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Abstract

Background: Over 150,000 confirmed cases, around 140 countries, and about 6,000 death occurred owing to coronavirus disease
2019 (COVID-19) pandemic in China, Italy, Iran, and South Korea. Iran reported its first confirmed cases of COVID-19 in Qom City on
19 February 2020 and has the third-highest number of COVID-19 deaths after China and Italy and the highest in Western Asia.
Methods: We applied a two-part model of time series to predict the spread of COVID-19 in Iran through addressing the daily relative
increments. All of the calculations, simulations, and results in our paper were carried out by using MatLab R2015b software. The
average, upper bound, and lower bound were calculated through 100 simulations of the fitted models.
Results: According to the prediction, it is expected that by 15 April 2020, the relative increment (RI) falls to the interval 1.5% to 3.6%
(average equal to 2.5%). During the last three days, the RI belonged to the interval of 12% to 15%. It is expected that the reported
cumulative number of confirmed cases reaches 71,000 by 15 April, 2020. Moreover, 80% confidence interval was calculated as 35K
and 133K.
Conclusions: The screening of suspected people, using their electronic health files, helps isolate the patients in their earlier stage,
which in turn helps decrease the period of transmissibility of the patients. Considering all issues, the best way is to apply the model
with no modification to model the probable increasing or decreasing acceleration of spreading.
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1. Background

The coronavirus disease 2019 (COVID-19) is an ongo-
ing pandemic caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). It was first identified
in Wuhan, Hubei, China in late December 2019. Until 14
March, over 150,000 cases were confirmed in about 140
countries, with epicenters China, Italy, Iran, South Korea,
and Europe, and about 6,000 people died owing to the dis-
ease (1, 2).

Nowadays, new infectious diseases are spreading
around the world faster than before. This unprecedented
rate is the result of some factors such as the increasing
ease of international travel, population growth, resistance
to drugs, and destruction of the environment. This high
rate of emergence emphasizes the importance of research
on the spreading of contagious diseases (3).

During the 2019-20 coronavirus pandemic, Iran re-

ported its first confirmed cases of COVID-19 in Qom City
on 19 February, 2020. Up to 14 March, 2020, according
to Iranian health authorities, there were 611 deaths due
to COVID-19 in Iran with more than 12,700 confirmed re-
ported cases (1, 2). Until 14 March, Iran had the third-
highest number of COVID-19 deaths after China and Italy
and the highest in Western Asia. As an epicenter, Iran is
an appropriate sample of a developing country, faced with
COVID-19. The rate of growth in Iran is more than all other
countries because the number of confirmed cases in this
country has reached over 10000, just within 3 weeks. The
daily rise in the number of casualties in Iran suggests the
fight against the new coronavirus is still far from over.

The model we used for describing the time series of the
daily relative increment is introduced by Jamshidi et al. (3).
It is a two-part model which the first and second parts are
stationary and non-stationary, respectively. In the second
part, the variance is proportional to the mean and hence,
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can become stationary by Box-Cox transformations (4). It
is noticeable that since the propagation of communicable
diseases has two different behaviors in the beginning and
the following days (5), we are forced to apply a two-part
model (Figure 1).

2. Methods

2.1. Model

Let Yt is a time series of the cumulative number of con-
firmed cases at time t. We want to studyXt =

Yt+1

Yt −1 , show-
ing the daily relative increment. The model we applied had
five positive parameters (b, IR, K, θ, and a);

For t = 1, …, b-1; Xt ~ normal (IR, IR2/a),
and for = b, b+1, …; Xt ~ normal (K/tθ , K2/at2θ).
Where; b, The length of the first days of spreading; IR,

the average relative increment in the first days of spread-
ing; θ, the acceleration of falling of the relative increments
after the first days of spreading (Xt ∝ t-θ for t = b, b+1, b+2,
…); a, the fixed ratio of the mean to the variance (a =

expectation
(Standard deviation)2

); and finally, K, the adjusting coeffi-

cient for the curve t-θ to fit the decreasing trend of the time
series of the relative increment.

