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INTRODUCTION

The outbreak of coronavirus disease 2019 (COVID-19)
in Wuhan, China, in December 2019 developed into a
pandemic and has been threatening human health almost
all over the world.["? Coronaviruses are a diverse group
of viruses which have been identified since 1965 and
caused serious large-scale outbreaks and considerable
global health consternation in the past two decades
worldwide, such as severe acute respiratory syndrome
coronavirus, Middle East respiratory syndrome
coronavirus, and their newest variant COVID-19.5!
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The people infected or killed by the new virus around
the world are much more than the people from its two
predecessors.”* The R, of this virus was estimated
between 2 and 3.5 that means each patient on average
could transmit the COVID-19 to two up to three people.
The average age of patients is about 55 years, and the
most prevalent symptoms in patients are dry cough,
fever, and shortness of breath; the case fatality rate of
COVID-19 has been estimated to be around 2%.1>**!
There is still much to know about the viral characteristics,
pathogenicity, and the ways COVID-19 spreads, but
droplets, contact, aspirates, feces, and aerosols are the
most important identified modes of its transmission.!”!
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COVID-19 pandemic has now reached most of countries
and has resulted in around 7.1 million cases and more than
400,000 of deaths at the time of writing this article (11 June
2020).28 The first confirmed cases of COVID-19 in Iran
were reported on February 19, 2020, in Qom, " and in total,
180,176 confirmed cases and 8,584 deaths of COVID-19 at
the time of writing this article have been reported in Iran (11
June 2020).1!

Despite the uncertainty associated with forecasting,
modeling and estimating the daily number of confirmed
cases are still crucial for the treatment system and health-care
policymakers to provide the optimal intervention strategies
and the required services for the new patients. This issue
could be dependent on host conditions, pathogenic
behavior, and environmental and behavioral factors.””!
Throughout the epidemic, the government and health
authorities should constantly monitor the epidemic curve
and effect of interventions on it to control the epidemic and
manage the condition. A key parameter in modeling studies
to evaluate the potential transmissibility of COVID-19 and
to estimate the probable size of the outbreak is the real-time
reproductive number (Rt).“o] In this study, we aimed to
forecast R, the trend of the epidemic and the probable size
of COVID-19 outbreak in the next 30 days in Arak University
of Medical Sciences (AUMS) in the center of Iran based on
the data gathered from the past 2 months.

MATERIALS AND METHODS

This study was approved by Ethics Committee of
AUMS (Project number: 3675). The present study was a
mathematical modeling based on daily confirmed cases
of COVID-19 from February 20 to April 17, 2020 (n = 887),
in AUMS. AUMS is covering 974,000 population in nine
cities in the center of Iran."! The main city of the AUMS
is Arak. The population of the study area has many
communications with other provinces of the country. This
area has alot of immigration from other parts of the country.
All confirmed cases on the positive RT-PCR were reported
to the COVID-19 registry system of AUMS. For confirmed
cases, residence in Markazi Province was the basic inclusion
criteria of the study. The date of laboratory sampling was
considered as the date of confirmed cases. It is better to enter
the date of the onset of symptoms in the analysis, but the
date of symptoms was potentially susceptible to missing
and recall bias.!">"¥ The included variables were age (year),
sex (female/male), daily incidence, and death by COVID-19.

Data analysis

As Rothman was expressed, “A key concept in assessing
whether an outbreak that is spread by person to person
transmission will ignite or die out is the basic reproductive
number, usually written as R. R is the average number
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of secondary cases that occur from a single index case in
a susceptible population in which no interventions are
being taken. If the R is <1, each case will on average lead
to <1 additional case, and the outbreak will die out, unless
fueled by external re-infections. The rate at which disease
disappears from the population depends on how much
below 1 the basic reproductive number is and on the interval
between successive generations of infection. If the basic
reproductive number is above 1, each case in the early stage
of an outbreak produces more than one new secondary
case, and the epidemic grows. The speed at which it grows
depends on the magnitude of the basic reproductive
number for that disease and the time between successive
infections.”!¥ Moreover, the real-time reproductive number,
R, is the reproductive number that was included the mix
of immunity and social interaction at any point in time that
the epidemic was progresses.!'4

