the growth of a specie under competition.
Similarly, it has been used in medicine to show the spread
of epidemic diseases.>*' The fascinating part of the logis-
tic S-curve fitting is the ability to forecast from early sizes
the last maximum, a reality that frequently stuns and
occasionally vexes individuals, with its intrinsic compo-
nent of predetermines.

The logistic S-curve was initially proposed by Pierre-
Frangois,*? in the context of population growth. It is a type
of curve that displays the growth of the understudy vari-
able in terms of another variable, often expressed as a unit
of time. Common characteristics of Logistic S-curve, at
first, are that the growth is approximately exponential
(geometric), then slows down to linear (arithmetic), fol-
lowed by rapid growth and followed by slow growth again
to an asymptotic maximum. The three parameters L, § and
X describing a logistic S-curve form:

L

S0 = T

(1

where L is the maximum value of the curve, e is the
natural logarithm base, B is the logistic growth rate, and xy
is the x-value of the sigmoid’s midpoint. The change in
values of § and x( in the above equation (1) affects the
exact shape of the logistic S-curve. B affects how steeply
the function rises as it passes through its midpoint; how-
ever, the xo is computed at which time the midpoint
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occurs. Accuracy of the forecast are measure by using,
Mean Absolute Percentage Error (MAPE), Mean Absolute
Deviation (MAD), Mean Squared Deviation (MSD) and
expressed as:

‘O’t _j’t)/yt‘
MAPE = x 100 (y,#0) )
MAD = ¥ e =yl (3)
=1 n
n N 2
=1 n

In the above equations (from 2 to 4), y; is the actual value
(variable understudy) at time t, , denotes the fitted value,
and n is the number of observations. MAPE, MAD and
MSD measure the accuracy of fitted time series values.
MAPE expresses accuracy as a percentage, where MAD
measures accuracy in the same units as data, which helps
in conceptualizing the amount of error. On the other hand,
MSD is always calculated using the same denominator, n,
and it is a more sensitive measure of an unusually large
forecast error than MAD.

Results

Descriptive Analysis

A summary of infected cases of SARS-CoV-2 in 16 dif-
ferent cities located in the Hubei province is presented in
Table 1. Wuhan has the highest death percentage (4.26%),
while Qianjiang (4.12%) and Jingmen (4.02%). Similarly,
the lowest death percentage is reported in Shiyan (0.30%),
Xianning (1.31%), and Enshi (1.59%).
Substantially higher percentage of cures is observed
among Enshi Prefecture (58.17%), Huanggang (57.13%),
Xianning (53.23%), and Tianmen (52.23%). However,
Wuhan has the lowest cure percentage (19.19%).

Prefecture

Current Trends of SARS-CoV-2-Infected

Cases with Time

Figure 1 shows the trend of the total, existing, deceased
and cured number of SARS-CoV-2-infected cases in the
Hubei province of China from 11-Jan to 24-Feb 2020. The
in SARS-CoV-2-infected cases
observed from 27-Jan and onwards, and the two-fold

rapid increase was
increase was reported after 12-Feb 2020. Recovery of
patients was slightly improved after 14-Feb, and the

