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Abstract

Iran was among the first group of countries with a major outbreak of COVID-
19 in Asia. With nearly 100 exported cases to various other countries by Feb
28, 2020 it has since been the epicentre of the outbreak in the Middle East.
By examining the age- and gender-stratified national data taken from PCR-
confirmed cases and deaths related to COVID-19 on Mar 13 (reported by the
Iranian ministry of health) and those taken from hospitalised patients in 14
university hospitals across Tehran on Apr 4 (reported by Tehran University of
Medical Sciences), we find that the crude case fatality ratio of the two reports
in those aged 60 and younger are similar to each other and almost 10 times
higher than those reported from China, Italy, Spain and several other European
countries (reported from government or ministry of health websites). Assuming
a constant attack rate across all age-groups, we adjust for demography, delay
from confirmation to death, and under-ascertainment of cases, to estimate the
infection fatality ratio based on the reports from Mar 13. We find that our
estimates are aligned with reports from China and the UK for those aged 60
and above [n=4609], but are 2-3 times higher in younger age-groups [n=6756]
suggesting that only less than %10 of symptomatic cases were detected across
the country at the time. Using inbound travel data (from China to Iran) and
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matching the dates of the flights with prevalence of cases in China from Jan
to Mar 2020, we assess the risk of importation of active cases into the country.
Further, using outbound travel data, based on detected cases exported from
Iran to several other countries, we estimate the size of the outbreak in the
country on Feb 25 and Mar 6 to be 13,700 (95% CI: 7,600 - 33,300) and 60,500
(43,200 - 209,200), respectively. We next estimate the start of the outbreak
using 18 whole-genome sequences obtained from cases with a travel history to
Iran and the first sequence obtained from inside the country. Finally, we use
a mathematical model to predict the evolution of the epidemic and assess its
burden on the healthcare system. Our modelling analysis suggests the first
peak of the epidemic was on Apr 5 and the next one likely follows within
the next 6-10 weeks with approximately 30,000 ICU beds required (IQR: 12K
- 60K) and over 1 million active cases (IQR: 740K - 3.7M) during the peak
weeks. We caution that relaxed, stringent intervention measures, during a
period of highly under-reported spread, would result in misinformed public
health decisions and a significant burden on the hospitals in the coming weeks.

Introduction

The current pandemic of Coronavirus Disease 2019 (COVID-19) has had a major impact
on societies around the world. Since the start of the first outbreak in Wuhan, China, back
in January 2020, the SARS-CoV-2, virus responsible for the disease, spread rapidly to
other parts of China and around the world. Iran was among the first group of countries hit
by the COVID-19 pandemic. It has since exported many cases to regional countries in the
Middle East, such as Kuwait, Oman, Bahrain, Afghanistan, Iraq, and Pakistan, as well as
to more distant countries such as Canada, Australia, Germany, and the UK [1]. Following
the reports from two deceased cases of COVID-19 in Qom on 19 Feb, in a matter of a few
days, several other provinces around the country started to report cases of COVID-19 (see
Figure 1a and the time lapse video of the outbreak across Iran during the first 32 days of
the epidemic in the Supplementary Information). Given that Qom is the religious capital
of the country with millions of pilgrims visiting its shrines every year, transmission chains
likely grew much more rapidly compared to other parts of the country. As a result, we see
the highest percentage of excess mortality during winter 2019-20 in Qom compared to all
the other 30 provinces of Iran (see Figure 1b) with Qom, Golestan, Guilan, Mazandaran,
and Alborz being the top five provinces with the highest levels of mortality compared to
their 5-year average. Some of the early reports suggest the first two cases could have
been infected by a merchant who had reportedly travelled to China [2]. However, with
COVID-19, identifying the so-called ‘patient zero’ is problematic, due to the high rates of
asymptomatic and pauci-symptomatic infections [3]. The most likely route of virus spread
from China to Iran was via (asymptomatic) air travellers. Infected individuals typically
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show no symptoms for about 5 days [4] or sometimes no symptoms at all [5], while silently
spreading the virus and therefore hindering control efforts [6].

In response to the first two confirmed cases, a number of policies and guidelines were
implemented to slow the spread of the disease (see Table A3 in the appendix). The impact
of these interventions along with increased physical distancing and public awareness grad-
ually resulted in slowing down of the spread by mid-April. Despite these efforts, fears over
economic uncertainty have prompted some employers and business owners affected by the
outbreak not to follow recommendations from health officials which might have impacted
them financially such as working from home or temporary closure of their businesses [7–9].
As a consequence, some activities followed as usual and the impact of some early public
health measures were not as effective. These shortcomings are partly due to the economic
sanctions imposed on Iran which have crippled the country’s economy. While essential
medicines and medical supplies are exempt from the sanctions, restrictions on banking,
shipping, trade, and energy have complicated many of Iran’s commercial ties and fund-
ing for essential equipment necessary to combat COVID-19. As a consequence, Iran has
not been able to take the same measures as some other countries to prevent the spread
[10; 11]. Furthermore, the recent announcement from the government to reopen parts of
the economy in early April [12] has raised concerns over the possibility of a second wave of
the epidemic across the country [13].

