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Abstract

Background: Estimating the net reproductive number of COVID-19 virus can reveal the rate and severity of the disease transmission
in the Iranian society to health researchers and practitioners. Also, it signifies the importance of the disease to the community. Thus, the
aim of this study was to determine the net reproductive number of COVID-19 in Iran and its different provinces.

Methods: This study was conducted on the data of COVID-19 patients in Iran from February 21 to March 8, 2020. To determine the
net reproductive number of COVID-19 in Iran, the serial interval and  value were first determined using linear regression analysis.
Then, the net reproductive number values were calculated for Iran and its different provinces.

Results: The results of this study showed that the net reproductive number of COVID-19 in Iran was 1.31. Using the available data up
to March 15, 2020, the highest net reproductive number was in Mazandaran, Yazd, Isfahan, Qazvin, and Zanjan provinces, with values
of 2.07, 1.86, 1.84, and 1.76, respectively. The net reproductive number also showed an increasing trend in Kohgiluyeh and Boyer-
Ahmad province.

Conclusion: It seems that although the net reproductive number of the virus had a decreasing trend in the provinces, it is still high.
Therefore, sanitary measures in these provinces should be pursued more seriously. On the other hand, social distancing is a topic that
should be taken into consideration, that is, social gatherings and contacts should be avoided as much as possible and strategies and
facilities for this action should be developed by the government and health policymakers.
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Introduction

Coronaviruses are a large family of viruses, and some
cause disease in humans and others in animals such as bats,
camels, and cats. Coronaviruses usually cause mild disease
in humans and rarely evolve to infect humans and cause se-
vere diseases such as severe acute respiratory syndrome
(SARS) that appeared in 2002 and Middle East respiratory
syndrome (MERS) in 2012 (1, 2).

COVID-19 is a new variant of the Coronavirus that was
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not previously known in humans. The virus was first
identified in Wuhan, Hubei Province, China, where it
spread widely and consistently. Since then, it has been
widely distributed in China and around the world. The
COVID-19 virus is closely related to the bat Coronavirus
(3). There is currently a great deal of uncertainty about how
COVID-19 spreads, its severity, and other factors influenc-
ing the spread and incidence of the virus, and thus much

tWhat is “already known” in this topic:

This was the first study to investigate the net reproductive
number estimation and herd immunity of COVID-19 in all
provinces of Iran.

— What this article adds:
The results of this study showed that the net reproductive

number of COVID-19 in Iran was 1.31, which indicated an
increasing trend since February 21, 2020, reaching its highest
level (1.47) on March 3, 2020. However, it started a downtrend
and reached 1.31 on March 15, 2020.
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more epidemiological and clinical research is needed to
find answers in this regard. The outbreak of new Corona-
virus infections has raised public health concerns among
people around the world, especially in developing coun-
tries. In Iran, as of March 13, 2020, a total of 11 364 people
have had symptoms of COVID-19, of whom 3529 recov-
ered and 514 died. The trend of definitive and deceased
cases has been increasing in Iran. According to studies and
clinical findings, the incubation period of the virus is 14 to
15 days. The net reproductive number of the disease and
the virus is 4.7 to 6.6, indicating that an average person can
infect 4 to 6 people. It is also estimated that the number of
cases doubles every 6 to 7 days (4-6). The first laboratory-
confirmed case of COVID-19 in Iran was identified and re-
ported on February 19, 2020 by the Pasteur Institute of Iran.

Identifying the net reproductive number of the virus in
Iran can be useful in determining the epidemic peak, dis-
ease trend, and planning for social, preventive, and thera-
peutic interventions. The aim of this study was to determine
and estimate the net reproductive number of COVID-19 vi-
rus in Iran and its different provinces.

Methods

Research data

The data for this study included information from people
with COVID-19 in Iran from February 21 to March 8, 2020.
Data were collected from the daily reports of the Ministry
of Health and Medical Education in Iran. All patients who
tested positive for COVID-19 based on laboratory results
and were reported by the Ministry of Health and Medical
Education (MoH) were included in this study. Information
on the daily numbers of these patients was obtained using
daily reports provided by the Ministry of Health and Med-
ical Education (MoH) (7).

Model structure

In this study, a branching model was used to estimate the
net reproductive number, in which the number of secondary
cases caused by patients with symptoms was estimated us-
ing equal mean negative binomial distribution (Fig. 1).
Secondary cases occur only if the infected person is not
separated from others after he/she has been infected. In the
next step, the cumulative number of occurrences per day
and its logarithm were calculated. As data on the number of
infected individuals were not available, we used the cumu-
lative number of cases and its logarithm instead of calculat-
ing the growth rate. Then, the linear relationship between
the cumulative logarithm of cases in various days was esti-
mated by simple linear regression and the estimated B value

Asymptomatic

Susceptible Exposed

Fig. 1. Flow diagram of the compartmental model of COVID-19 in Iran
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was considered to be A (8-11).