The daily incidence data were used for the estimation of
reproduction numbers for the COVID-19 epidemic. Serial
interval (SI) is defined as the time between the onset of
symptoms in a primary case and the onset of symptoms
in secondary cases."” We considered three scenarios
for SI. According to Hwang ef al.,'®! we used gamma
distribution with mean + standard deviations (SD) for SI
distributions (6 + 3 and 4 + 2).

In this study, we estimated R, and R, along with 95%
confidence intervals (Cls). Moreover, the outputs have been
shown by graphs. R estimations were shown the epidemic
curve and an adjusted model, and R, was calculated by the
sequential Bayesian and time-dependent method to present
the R (t) variations throughout the COVID-19 epidemic
period. To evaluate the impact of different S, the sensitivity
analysis was done based on different SIs and R values.!''®l

In sequential Bayesian method, incidence at time t + 1,
N (t + 1), is approximately Poisson distributed with mean

N (t) e"*1), where — the average duration of the infectious

4
period. The distribution of the R, is updated as new data
using posterior distribution as:

PR, I N,..,N+)=P(N,+, | R,N,... N)P (R | N,...,
N)/P (N,..., N,, ).

R,in time-dependent method calculates R by averaging over
all transmission networks compatible with observations.
The probability p, that case i with onset at time t, was
infected by case j with onset at time t, was obtained by
p,=Nw (¢t~ tj)/ZHkNiw (t,—t,). The R for casej is therefore

R =%, p,and is averaged as R, = L 2R, over all cases

with the same date of onset. Moredver, the CI for R, was
obtained by simulation.!”]
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Furthermore, to provide the prediction of daily incidence
and cumulative incidence for the next 30 days, we used past
incidence and the estimates of the SIs and reproduction
numbers. This approach is based on a branching process

using a Poisson distributed number of new cases per
t-1

day,™ computed as: A, = Zysw(t —5), where w (t - s) is the
s=1
probability mass function of the SI distribution, and y_ is

the incidence at time s. The prediction of daily incidence for
the next 30 days was calculated by a bootstrap resampling
method with 10,000 times.[®?

The analysis was conducted in R packages 3.6.3 (R Core
Team) and STATA 12.0 (StataCorp. 2011. Stata Statistical
Software: Release 12. College Station, TX, USA: StataCorp
LP). Applied R libraries were incidence, earlyR, RO, and
projections packages.[®"!

prediction of the epidemic size of COVID-19

RESULTS

Descriptive

A total of 887 COVID-19 cases were confirmed with the
RT-PCR test in this study. The epidemic curve of infections
is shown in Figure 1. Among identified cases, 51% were
female. The mean age of confirmed cases was 56 (standard
deviation: 19, range: 1-99). Until now, the case fatality rate
of COVID-19 was 11.7% among confirmed cases. Based on
the linear regression analysis, there were not any statistically
significant changes in the reported COVID-19 cases
in this study (regression coefficient: 0.009 and P = 0.3)
[Figure 1 in Appendix].

Real-time reproduction number
The real-time reproduction number (R)) in the sequential
Bayesian model in A, B, and C scenario indicated a
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Figure 1: Epidemic curve of COVID-19 in the study area
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Figure 2: Sequential Bayesian method for evaluating the time-dependent reproduction number (R) in serial interval with gamma distribution and mean 6 + 3. (a) Onset
of closing all schools and universities, (b) onset of closing mosques and reducing working hours. (c) Onset of the evaluation of infection symptoms of passengers at
the entrances and exits of cities. (d) Mass screening. (e) Onset of social distancing. F: Onset of restrictions on vehicle traffic
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decrease in the R of COVID-19 in the 58-day period of the
study. These changes were considerably tended to move
the curve to R, one. As seen in Figure 2, approximately
from March 16 to April 17, this proximity to R, one has
continued [the figures of other related scenario are in
Figure 2 in the Appendix].