2.2. Estimation

This model is flexible enough to provide analysis for
the propagation of a wide range of epidemics such as:

The SARS epidemic of 2003 (3), the MERS epidemic in
South Korea 20 May - 7 July 2018 (3), the Ebola outbreak of
2014 - 2016 (3), the propagation of HIV/AIDS from 1990 to
2018 (3), the spreading of the Cholera of 2008 - 2009 in Zim-
babwe (3), and the COVID-19 epidemic in China and four of
its provinces, Beijing, Guangdong, Shanghai, and Hubei in
2020 (3).

Owing to the flexibility and transparency of the model,
and the similarity between the pattern of the trend of the
cumulative number of confirmed cases in Iran and the
mentioned epidemics, we selected this model to conduct
a study on the subjects (Figure 2).

To estimate the parameters of the model, we can:
Take b as the first point that the geometric mean of

the relative increments in the previous points exceeds 3/2
times the geometric mean of the next three points or the
time point that the relative increments fall irreversibly.

Calculate the geometric mean of the cumulative ratios
in the previous points (1 + Xt) from t = 1 to t = b-1 as the esti-
mation of the parameter IR.

Estimate the parameters θ and K according to the fol-
lowing linear relation:

(1)

Xt ∼=
K

tθ

⇒
1

Xt

∼=
tθ

K

⇒ ln

(
1

Xt

)
∼= θ ln (t)− ln (K)

⇒ ln (Xt)

∼= −θln (t) + ln (K)

⇒ ln (Xt)

∼= θ ln

(
1

t

)
+ ln (K)

Multiply all the observations after t = b-1 by tθ/K to have
an identical mean and variance for all of the newly ob-
tained data (Wt).

Xt ∼ Normal

(
K

tθ
,
K2

at2θ
⇒ Wt =

tθ

K
X
t ∼ Normal

(
1,

1

a

))
(2)

Therefore, the variance of the newly obtained data is a
good candidate for 1/a. Accordingly, = 1/S2

W (3).

The mentioned procedure leads to the following esti-
mation (Figure 3):

bb̂, IRÎR,KK̂, θθ̂, aâ

= (13, 7217, 1.9042, 45, 2078, 0.0929)

2.3. Simulation and Prediction

To predict the studied time series based on the model,
using the above-mentioned parameters, we conducted the
following simulations;

We ran the model with parameters (13, 0.7217, 1.9042,
45.2078, 0.0929) from Feb 19th to Apr 15th (Figure 4A).

This simulation represents the accuracy of the model
to fit the available dataset using the average curve and 80%
upper and lower bounds.

We ran the model with parameters (13, 0.7217, 1.9042,
45.2078, 0.0929) from 15 March to 15 April (Figure 4B).

This simulation is the basis of our prediction. By using
the recursive formula 1 and based on the simulation, we
forecasted the cumulative frequency of confirmed cases
until 15 April, 2020.

It is worth mentioning that all the calculations, simula-
tions, and results in this paper were performed using Mat-
Lab R2015b software. Throughout the paper, the average,
upper bound, and lower bound were calculated through
100 simulations of the fitted models.
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Figure 1. The time series of relative increment of COVID-19 in Iran, the lower red line determines the breakpoint, where the irreversible falling happened, and the upper red
line represents the geometric mean of the relative increments before the breakpoint.
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Figure 2. The time series of the cumulative number of individuals infected by COVID-19 in Iran. The red line determines the breakpoint, where the irreversible falling in the
rate of growth happened.

Based on the obtained model, we attempted to simu-
late the model either retrospectively or prospectively, and
we got the graphs of Figure 4A -C as follows: (1) realization,
simulation, and prediction (Figure 4A); (2) realization and
prediction (Figure 4); and (3) pure prediction (Figure 4C)
of the model, respectively. According to the prediction, it is
expected that with probability 80%, the daily relative incre-
ment (RI) falls to the interval of 1.5% to 3.6% (with average
equal to 2.5%). It is noteworthy that during the last three
days, the mentioned index related to the interval of 12% to
15%.

