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Abstract: Introduction: In infectious diseases, there are essential indices used to describe the disease state. In this study, we
estimated the basic reproduction number, RO, peak level, doubling time, and daily growth rate of COVID-19. Methods:
This ecological study was conducted in 5 provinces of Iran. The daily numbers of new COVID-19 cases from January 17
to February 8, 2020 were used to determine the basic reproduction number (R0), peak date, doubling time, and daily
growth rates in all five provinces. A sensitivity analysis was conducted to estimate epidemiological parameters. Results:
The highest and lowest number of deaths were observed in Hamedan (657 deaths) and Chaharmahal and Bakhtiari (54
deaths) provinces, respectively. The doubling time of confirmed cases in Kermanshah and Hamedan ranged widely from
18.59 days (95% confidence interval (CI): 17.38, 20) to 76.66 days (95% CI: 56.36, 119.78). In addition, the highest daily
growth rates of confirmed cases were observed in Kermanshah (0.037, 95% CI: 0.034, 0.039) and Sistan and Baluchestan
(0.032, 95% CI: 0.030, 0.034) provinces. Conclusions: In light of our findings, it is imperative to tailor containment
strategies to the unique epidemiological profiles of each region in order to effectively mitigate the spread and impact of
COVID-19. The wide variation in doubling times underscores the importance of flexibility in public health responses.
By adapting measures to local conditions, we can better address the evolving dynamics of the pandemic and safeguard
the well-being of communities.

Keywords: Basic Reproduction Number; COVID-19; Disease Transmission, Infectious; Epidemics; Public Health Surveil-
lance
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1. Introduction

The novel coronavirus disease 2019 (COVID-19) began in
China in December 2019. It spread worldwide and the World
Health Organization (WHO) confirmed that it became a pub-
lic health concern (1). For infectious diseases, there are key
indices that are used to describe the disease state.

One of these indices is the basic reproduction number (R0),
defined as the average number of new infections caused by
an infected person in a susceptible population (2). In the
spread of coronavirus infections, the reproduction number
has been shown to vary, affecting the dynamics of coron-
avirus outbreak transmission and the reporting rate of cases
(3). Reported estimates of COVID-19 RO vary widely, rang-
ing from 1.4 to 6.49 (4, 5). The influences of all other re-
lated factors are reflected in the change in case numbers over
time, making an important contribution to the development
of public health interventions (6).

Another important index is the point in time at which the
number of cases doubles. In other words, the doubling time
of the epidemic characterizes the sequence of intervals in
which the cumulative incidence doubles (7). The doubling
time measures the rate at which the epidemic is growing, and
an increase in the doubling time indicates that transmission
is decreasing (8). An increase in doubling time indicates a
decrease in transmission if the underlying reporting rate re-
mains unchanged (9). Understanding the rapid transmission
or reducing trend within the country is crucial for designing
interventions.

By analyzing these key epidemiological parameters, re-
searchers and policymakers can gain insight into the trans-
mission potential of the virus in specific regions, which is es-
sential for the development of targeted intervention strate-
gies. This analysis enables the identification of areas with
higher transmission potential and helps to guide efforts to
contain the spread of the virus in these regions. In addition,
understanding the dynamics of COVID-19 transmission at
the local level is crucial for adapting response strategies tai-
lored to the specific needs and challenges of each province,
ultimately contributing to a more effective containment of
the epidemic. Furthermore, estimating these epidemiolog-
ical parameters can help predict the future trajectory of the
COVID-19 epidemic. This proactive approach enables the
development of contingency plans and the implementation
of measures to minimize the burden on healthcare systems.
Therefore, in this study we aimed to estimate the basic re-
production number, R0, peak date, doubling time, and daily
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growth rate using confirmed and death cases of COVID-19 in
five provinces of Iran.

2. Methods
2.1. Study design and setting

This ecological study was conducted in 5 provinces of Iran,
including Kermanshah, Hamedan, Kurdistan, Chaharmahal
and Bakhtiari, and Sistan and Baluchestan. We extracted the
number of daily infections and symptom onset information
for primary cases (infectors) and secondary cases (infectees)
from the integrated healthcare system and calculated the du-
ration of symptom onset from January 17 to February 8, 2020,
to determine RO, peak date, doubling time, and daily growth
rates in all five provinces.