In this study, we investigate several aspects of the COVID-19 outbreak in Iran. By
analysing the aggregate data on case and death counts, we find evidence of significant
levels of under-reporting in the country. Further examination based on age-stratified data
shows elevated levels of case and infection fatality ratios in those aged < 60 suggesting that
less than %10 of symptomatic cases are being reported in those age-groups. Next, using
genetic and epidemiological data from cases with travel history to Iran and the first genome
collected from an individual inside the country, we estimate the start of the outbreak, its
exponential growth rate, and the number of active cases during the early stages of the
epidemic. Also using travel data from three major provinces in China with regular flights
to Iran, we assess the risk of importation of infected individuals to the country from January
to mid-March, 2020. We then examine the burden of the outbreak on the healthcare system
under various intervention scenarios and assess the effectiveness of those measures to limit
the surge in demand for hospital and ICU beds. In the end, we examine the possibility of
data manipulation using Benford’s law but find no evidence to support such a claim (see
appendix C).
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Results

Early signs of under-reporting based on aggregate data on mortality and
confirmed cases

By comparing the reported prevalence and deaths in several countries with sizeable out-
breaks up to early April, we can see that Iran was also initially on an exponential trajectory
(see Figure 2a and Figure 2b). However, after reaching around 7,000 confirmed cases by
mid-March, it significantly deviated from this trend which may partly be associated with
the effect of intervention measures on Mar 5 to close schools and universities across the
country (see Table A3). In particular, the constant accumulation of new deaths from Mar
21 to Apr 10 in Iran suggests that those reported numbers are likely bottlenecked by the
fact that testing only took place at designated hospitals across the country while potentially
many who became severely ill or died as a result of COVID-19 and were never tested at
those hospitals have gone undetected. In addition, it is not customary in Iran to take tests
from deceased individuals who were suspected of contracting COVID-19 unless the family
requests for autopsy or further examination. Therefore, such issues with under-reporting
may further influence the trends in prevalence and deaths. In Figure 2c we compare the
daily Case Fatality Ratio (CFR) between several countries (daily CFR = daily reported
deaths / daily reported cases). In Iran, we see a sharp initial decline of daily CFR from late
February to early March which is due to having 100% CFR on Feb 19 that later dropped
as new tests were taken and the number of confirmed cases started to grow. We also see a
second peak in CFR on Mar 23 which, again, could be due to testing capacity not catching
up with the rate at which the epidemic was growing across the country. Another possi-
ble explanation for the second peak in CFR is that changes in population behaviour (e.g.
due to control or awareness of increasing deaths) can lead to a reduction in transmission,
which, in turn, leads to a drop in reported infections while incidence in deaths follows this
reduction with some delay.

Age- and gender-based analysis of fatality rates

We see a noticeable difference in näıve Case Fatality Ratio (nCFR) between Iran and other
countries across almost all age groups (see Figure 3a). In particular, the estimated nCFR
of Iran and those reported by the Tehran University of Medical Sciences (TUMS) for <60
age-groups are similar to each other, but are almost 10 times higher than those from other
countries. This suggests that Iran is likely reporting only severe cases of infection. Figure 3
shows that our estimated infection fatality ratio (IFR) for Iran is 2-3 times higher for <60
age-groups than those from China [14] and the UK [15]. The elevated IFR estimates in those
age-groups are partly a result of having a very short reported delay from hospitalisation to
death in Iran (see Figure B.1) as well as significant under-reporting of confirmed cases. We
also compare the percentage of deaths across the country based on gender (see Figures 3c
and 3d) and find no significant difference between male and female mortality in different
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age-groups, again, highlighting potential under-reporting of prevalence and deaths based
on gender. For details on the estimation of IFR, see “case and infection fatality ration
analysis.xlsx” in the GitHub repository.

Phylogenetic analysis

We reconstruct a maximum likelihood phylogenetic tree of all sequences that were linked
to Iran (see Figure 4) and find that, consistent with other studies [16; 17], our inferred
substitution rate is 1.66 × 10−3 (HPD: 2.18 × 10−4 - 3.31 × 10−3) and the exponential
growth rate of 82 in units of years (HPD: 15.55 - 150.34), corresponding to a doubling time
of around 3 days (95% HPD: 1.68 - 16.27). The age of the root is placed on 01/21/2020
(95% HPD: 12/05/2019 - 02/14/2020).