respective trend of remaining or existing patients started

Table | Summary of SARS-CoV-2-Infected Cases in 16 Cities of
Hubei Province

Cities Total Number of Death | Cured
Name Number of | Existing
Cases Cases
Wuhan 46,607 35,674 1987 8946
(76.54%) (4.26%) | (19.19%)
Xiaogan 3465 2180 108 1177
(62.91%) (3.12%) | (33.97%)
Huanggang | 2904 1142 103 1659
(39.33%) (3.55%) | (57.13%)
Jingzhou 1574 798 42 734
(50.70%) (2.69%) | (46.63%)
Ezhou 1383 878 40 465
(63.48%) (2.89%) | (33.62)
Suizhou 1303 719 33 551
(55.18%) (2.53%) | (42.29%)
Xiangyang | 1174 624 29 521
(53.15%) (247%) | (44.38%)
Huangshi 1005 485 30 490
(48.26%) (2.98%) | (48.76%)
Yichang 924 591 29 304
(63.96%) (3.14%) | (32.9%)
Jingmen 920 494 37 389
(53.69%) (4.02%) | (42.28%)
Xianning 836 380 I 445
(45.45%) (1.31%) | (53.23%)
Shiyan 669 374 2 293
(55.90%) (0.30%) | (43.80%)
Xiantao 573 286 19 268
(49.91%) (3.31%) | (46.77%)
Tianmen 494 223 13 258
(45.14%) (2.63%) | (52.23%)
Enshi 251 101 4 146
Prefecture (40.24%) (1.59%) | (58.17%)
Qianjiang 194 104 8 82
(53.61%) (4.12%) | (42.27%)

to decline slowly with forwarding days. Overall, the trend
of deceased cases in Hubei province was slightly higher
after 16-Feb, but this number was lower than that of cured
cases.

To explore differences in the incidence of infected
cases from SARS-CoV-2 among different cities, we have
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Figure | Actual trend of SARS-CoV-2-infected cases for Hubei province.

plotted the same trends as described above for Hubei
province for each city separately. Figure 2 depicts the
trends in total, existing, deceased, and cured SARS-CoV-
2-infected cases. A higher rate/incidence of all parameters
was observed in Wuhan, while Xiaogan was ranked sec-
ond, taking into account the total number of SARS-CoV-2
cases. On the other hand, the lowest rates were observed in
Qianjiang and Enshi Prefecture, respectively. A significant
increase in the trend of SARS-CoV-2-infected cases in
Wuhan was identified on and after 29-Jan. In other cities,
the total number of infected cases were also increased in
the same duration, but in Wuhan and Xiaogan, the trend
was increased significantly over the period compared to
other cities (Figure 2).

Estimation and Forecasting of SARS-CoV-

2 Cases in 16 Cities of Hubei Province
Estimated present and future forecasted trends in the num-
ber of SARS-CoV-2-infected cases are shown in Figure 3.
We noted that during the observed time, the growth of
SARS-CoV-2 case has increased (8 = 0.75,p<0.05) in
Hubei province. Besides, the forecast trend indicated that
in the next 20 days, the trend of SARS-CoV-2 cases might
start to decline slightly or remain consistent from 25-Feb
to 15-Mar (Figure 3).

Figure 4 depicted the detailed city-wise trend in the
number of SARS-CoV-2-infected cases across 16 differ-
ent cities of Hubei province. We observed from
Figure 4, that almost for all cities, the fitted trend

Days

closely follows the actual data, indicating that the logis-
tic S-curve model fits the data well. The estimated
number of SARS-CoV-2-infected cases in Wuhan was
higher than in all other cities. We observed that the
growth of cases increased smoothly over the entire
period and was higher in Wuhan, Xianning, Qianjiang,
and Enshi Prefecture. The forecast for these cities also
indicated a slightly declining stable trend of cases from
25-Feb to onward, while the future trend of other cities
showed almost declined stable trend during the forecast
period (Figure 4).

Moreover, we compared the average number of
SARS-CoV-2-infected cases before and after 25-Feb;
and found that during the specified period average fore-
cast number of cases steadily declined from 25-Feb to
15-Mar for both Hubei province and Wuhan city. In
order to check the precision of our forecast, we also
reported the actual number of SARS-CoV-2-infected
cases per day from 25-Feb to 29-Feb by the Health
Commission of Hubei Province, China, which verified
our findings of a decrease in the future number of virus-
infected cases in Hubei province and Wuhan city
(Table 2).

Discussion

This is an extensive study reporting the exact number
of existing, deceased and cured SARS-CoV-2 cases in
16 different cities of Hubei, China, from 11-Jan to
24-Feb 2020. In addition, estimation and forecasting
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Trend Analysis Plot for Hubei
S-Curve Trend Model
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Figure 3 Estimated and forecasted trend of SARS-CoV-2-infected cases for Hubei province.