We selected the five provinces to capture a diverse and repre-
sentative sample of Iran’s population. These provinces were
chosen due to their geographical diversity, varying epidemi-
ological profiles, differences in healthcare infrastructure and
public health response, socioeconomic variability, and the
availability of reliable data. This selection ensures that our
study reflects a broad spectrum of conditions, providing
comprehensive insights into the dynamics of the COVID-19
epidemic across different regions.

The ethical approval was granted by review board of the
National Institutes for Medical Research Development (NI-
MAD), Tehran, Iran (IR.NIMAD.REC.1390.075). This study
adhered to ethical recommendations and guidelines for re-
search involving human subjects and data. All data were
anonymized to protect the privacy and confidentiality of the
included subjects.

2.2. Participants

All approved cases of COVID-19 from the aforementioned
provinces, which were reported in the COVID-19 patient reg-
istry were included. Cases with incomplete data necessary to
compute the main epidemiological parameters of our study
were excluded.

2.3. Data gathering

After the confirmation of the epidemic of COVID-19 in Iran,
data on patients with COVID-19 (confirmed, probable, and
suspected cases), diagnosed baed on real-time polymerase
chain reaction (RT-PCR) test or chest CT-scan or clinical
symptoms were collected by the Disease Control Unit of the
Health. This data includes all information on province, dis-
trict, age, gender, date of onset of symptoms, hospitaliza-
tion, bed confinement and discharge or death date, sever-
ity of infection, symptom (cough, fever, shortness of breath,
headache, runny nose, etc.), history of chronic diseases,
travel history, history of other treatments, close contacts with
other people, and if they are confirmed cases of COVID-19.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).

Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



In each province, the information about confirmed, proba-
ble, and suspected cases of coronavirus has been registered
daily since February 22, 2020. The operators in each province
were responsible for entering COVID-19 case data into the
registry. Data collection from the registry for this study was
conducted by one of the authors (SSHN).

2.4. Definitions

- Basic reproduction number (R0) was defined as the average
number of new infections caused by an infected person in a
susceptible population.

- The doubling time characterizes the sequence of intervals
in which the cumulative incidence of the epidemic doubles.
If an epidemic grows exponentially at a constant growth rate
(r), the doubling time remains constant and is equal to (In
2)/r.

- Daily growth rate was defined as the rate of daily increase in
number of confirmed cases.

2.5. Statistical analysis

2.5.1 Serial interval

Since we did not have clear information on the full spectrum
of serial interval distribution, we assumed that the serial in-
terval at the beginning of the outbreak in Iran was similar to
that in a study of 5405 confirmed cases with 139 transmis-
sion chains in China (3).The estimated serial intervals in this
study had a mean of 4.27 days and a standard deviation (SD)
of 3.44 days. Other studies have also reported a range of serial
intervals with a mean of 4.7 to 7.5 and a standard deviation
of 2.9 to 4.2 days (10-13), and the total sample size in these
studies ranged from 28 to 425 confirmed cases. We used a
gamma distribution with shape and scale parameters com-
patible with the mean and SD mentioned. All analyses were
performed using R version 3.6.3. Parameters were estimated
using the exponential growth rate method, maximum likeli-
hood estimation, and the time-dependent Bayesian method
explained in another paper (14), using the RO package (15).
2.5.2 Exponential Growth Rate (EGR)

In the initial phase of an epidemic, the number of infected
cases increases exponentially. The number of newly reported
confirmed cases corresponds to the number of individuals
infected on each day, and the corresponding serial interval
approximates the generation time. Supposing the exponen-
tial growth rate of the epidemic is R, which can be deter-
mined by fitting a least squares line to the daily number of
reported new confirmed cases on a logarithmic scale, namely
log (N1).
lated according to the Euler-Lotka equation in a moment-
generating form (16). The parameter r indicates the rate of
spread of the disease (17).

2.5.3 Time-dependent method

Hence, the reproduction number can be calcu-

Wallinga and Teunis developed the time-dependent calcu-
lation of the reproduction number (R) in 2004 (17). In this
method, the effective reproduction number (R) is calculated
by taking the arithmetic mean of the effective reproduction
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number of the case (Rj) for all those who indicate the first
symptoms of the disease on day t. The Epistemic R pack-
age software (version 2.2.3) was used to estimate the time-
varying RO using a Bayesian method.