Moreover, the time-dependent model showed that the trend
of R, has decreased, but the changes of the curve have been
a little different. From the onset of the epidemic to March
17, a decrease in R, has been observed, dropping to <1 by
the end of the study. This situation has occurred in all three

scenarios. The differences between the draw curves in
different scenarios are due to the amounts of R, at different
times as eventually, at about a similar time, they approached
R, one. However, the shape and direction of the curves in
all three scenarios have been similar [the figures of other
related scenario are in Figure 3 in Appendix].

Ecologic interventions in epidemic

R, depends on intervention efficacy and the intervention
coverage of the population.'! Therefore, in time that the
epidemic was progresses, increase in the intervention
efficacy and the intervention coverage of the population
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Figure 3: Time-dependent method for evaluating time-dependent reproduction number (R)) in serial interval with gamma distribution and mean 6 + 3. (a) Onset of
closing all schools and universities. (b) Onset of closing mosques and reducing working hours. (c) Onset of evaluation of infection symptoms of passengers at the
entrances and exits of cities. (d) Mass screening. (e) Onset of social distancing. (f) Onset of restrictions on vehicle traffic

2 .
3 e ¥

< -
; Qixte b Querth: i QUi
< s ]
by FT O - EL N
7 -} = 3 8 _
= i v —
4 0 - T4 ° s
3 E "l o0 ey
a a & [ —_—
3 b

Figure 4: Predicted incidence cases and 95% confidence intervals in next 30 days with assumption of (a) R, = 1.03, Sl =4 + 2, (b) R, = 1.05, Sl = 6 + 3, and (c)
R, =1.08, Sl =6 + 3. S| = Serial interval
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Figure 5: Predicted cumulative incidence cases and 95% confidence intervals in next 30 days with assumption of (a) R, =1.03, SI=4 +2, (b) R =1.05,SI=6£3,

and (c) R = 1.08, Sl = 6 + 3. S| = Serial interval

leads to a decrease in R. As observed in Figure 3,
the conducted interventions during the epidemic are
demonstrated in Figure 2. It is highly probable that the
decrease in R has been a consequence of the schools and
universities shutting down and the reduction of working
hours.

Predicted epidemic size

According to three scenarios in the past 58 days, R,
estimates were measured as 1.03 (0.94, 1.14), 1.05 (0.96,
1.15), and 1.08 (0.98, 1.18). With these R, amounts, the new
daily cases of infection for the next 30 days will be 11-12,
11-14, and 11-17 cases, respectively [Figure 4]. Moreover,
cumulative incidence cases will be 360 (95% CI: 180, 603),
388 (95% ClI: 238, 573), and 444 (95% CI: 249, 707) for the
next 30 days [Figure 5], respectively.

According to the maximum likelihood value of R, in C
scenario and with the assumption of 100%, 70%, and 50%
effectiveness of conducted interventions, at least 5%, 7%,
and 10% of the people are predicted to be needed to get
infected or immunized to achieve R < 1, respectively.
Furthermore, the R estimate in the next 30 days was
predicted as 1.05 (95% CI: 0.99, 1.11).

DISCUSSION

The speed of epidemic growth depends on the value of
R, and time intervals between successive infections. In
COVID-19 infection, time intervals between successive
infections could be from 4 to 6 days, what seems to be
important is the R . R, indicates the biologic potential of
COVID-19 that leads to transmissibility of infection. R
reflects the potential for spread of epidemicin a susceptible
population. In following, in order to monitoring of
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immunity and social interaction and effectiveness of the
strategies to diminish transmissibility of infection, including
isolation of infected people, social distancing, quarantine
and others, the R, was calculated. R could be different
from population to population. In addition, it varies by
subpopulations among the population.['!