If neither the preinfectious nor infectious periods are
short, relative to the other, a branching model can best de-
scribe the natural history, and thus the equation for Rn can
be as follows (12, 14):

= (1+AD)(1 + AD")

This equation leads to the estimation of the net reproduc-
tive number of COVID-19 in Iran at the start of the epi-
demic. Were D' is the average preinfectious period and D
the average infectious period of COVID-19 in Iran and
provinces. Also, in this equation, the preinfectious and in-
fectious periods follow the exponential distribution (15-
17).

Statistical analysis
All analyses were done using Excel.

Results

The results of this study showed that the net reproductive
number of COVID-19 in Iran was 1.31. In Iran, this number
has been rising since February 21, 2020, reaching its high-
est level (1.47) on March 3, 2020. However, after March
third, it started a downtrend and reached 1.31 on March 15.
The highest and lowest values of the net reproductive num-
ber in Iran were 1.47 and 1.23, respectively (Table 1 and
Fig. 2).

The results were also analyzed by different provinces.
Using the data available up to March 15, it was found that
the net reproductive number was increasing only in Koh-
giluyeh and Boyer Ahmad province, and thus the number
of future infections in this province will rise (Table 1 and
Fig. 2). However, as of March 15, the net reproductive
number of COVID-19 has been declining or remaining con-
stant in other provinces of Iran (Table 1 and Fig. 3). To date
(March 15), the highest net reproductive number has been
in Mazandaran, Yazd, Isfahan, Qazvin, and Zanjan prov-
inces, with values of 2.07, 1.86, 1.84, and 1.76, respec-
tively. The lowest values of the net reproductive number on
March 15 were in Kohgiluyeh and Boyer Ahmad, Ardebil,
and South Khorasan provinces, which were 1.12, 1.04,
1.12, and 1.15, respectively (Table 1 and Fig. 2). At the be-
ginning of this epidemic on February 21 to February 24,
2020, the highest net reproductive number was in Mazanda-
ran, Gilan, Tehran, and Qom provinces, with values of 2.14,
1.43, 1.31, and 1.29, respectively.

Some provinces initially had very high net reproductive
number, which decreased after the passage of COVID-19

—» Hospitalized ——— Recovered
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Table 1. The net reproductive number of COVID-19 in Iran based on provinces