2.6. Sensitivity analysis

A sensitivity analysis was conducted to assess the signif-
icance of generation time in evaluating the reproduction
number. Indeed, the reproduction number is sensitive to the
generation time distribution function. Different measures of
RO (95% confidence interval (CI)) estimates were computed
in the sensitivity analysis by varying the mean serial interval
between 4 and 8 and the mean standard deviation between 2
and 5.

3. Results

3.1. Baseline characteristics of studied cases

From February 22 to April 9, the confirmed COVID-19 cases
were detected by PCR. The number of confirmed cases
and deaths were 32122 and 1958 cases, respectively, in five
provinces of Iran (Kermanshah, Kurdistan, Hamedan, Cha-
harmahal and Bakhtiari, and Sistan and Baluchestan).

The date of peak, doubling time (the time needed to dou-
ble the number of cases), and daily increase in confirmed
cases and deaths are shown in Table 1. Kermanshah with
13668 confirmed COVID-19 cases and Hamedan with 2064
COVID-19 cases had the highest and lowest number of cases,
respectively. The highest and lowest number of deaths was
observed in Hamedan (657 deaths) and Chaharmahal and
Bakhtiari (54 deaths). The epidemic curve (basic reproduc-
tion number, peak date, doubling time, and daily growth
rate) of the confirmed cases and deaths is shown in Figures
1-4.

3.2. Doubling time

During the study, the doubling time of confirmed cases in
Kermanshah and Hamedan was 18.59 days (95% CI: 17.38,
20) and 76.66 days (95% CI: 56.36, 119.78), respectively. The
minimum and maximum doubling time of deaths were ob-
served in Kermanshah and Chaharmahal and Bakhtiari with
21.22 days (95% CI: 19.80, 22.86) and 334.20 days (95% CI:
162.09, 540.70), respectively.

3.3. Basic reproduction number (R0)

As shown in Figure 1, the estimated R-values of COVID-19
were high in all five provinces between February and March.
From March to June, a gradual fluctuation was observed in
four provinces, with the values of RO fluctuating between 1
and 2; however, in Kermanshah, the fluctuation was more
drastic. While the RO value was 0.5 on March 23, it reached
2 on April 6.
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3.4. Peak date and daily growth rate

The first peak was reached on June 13, 2022, in Kurdistan
and on July 5, 2020, in Kermanshah. The doubling time
and daily growth rate of COVID-19 in Kermanshah and Sis-
tan and Baluchestan showed a similar pattern. The highest
daily growth rate of confirmed cases was observed in Ker-
manshah and Sistan and Baluchestan with 0.037 (95% CI:
0.034, 0.039) and 0.032 (95% CI: 0.030, 0.034), respectively.
This index was 0.028 (95% CI: 0.026, 0.031) and 0.022 (95% CI:
0.020, 0.025) for Kurdistan, and Chaharmahal and Bakhtiari,
respectively. However, as the epidemic progressed, the time
to doubling of cases was shorter in Kurdistan than in Cha-
harmahal and Bakhtiari (23.91 vs. 30.45 days). In Hamedan,
a gradual increase in the daily growth rate (0.009) coincided
with the increase in doubling time (76.66 days). The doubling
time of deaths increased sharply in Hamedan compared to
the other four provinces. While the daily growth rate was
0.012 in Kermanshah, it was 0.008 in Kurdistan, and Sistan
and Baluchestan, 0.005 in Hamedan, and 0.002 in Chaharma-
hal and Bakhtiari.

4. Discussion

This study aimed to determine the basic reproduction num-
ber, peak date, doubling time, and daily growth rate of
confirmed cases and deaths of COVID-19 in five provinces
in Iran, including Kermanshah, Hamedan, Kurdistan, Cha-
harmahal and Bakhtiari, and Sistan and Baluchestan. The es-
timated RO values indicate the potential for transmission in-
tensity, guiding the urgency and scale of interventions such
as testing, contact tracing, and social distancing measures.
Shorter doubling times highlight rapid epidemic growth, ne-
cessitating immediate and aggressive control measures to
mitigate spread. Conversely, longer doubling times suggest
a slower pace of transmission, allowing for more targeted
and adaptable public health strategies. These insights under-
score the importance of context-specific approaches in pan-
demic response efforts. The basic reproduction number re-
flects the ability of an infection to spread uncontrollably (18).
The results of the reproduction number are consistent with
other studies.