The epidemic curve of COVID-19 has been steep, the
spread of the virus has exponentially increased, and the
total number of COVID-19 patients has raised steeply
within a few weeks. Governments and health authorities
have tried to flatten the curve by necessary interventions
to decrease the stress on the health-care system, but
on the other hand, a flatter curve will have a longer
duration as well.?!l In Iran, the first confirmed cases of
COVID-19 were reported on February 19, 2020, and the
number of confirmed cases has grown exponentially
and reached its peak in the late march, experiencing a
decline afterward till now. A study conducted by Zhou
et al. based on the logistic model had already predicted
40 days for Iran to reach its peak consistent with the
findings of this study.!"”

In the present study, we predicted the future number of
COVID-19 cases, R, and the trend of the epidemic through
statistical models and based on the previous data of
COVID-19 with the assumption of the current condition of
Iran. We have prepared the predictions to our local health
authorities and the government at the regional level to
inform them about the epidemic extent in the upcoming
weeks so that better planning is provided for the required
hospital beds and staff resources. We were obtained the
R, to be from 1.03, 1.05, and 1.08 in AUMS area. These
findings were indicated that averagely, 103, 104, and 108
infectious persons resulting from contact with 100 infected
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persons given that not everyone is susceptible. Therefore,
the epidemic was still uncontrolled.

Based on the real data accumulated in Iran, R has decreased
substantially since the beginning of the epidemic, and it is
expected to remain almost constant or continue to decline
slightly in the next 30 days. The primary significant decrease
of R is believed to be due to some interventions such as the
closing of all schools and universities, public places, and
shrines nationwide, the large-scale screening of population
and social distancing.>”! Other interventions were reducing
working hours, evaluating infection symptoms among
passengers at the entrances and exits of cities and vehicle
traffic restrictions within cities in some days.

According to the results of this study, three scenarios
including the worst, the intermediate, and the best possible
scenario for AUMS can be considered. The best scenario
predicts a stationary condition, yet the worst scenario predicts
a slowly increasing trend of new cases for the next 30 days.
Align with our estimates, using the Gompertz model, Ahmadi
et al. predicted a stationary condition in May for Iran.”’

According to the maximum likelihood value of R, in C
scenario and with the assumption of 100%, 70%, and
50% effectiveness of conducted interventions, at least
5%, 7%, and 10% of the people will be needed to be
infected or get immunized to achieve R <1, respectively.
Therefore, policymakers should try to implement more
effective interventions in order to achieve R <1 as soon
as possible.™

One of the strongest points of this study is the epidemic
mathematic model based on the Poisson distribution of the
incidence of infection. In addition to some random errors
which are associated with forecasting, the new policy of
the government to allow more people to go back to work or
possible changes in the behavior of the population and the
spread of the virus could affect the epidemic extent in the
next weeks. Still, executing optimal government strategies
against COVID-19 appears to be very necessary to continue
to come out of this pandemic. However, each policy that
countries execute against COVID-19 has some limitations,
and it seems that there will be transmission chains until an
effective vaccine is developed or population immunity or
seasonal changes are observed.!">*>*! Therefore, the most
important issue for controlling the COVID-19 epidemic is
finding all transmission events because each undetected
case of COVID-19 could be a source of a new epidemic.
Moreover, people should take personal protective
measures during the upcoming weeks.>!! Additional
limitation for this and other studies in these settings was
about the asymptomatic infections inevitably did not
included in this study. It should be emphasized that the Cls
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for the last days of prediction were wider than beginning
of prediction.

It is recommended that this presented information will be
updated for the future time. Furthermore, itis recommended to
conduct seroepidemiology surveys in the subgroups of studied
population to clarify the distribution of population immunity.

Conclusion

Based on the real-time data extracted from the center of Iran,
Rt has been decreasing substantially since the beginning of
the epidemic, and it is expected to remain almost constant
or continue to decline slightly in the next 30 days, which is
consequence of the schools and universities shutting down,
reduction of working hours, and social distancing.
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