Coronavirus is one of the leading pathogens of respira-
tory infection. SARS-CoV and MERS-CoV are two extre-
mely pathogenic viruses that cause a severe respiratory
syndrome in humans. SARS-CoV outbreaks in 2002-2003
have infected 8422 cases in 29 different countries across the
globe“’33 whereas, in 2012, MERS-CoV has emerged in
Middle Eastern countries but has been imported to China
due to inadequate quarantine by the Middle East.**>° The
emerging SARS-CoV-2 also caused severe lower respiratory
tract infections and was declared as a global emergency by
the WHO.?*~” High through-put sequencing has confirmed
that SARS-CoV-2 is quite different from the already reported
six Coronavirus sub-types. Both MERS-CoV and SARS-
CoV originated in bats and are capable of transmitting
directly to human beings from dromedary camels and civets,
respectively,**>? but the origin of SARS-CoV-2 still needs
in-depth investigations. The transmission rates of SARS-
CoV-2 are unknown yet, but there strong evidence of
human—to-human transmission does exist.*®

The present study has shown the occurrence of SARS-
CoV-2-infected cases of 16 different cities located in Hubei
province. It was observed that Wuhan has the highest death
percentage with this viral infection, followed by Qianjiang
and Jingmen. Whereas some of the cities in Hubei have very
low death rates, including Shiyan, Xianning, and Enshi
Prefecture as compared to Wuhan. These findings are in
accordance with the latest reports highlighting the spread of
SARS-CoV-2 in China, specifically in Wuhan.”** If we

consider the rate of cured cases from this viral outbreak, it
was observed that Enshi Prefecture, Huanggang, Xianning,
and Tianmen have a significantly higher cure percentage
compared to Wuhan.

Furthermore, we have shown the trend of existing,
deceased, and cured numbers of SARS-CoV-2 cases in
the Hubei province of China from 11-Jan to 24-Feb
2020. Results from the present study showed a rapid
increase in SARS-CoV-2-infected cases from 27-Jan and
onwards with a two-fold increase after 12-Feb 2020. It was
observed that patients start getting better after 14-Feb, and
the respective trend of remaining or existing patients
started to decline slowly with forwarding days. Overall,
the trend of deceased cases was mildly higher after 16-
Feb, but this number was found to be lower than that of
cured cases in Hubei. Differences in the incidence of
SARS-CoV-2-infected cases among different cities were
analyzed by plotting the results individually for all the
cities. Again, the trend remains the same, and a higher
rate of disecase prevalence was observed in Wuhan. In
contrast, Xiaogan was ranked in the second position, and
the lowest rate was found in Qianjiang and Enshi
Prefecture. A significantly increasing trend of SARS-
CoV-2 cases in Wuhan was identified on 29-Jan and
onwards. We have explored that number of SARS-CoV-
2-infected cases also increase among other studies in the
same duration but increasing trend in Wuhan and Xiaogan
was much higher throughout the study period.
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Our findings were supported by the reports of the

National Health Commission, which states the quick

increase of this viral infection from 20 to 25 Jan 202
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Figure 4 Estimated and forecasted trend of SARS-CoV-2-infected cases amongl 6 cities of Hubei province.
rush would be another reason for this rapid spread, as The number of SARS-CoV-2-infected cases during the
thousands of people from different cities and countries specified time was estimated using the logistic S curve
.. 41 . .
visit Wuhan. model. After applying and evaluating the accuracy
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Table 2 Comparison of Past and Future Predicted Number of
Cases for Hubei Province and Wuhan