In order to predict the cumulative number of the con-
firmed cases during the study (Yt), we applied the follow-
ing recursive equation:

(3)Xt = Yt+1/Yt − 1 Γ⇒ Yt+1 = Yt (Xt + 1) andY1 = 2

Therefore, Figure 5 was obtained as the predicted path
of the propagation of COVID-19 in Iran within a month. Cor-
respondingly, it is expected that the number of cumulative
confirmed cases reaches 71000 by 15 April, 2020. The 80%
confidence interval was calculated as 35K and 133K.

3. Discussion

We applied a two-part model of time series to predict
the spread of COVID-19 in Iran through addressing the daily
RI. According to our model and related calculations and
simulations, we expect that by 15 April, 2020, the daily rel-
ative increment will decrease to around 2.5% (80% confi-
dence interval: 1.5% to 3.6%). Accordingly, it is predicted
that the cumulative number of confirmed cases increases
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Figure 3. The graph of the regression to estimate the parameters of the model 1.9,
and 3.8 are the estimates of θ and ln (K), respectively.

Figure 4. A, The real data from 19 February to 14 March, 2020, and average curve, 80%
upper and lower bounds, and a sample realization of the fitted model from 19 Febru-
ary to 15 April, 2020; B, the real data from 19 February to 14 March, 2020, and average
curve, 80% upper and lower bounds, and a sample realization of the fitted model
from 15 March to 15 April, 2020; C, average curve, 80% upper and lower bounds, and
a sample realization of the fitted model for RI from 15 March to 15 April, 2020.

to 71,000 (80% confidence interval: 35,000 - 133,000) by 15

April 2020.

It seems that the rate of growth in Iran is more than all
other countries. The number of confirmed cases in Iran has
reached over 10,000 within the first three weeks. There are
some probable explanations for such a high rate of trans-
mission in Iran. COVID-19 is a viral disease with no vaccine,
and therefore, herd immunity is the only factor for stop-
ping the transmission of the disease. For countries such as
China, where the government applies very intensive poli-
cies for quarantine of affected people and cities, such huge
increment stops in a shorter period. Although some Eu-
ropean countries such as Italy follow the same strategy,
Iran had a very flexible policy in both international and
between cities traffic. Iran did not ban the air traffic be-
tween Iran and China during the outbreak of COVID-19 in
China. Nevertheless, the famous health network for pro-
viding primary health care in all urban and rural areas pro-
vide opportunities for health education to all people. In
addition, it seems that social distancing in Iran has not
been successful yet. While the disease became an epidemic
in China, Iran was involved in the parliamentary election
with a large number of election meetings.

In fact, because of the coming Iranian New Year hol-
idays, an increase could be expected due to traveling be-
tween big industrialized cities and small towns. Unfor-
tunately, there is no obligation for banning such trips in
Iran, and it does not seem that the government has any
intension for such a policy. Such social gathering has an
increasing effect on both of the number and probability
of transmission of the disease. However, the screening of
suspected people using their electronic health files, started
from the last week, helps isolate the patients in their earlier
stage, which, in turn, helps decrease the period of trans-
missibility of the patients. It is worth mentioning that our
prediction for the RI in Iran is based on the number of con-
firmed cases by real-time PCR. However, we acknowledge
that there are frequent patients diagnosed as COVID-19 by
lung CT scan. We did not take into account such cases as
they are not recorded as positive in the formal reports. On
the other hand, the government has pledged to make more
strict measures. Considering all such issues, the best way
is to apply the model with no modification to model the
probable increasing or decreasing acceleration of spread-
ing.

Footnotes

Authors’ Contribution: Idea, simulation, first draft: BJ.
Final draft: MR. Discussion: FN. Literature review and revi-
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Figure 5. The predicted average curve for the number of total confirmed cases, 80% upper bound, 80% lower bound, and two sample realizations of the fitted model for
15.03.2020 - 15.04.2020.
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