Musa et al. rated the basic reproduction number, RO, as 2.37
(95% CI: 2.22, 2.51) (12). D’Arienzo reported RO values rang-
ing from 2.43 to 3.10 (10). According to Locatelli (11), the ba-
sic reproduction number in Western Europe is 2.2 (95% CI:
1.9, 2.6). Similar studies have also determined the RO in var-
ious regions in Iran. In studies conducted by Rahimi et al.
in Lorestan province, the number of R(t) was estimated to be
0.56-4.97 and 0.76-2.47 for periods of 7 and 14 days, respec-
tively (13). Azimi et al. evaluated the value of RO using three
different methods in Tehran. The value of RO from Febru-
ary 19 to 29 using the exponential growth method, maximum
likelihood method, and Bayesian time-dependent method
was 4.70 (95% CI: 4.23, 5.23), 3.90 (95% CI: 3.47, 4.36), and
3.23 (95% CI: 2.94, 3.51), respectively (14).

One item that can directly affect the increase or decrease of
RO is the intensity of the control measure. The simultaneous
application of multiple restrictions decreases the value of RO
due to the reduction of close contact in the population; how-
ever, the elimination of or reduction in the number of control
measures may lead to high susceptibility of individuals and
families to this disease, which can be considered as a possi-
ble reason for an increase in the epidemic curve (13).

The doubling time indicates the rate of the spread of the dis-
ease and the extent of control measures required to contain
the disease. Our estimates of the doubling time are longer
than other estimates (1, 2). The doubling time of confirmed
cases in Iran is 18.59 (95% CI: 17.38, 20.00) to 76.66 (95% CI:
56.36, 119.78) days. Rodriguez estimated the doubling time
of COVID-19 by province in China. The doubling times esti-
mated from cumulative incidence ranged from 1.4 (95% CI:
1.2, 2.0) days in Hunan province to 3.1 (95% CI: 2.1, 4.8) days
in Xinjiang province from January 20 to February 9, 2020 (9).
Shim et al. determined the doubling time over two waves of
the COVID-19 pandemic in South Korea.

The time in which the cumulative incidence doubles was
shorter in the first wave (between 2.8 and 4.6 days) than in
the second wave (between 3.6 and 10.1 days) from February
to July 2020 (19). In the Xu study, the doubling time was 5
days (95% CI: 4, 7 days) from March 13 to March 19, 2020
(20). The difference between our results and other studies
lies in the extent of non-pharmaceutical interventions imple-
mented by each country (21).

For example, strict social distancing, quarantine, and lock-
down can extend the doubling time. Another important rea-
son for this difference is the effectiveness of contact trac-
ing, improving accurate case definition and strategic testing
(21). Higher testing rates help to identify the hosts of the
virus; therefore, countries with mass testing have lower dou-
bling rates (22). In this context, different protocols are carried
out in Iran depending on the epidemic conditions in each
province. The doubling time may vary in 5 provinces due to
the specific control strategy implemented by each province.
The variation of the doubling time can also be observed in
death rates. Kermanshah and Chaharmahal and Bakhtiari
had the lowest and highest doubling times of 21.22 (95% CI:
19.80, 22.86) and 334.20 (95% CI: 162.09, 540.70) days, respec-
tively. The accuracy of COVID-19 mortality registration and
disease intensity are significant factors that directly affect the
number of deaths in patients with COVID-19.

Similar to the doubling time result, the daily growth rate of
both confirmed cases and deaths also has a wide range. The
results show that the minimum and maximum growth rates
were 0.009 and 0.037 for confirmed cases, and 0.005 and
0.012 for death cases in Hamedan and Kermanshah, respec-
tively. For deaths, the minimum and maximum daily growth
rates were 0.002 in Chaharmahal and Bakhtiari and 0.012 in
Kermanshah, respectively. Numerous growth rates were re-
ported in other studies. For example, in 2020, the growth rate
from March 13 to 19 was 0.18 (95% CI: 0.11, 0.24) and reached
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a minimum of 0.19 (95% CI: 0.29, 0.10) in the study by Xu
conducted in the USA. (20). An important factor that directly
affects the growth rate is changes in testing rates, resulting
from limited diagnostic testing capacity, ultimately masking
the epidemic’s growth rate (23).