Days Iran Qom  Tehran Markazi  Gilan Mazandaran Hamedan  Esfahan  Fras = Hormozgan Khorasan. Koh-Boir- Khuzestan
Razavi Ahmad
21-Feb - - - - - - - - - - - - -
22-Feb 1.237 - - - - - - - - - - - -
23-Feb 1.299  1.291 1.311 - - - - - - - - - -
24-Feb 1.325  1.305 1.325 1.134 1.435 - - - - - - - -
25-Feb 1.356  1.303 1.368 1.234 1.636 2.145 - - - - - - -
26-Feb 1.377  1.321 1.360 1.228 1.701 2.400 - 2.866 - - - -
27-Feb 1.410 1.322 1.418 1.217 1.863 2.327 - 1.813 2.387 1.509 - - -
28-Feb 1432 1.302 1.472 1.191 2.058 2.618 1.218 2.858 1.624 1.241 1.376 - -
29-Feb 1.445  1.286 1.493 1.166 2.162 2.695 1.186 3.097 1.356 1.141 1.296 1 1.241
1-Mar 1.458 1.275 1.518 1.208 2.173 2.662 1.337 2.173 1.534 1.093 1.218 1 1.304
2-Mar 1.467  1.267 1.534 1.259 2.152 2.558 1.261 2.849 1.602 1.134 1.537 1 1.349
3-Mar 1472 1.269 1.549 1.284 2.132 2.436 1.270 2.703 1.601 1.212 1.632 1 1.362
4-Mar 1.468  1.269 1.548 1.302 2.102 2.301 1.308 2.620 1.573 1.226 1.625 1 1.335
5-Mar 1.457 1272 1.532 1.304 2.056 2.178 1.309 2.470 1.545 1.217 1.596 1 1.330
6-Mar 1.447  1.269 1.508 1.301 2.015 2.115 1.319 2.407 1.520 1.207 1.608 1 1.305
7-Mar 1.435  1.268 1.483 1.295 1.976 2.121 1.328 2.363 1.491 1.204 1.583 1.015 1.275
8-Mar 1.421  1.267 1.459 1.287 1.935 2.145 1.337 2.305 1.461 1.206 1.565 1.022 1.246
9-Mar 1.404 1.262 1.436 1.287 1.886 1.754 1.350 2.238 1.430 1.204 1.538 1.030 1.221
10-Mar 1.388  1.254 1.413 1.270 1.789 1.912 1.350 2.162 1.405 1.205 1.511 1.033 1.201
11-Mar 1.372  1.245 1.392 1.260 1.788 2.020 1.348 2.084 1.382 1.206 1.485 1.036 1.190
12-Mar 1.358  1.236 1.373 1.250 1.740 2.073 1.341 1.599 1.361 1.203 1.460 1.037 1.181
13-Mar 1.343  1.227 1.356 1.240 1.699 2.145 1.332 1.956 1.343 1.205 1.435 1.041 1.174
14-Mar 1.329 1.218 1.340 1.231 1.663 2.094 1.323 1.898 1.327 1.191 1.417 1.043 1.167
15-Mar 1.317  1.209 1.325 1.223 1.632 2.077 1.312 1.849 1.310 1.182 1.398 1.044 1.162
Table 1. Ctd
Days Kermanshah Ardebil Alborz Semnan Sistan & Yazd West East Kurdistan ~ Qazvin  Golestan  Ilam  Kerman
Balochestan Azerbaijan  Azerbaijan
21-Feb - - - - - - - - - - - - -
22-Feb - - - - - - - - - - - - -
23-Feb - - - - - - - - - - - - -
24-Feb - - - - - - - - - - - - -
25-Feb - - - - - - - - - - - - -
26-Feb - - - - - - - - - - - - -
27-Feb - - - - - - - - - - - -
28-Feb 1.855 1.435 3.672 2.866 - - - - - - - -
29-Feb 1.395 1.545 2.866 2.096 - - - 1.855 1.855 - - - -
1-Mar 1.229 1.384 2.791 1.865 1.081 3.256 - 1.678 1.803 5.694 12.144 - -
2-Mar 1.223 1.272 3.054 1.695 1.121 2.702 - 1.440 1.533 2.866 5.028 1.813 -
3-Mar 1.207 1.200 2.857 1.540 1.137 2.308 1.223 1.302 1.368 3.131 3.046 1.813 1.813
4-Mar 1.190 1.163 2.717 1.532 1.141 2.049 1.257 1.362 1.267 3.170 1.744 1.544 1.376
5-Mar 1.236 1.134 2.535 1.505 1.181 1.833 1.240 1.357 1.234 2.978 1.961 1.624 1.767
6-Mar 1.241 1.139 2.420 1.492 1.202 1.669 1.254 1.334 1.224 2.767 1.783 1.548 1.676
7-Mar 1.237 1.146 2.362 1.499 1.205 1.914 1.233 1.306 1.246 2.626 1.867 1.479 1.603
8-Mar 1.229 1.144 2.259 1.489 1.213 2.040 1.275 1.276 1.244 2.434 1.920 1.422 1.569
9-Mar 1.217 1.141 2.144 1.473 1.209 2.064 1.282 1.257 1.244 2.271 1.902 1.365 1.505
10-Mar 1.208 1.140 2.032 1.456 1.199 2.033 1.291 1.241 1.235 2.140 1.844 1.362 1.429
11-Mar 1.200 1.140 1.937 1.431 1.190 2.007 1.288 1.227 1.225 2.020 1.777 1.373 1.373
12-Mar 1.192 1.136 1.858 1.410 1.181 1.970 1.283 1.212 1.214 1.919 1.712 1.369 1.344
13-Mar 1.187 1.132 1.795 1.391 1.173 1.928 1.276 1.201 1.203 1.838 1.658 1.358 1.318
14-Mar 1.182 1.128 1.736 1.371 1.165 1.890 1.268 1.195 1.193 1.765 1.612 1.343 1.298
15-Mar 1.177 1.125 1.692 1.354 1.156 1.861 1.260 1.189 1.181 1.705 1.566 1.327 1.277

epidemic days. For example, in Golestan province, the
COVID-19 net reproductive number on the first day was
12.14, indicating that in Golestan province, every infected
person could infect 12 susceptible individuals on the first
day, while the net reproductive number declined to 5.02 on
the second day (Table | and Fig. 3).

Discussion

The main aim of this study was to determine the net re-
productive number of COVID-19 in Iran and its different
provinces. The results showed that the net reproductive
number of the virus was 1.31 in Iran. Based on the results
of the present study, the net reproductive number of the dis-
ease in Iran was increasing at the beginning of the disease,
reaching 1.47 on March 3, 2020, but it declined after March
third and we can expect further decline in the coming days.
These results prove that with continuation of interventions
and cooperation of the public, the number is likely to drop

below 1 in March 2020, eventually leading to a gradual de-
cline of the epidemic. However, the changes were not the
same in all provinces. For instance, in Mazandaran, Yazd,
Isfahan, Qazvin, and Zanjan, the net reproductive number
is still higher than other provinces, which may be due to the
delay in the onset of the epidemic in these provinces, lead-
ing to a delay in their declining trend of the disease. On the
other hand, people’s trips to the provinces could be another
reason for more contact and easier and faster spread of the
virus. Determining the net reproductive number of COVID-
19 in Iran and other countries is of high importance, as it
helps the health professionals to learn about the speed of
transmission of the disease and its severity in susceptible
people, which is important in providing preventive care
programs in the region (18). The B calculated in the model
represents the biology of the virus and its mode of trans-
mission. Finally, it can be argued that the net reproductive
number is a combination of the number of effective con-
tacts in a community and the rate of infection of the
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Table 1. Ctd
Days South Khorasan ~ North Khorasan ~ Zanjan  Chahar-Mahal - Bakhtiari ~ Busher  Lorestan