Hubei Wuhan
Average number of cases (I I-Jan to 1652 1192
24-Feb)
Average number of forecast cases 338 366
(from 25-Feb tol5-March)
Actual number of cases of 5 days from | 499, 404, 464, 370,
Heath Commission of Hubei Province, | 409, 318, 383, 313,
China (from 25-Feb to 29-Feb) 423 420

measurement of different time series models, the logistic
S-curve trend model was found to be a suitable fit for mea-
suring the trends in the number of SARS-CoV-2 cases. The
present study showed that during the observed time growth
of infected cases had significantly increased in Hubei pro-
vince. In addition to this forecast trend over the next 20 days,
it has been noted that the trend of infected cases may begin to
decline slowly or remain consistent from 25-Feb to 15-Mar.
We observed that almost all cities, fitted trends closely follow
the actual data, which confirms the suitability of the logistic
S-curve model to the data. The estimated number of SARS-
CoV-2 cases in Wuhan was higher than in all other cities. The
growth of infected cases increased smoothly during the entire
period and was higher in Wuhan, Xianning, Qianjiang, and
Enshi Prefecture. The forecast for these cities also indicated
the slightly decreasing stable trend of cases from 25-Feb to
onward, while the future trend of other cities has shown
almost declined stable trend during the forecast period giving
a hope that the situation will be better in the coming future.
Also, a comparison of infected cases before and after 25-Feb
showed that during the specified period average forecast
number of cases steadily declined from 25-Feb to 15-Mar
for both Hubei province and Wuhan city. The accuracy of our
forecast was assessed by the actual number of SARS-CoV-2-
infected cases per day from 25-Feb to 29-Feb collected by the
Health Commission of Hubei province, China, which con-
firmed our results of a reduction in the future number of cases
in Hubei province, and specifically in Wuhan city, which is
facing a significant challenge in the fight against this pan-
demic. But this reduction can only be observed after taking
accurate preventive measures and establishing fully equipped
quarantines for infected cases. Otherwise, it would become
difficult to deal with this global challenge.

There is currently no definitive treatment available for
this viral infection; therefore, precautions measures must be
taken to prevent ourselves. Clinicians are using several anti-

viral drugs that are already licensed for other viral diseases,
although various clinical trials are in progress to prepare
vaccines as a definitive treatment. The United States Center
for Disease Control and Prevention has released an updated
guideline® along with a patient under investigation (PUI)
form for suspected cases.” So, anyone who has a previous
history of traveling to Wuhan or has met someone from a
visitor to China must follow these guidelines and visit clin-
icians if they have any symptoms related to the disease, such
as cough or difficulty breathing. China has very well mana-
ged to cope up with disease spread by implementing a strict
lockdown in the Province Hubei, and specifically, more
attention is given to the Wuhan as having the highest number
of confirmed cases. China has imposed travel restrictions to
control the transmission of disease, followed later by many
other countries around the globe. Regular checking of tem-
perature and maintenance of social distancing has helped
China to recover from this pandemic. China has announced
new measures to avoid a second wave of infection as it
progressively reopens its economy and releases citizens
from coronavirus lockdowns. New measures include social
distancing, personal hygiene, and, more precisely, civilized
behavior. Globally, nations are much more unified than ever
because emerging pathogens do not care about geopolitical
boundaries. Proactive investment in medical and public
health infrastructure is mandatory to respond effectively to
the current coronavirus pandemic. It is important not only to
sustain and enhance international collaboration, surveillance,
communication, and cooperation on this major SARS-CoV-2
outbreak but also to be well prepared for future public health
threats.**

Conclusion

The SARS-CoV-2 infection is transmitting very quickly
with an increasing number of infected cases around the
globe as well. The future development regarding its spread
and definitive treatment is not clear yet; therefore, the
public should take precautionary measures in dealing
with the virus, since it may become very contagious and
take their lives at risk of death. A higher prevalence of
disease was reported in Wuhan as compared to other cities
of China, so, if someone has the previous history of
traveling to Wuhan or meet any infected person and
experience lower respiratory problems, must go for screen-
ing at earliest. The death rate is declining in different cities
of Hubei, but still, it is prevailing and spreading globally,
so anyone must be careful when travelling and attending
gatherings because it could cause disease to spread.
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Moreover, China has warned the world in good time and
has fought very well against the disease. Therefore, hoping
that the world will learn a lesson from China, and that this
pandemic will over soon.
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