The differences observed in the above-mentioned epidemi-
ological indices between five provinces can be attributed to
several key factors. Variability in public health interventions,
such as the timing and stringency of measures like lock-
downs, testing strategies, and contact tracing play a crucial
role in shaping transmission dynamics. Additionally, differ-
ences in population density, healthcare infrastructure, so-
cioeconomic status, and adherence to preventive measures
may also influence the regional spread of COVID-19. Fur-
thermore, local variations in virus strains, reporting prac-
tices, and the timing of epidemic peaks can contribute to the
observed disparities.

We performed multiple analyses to ensure the robustness of
our estimates. These included sensitivity analyses to account
for variations in non-pharmaceutical interventions and test-
ing rates. Our findings demonstrate significant regional vari-
ability in epidemic parameters, underscoring the need for
tailored public health responses.

Given the limitations and variability in our estimates, a cau-
tious interpretation is warranted. While our study provides
valuable insights into the dynamics of the COVID-19 epi-
demic in Iran, the results should be interpreted in the context
of the specific regional and temporal conditions. Policymak-
ers should consider these factors when using our estimates
to inform public health strategies.

4.1. Limitations

One of the main limitations of our study stems from potential
biases in the data due to possible underreporting and incom-
plete data across the provinces studied. Variations in health-
care infrastructure and reporting practices could lead to dis-
crepancies in the reported number of COVID-19 cases and
deaths, affecting the accuracy of our estimates. Moreover,
the reliance on mathematical models to estimate epidemi-
ological parameters such as the basic reproduction number
(R0), doubling time, and daily growth rate introduces inher-
ent uncertainties. These models rely on assumptions about
disease transmission dynamics and may be sensitive to vari-
ations in parameter inputs and model structure. Despite ef-
forts to mitigate these limitations through sensitivity analy-
ses and robust data validation, these inherent biases and un-
certainties should be considered in the interpretation of our
findings.

To estimate the actual value of RO, we need to identify all daily
counts of COVID-19; however, due to the high number of
asymptomatic patients and the limitations in detecting and
identifying all patients, there is a major limitation in deter-
mining RO, but as far as the proportion of confirmed cases to
all cases is constant, the estimated RO will be valid. A key con-
sideration is the relationship between R0, doubling time, and
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growth rate. Although the measurements in this paper were
compared with results from other countries, the timing of the
epidemic in different regions should be considered. It should
also be noted that the estimated values of the indices used in
this work depend on the model used and the values of other
parameters, which may affect the value of the indices.

5. Conclusion

In light of our findings, it is imperative to tailor containment
strategies to the unique epidemiological profiles of each re-
gion in order to effectively mitigate the spread and impact of
COVID-19. The wide variation in doubling times underscores
the importance of flexibility in public health responses. By
adapting measures to local conditions, we can better address
the evolving dynamics of the pandemic and safeguard the
well-being of communities.
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JEIERH Estimation of the basic reproduction number, peak date, doubling time, and daily growth rate of confirmed cases based on the time-
dependent method during the COVID-19 epidemic in 5 provinces of Iran

Province Confirmed cases Death cases
No. [Peakdate |Doublingtime Daily growth rate |No. |Peakdate |Doubling time Daily growth rate
Kermanshah | 13668 2020-07-05 |18.59 (17.38, 20.00) |0.037 (0.034, 0.039) |522 |2020-07-05 |21.22(19.80,22.86)|0.012 (0.009 0.015)
Hamedan |2064 |2020-07-03 |76.66 (56.36, [0.009 (0.005, 0.012) 657 |2020-07-05 |130.84 (85.05, [ 0.005 (0.002 0.008)
119.78) 283.40)
Kurdistan 9758 [2020-06-13 |23.91 (21.69, 26.62) |0.028 (0.026, 0.031) |343 |2020-06-17 |80.27 (56.80, |0.008 (0.005 0.012)
136.81)
Chaharmahal 2089 |2020-06-23 |30.45 (27.17, 34.62) |0.022 (0.020, 0.025) |54 |2020-06-20 |334.20 0.002 (-0.000
o Bakhtiari (162.09,540.70) 0.004)
Sistan and |4543 |2020-07-05 |21.22 (19.80, 22.86) |0.032 (0.030 0.034) |381 |72020-06-19|77.48 (60.34, (0.008 (0.006 0.011)
Baluchestan 108.21)
Data are presented with 95% confidence interval. No.: number of cases.
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