21-Feb - - - - - -
22-Feb - - - - - -
23-Feb - - - - - -
24-Feb - - - - - -
25-Feb - - - - - -
26-Feb . - - - - -
27-Feb - - - - - -
28-Feb . - - - - -
29-Feb - - - - - 1.813
1-Mar - - - - - 1.459
2-Mar 1.624 - - - - 1.558
3-Mar 1.498 - - - - 1.499
4-Mar 1.326 - - - - 1.440
5-Mar 1.225 - 5.692 - - 1.406
6-Mar 1.235 4.401 4.028 10.220 - 1.397
7-Mar 1.223 5.541 4.112 5377 2282 1433
8-Mar 1.199 4.410 3.366 3.519 2221 1.447
9-Mar 1.206 3383 2.765 2.776 1983 1.450
10-Mar 1.193 2.870 2.425 2377 1766 1.437
11-Mar 1.185 2458 2.188 2.181 1768 1421
12-Mar 1.178 2.224 2.037 1.995 1.676 1401
13-Mar 1.170 2.024 1.920 1.882 1.609 1381
14-Mar 1.161 1.863 1.830 1.771 1533 1362
15-Mar 1151 1.736 1.764 1673 1503 1.342
COVID-19, which can be an important indicator in preven-  outside home and participation in unnecessary gatherings
tive and therapeutic measures (19). and events and, finally, no adherence to personal hygiene.
In some provinces such as Kohgiluyeh and Boyer Ah-  This province is also one of the tourist destinations of Iran,

mad, the net reproductive number is already increasing, = where people come to the area for holiday trips, which is
which may be attributed to the wider presence of people  also contributing to the increase in the net reproductive
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number. These estimates are based on recorded and re- individuals admitted to intensive care units. This has in-

ported data. According to studies and results published in
Iran and around the world, a significant percentage of in-
fected people have very mild symptoms and are even
asymptomatic. This means that a small fraction of patients
has symptoms and are diagnosed and only few will need
serious medical interventions, which is not the case only in
Iran. The results from China and other countries involved
in this epidemic also indicate that the dangerous side effects
of'this infection are far less than previous forms of this virus
(MERS and SARS). The obvious reason is that although
this epidemic first began and had a rapid trend in Qom
province in Iran, according to the latest detailed epidemio-
logical analysis, the actual death rate has grown slowly and
is approaching stability. Therefore, all statistical and math-
ematical models are based on probability and the available
data and may be underestimated or overestimated. On the
other hand, COVID-19 test is only conducted for hospital-
ized patients with severe symptoms and the test is not per-
formed for many outpatient and asymptomatic patients in
Iran. As a result, the majority of tests are done for high-risk

creased the death rate in Iran compared to some other coun-
tries, while the mortality number is for patients with serious
conditions and, in this group, even if they do not have the
Coronavirus, the death rate is considerable. Accordingly,
death estimates should be based on national and interna-
tional scientific evidence. Epidemiological models suggest
that if the disease can be managed properly by public coop-
eration, the infection rate can decrease steadily, resulting in
a substantial decrease in the number of deaths.

An important limitation of this study was its inability to
estimate the sensitivity of the data provided by the surveil-
lance system which were reported by the Iranian MoH.
However, if the reports were sustainable over time, our re-
sults would not be affected.

Conclusion

It seems that the net reproductive number of the Corona-
virus in some provinces has a decreasing trend, but it is still
high. Therefore, sanitary measures in these provinces
should be pursued more seriously. On the other hand, the
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declining trend of the net reproductive number in some
provinces has been increasing again, which seems to be due
to poor sanitation and quarantine measures in these prov-
inces. Suggestions to reduce the net reproductive number

of the virus are as follow:

o Increasing public awareness of Coronavirus transmis-

muting.

sion by setting up information stations throughout the

country; setting up 24-hour telephone counseling centers;

e Developing health centers to provide services to peo-
ple and to accommodate patients with all facilities;

e Increasing cross sectoral collaboration with other or-
ganizations such as the Islamic Republic of Iran Broad-
casting, etc. To provide and keep track of health issues and
emphasize the importance of quarantine;
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