Risk assessment of case importation from China

Our analysis shows that the expected number of imported cases to Iran remained below
one during the first two months of the outbreak in China (see appendix E). The fact that,
despite the very low risk of importation, this event took place shows that it is possible
that the infected individuals are from a high-risk sub-group of the population, such as
businessmen, people working in the hospitality industry, or politicians who frequently travel
in and out of the country.

Epidemiological analysis

Here, we estimate the outbreak size at two time points (Feb 25 and Mar 6). We initially
carried out an independent likelihood-based analysis to estimate the outbreak size based
on exported cases to each of the 6 countries with detected cases and direct flights from Iran
and concluded that due to the very large passenger flow to Iraq and UAE there are likely
numerous cases that have gone undetected (see appendix D). Therefore, we estimate the
outbreak size on Feb 25 based on exported cases to Oman, Lebanon, and Kuwait. We use
a similar approach to estimate the outbreak size on Mar 6 based on 28 exported cases to
China (see Figure D.3). We find that the estimated number of cases in the country on Feb
25 and Mar 6 to be 13,700 (95% CI: 7,600 - 33,300) and 60,500 (95% CI: 43,200 - 209,200),
respectively. We then use a range of doubling times 2.5 - 4 days to extrapolate the number
of cases back in time to find the start of the epidemic in Iran (see Figure D.4a). Assuming
an 18 days delay from the onset of illness to death [14; 18; 19], we also estimate the number
of deaths across the country and compare those to the reported numbers from the ministry
of health (see Figure D.4b). This results shows that by the time the first death is reported
in Iran, hundreds to perhaps thousands of cases could have been present in the population
[20].
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Burden of the epidemic on the healthcare system

We consider a range of scenarios for the efficacy of non-pharmaceutical interventions from
moderate to high based on of policy announcements by the government on set dates (Ta-
ble A3). Our findings suggest that the current policy measures are likely not going to be
enough to maintain the effective reproduction number below one (Figure 5a) and, as a
result, the outbreak is likely going to spread across the country and return in the coming
months (Figures 5b, 5d and 5c). The model shows two separate peaks in incidence, one
in late-March and another 40-80 days following the first peak (see Figures 5c and 5f) with
a significant surge of patients requiring intensive care through in early April across the
country (Figure 5b) which is in agreement with the timing of the peak based on daily re-
ports by the ministry of health. This first wave has very likely overwhelmed the healthcare
system with approximately 30,000 ICU beds required (IQR: 12K - 60K) and over 1 million
active cases (IQR: 740K - 3.7M) during the peak weeks given that there are approximately
3,800 ICU beds available in the country [21]. We predict that unless extreme intervention
measures are in place to bring the epidemic under control, there can be up to 100,000
deaths due to COVID-19 (IQR: 88K - 163K) by the end of July 2020 (see Figure 5e). We
note that the likely occurrence of the second peak is strictly dependent on the current
and future intervention policies and can, as a result, vary considerably in magnitude and
duration (see Figure 5f).

Discussion

In this study we have provided a detailed analysis of the COVID-19 outbreak in Iran.
We have examined how the epidemic evolved through time, how the epidemiological and
genetic data enabled us to infer the dynamics of the outbreak in the presence of significant
levels of under-reporting of prevalence and deaths, and assessed the effectiveness of the
intervention measures in controlling the outbreak. This is also the first study that provides
detailed analysis of cohort of COVID-19 patients in Iran using age- and gender-stratified
data to estimate levels of under-reporting and infer case and infection fatality ratio in the
country. We have also provided a detailed analysis on how the epidemic spread in all of the
31 provinces of Iran and investigated patterns of excess mortality across the country during
winter 2019-20 and found five provinces that were likely affected the most by the outbreak.
By Mar 19, Iran reported 1433 COVID-19-related deaths whereas there were an excess of
4565 deaths in winter compared to the same period last year with 3846 of deaths belonging
to the five provinces we identified as having the highest percentage of excess mortality.
Although one cannot directly attribute these extra registered deaths to COVID-19, this
may suggest a potentially significant level of under-reporting of deaths related to COVID-
19. In addition to the first genome-wide characterisation of the strains of SARS-CoV-2 in
Iran, our study combined genomic sequence data from returning travellers to Australia,
Austria, Canada, Finland, Germany, New Zealand, Pakistan, and the United States to
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estimate the start of outbreak in the country. In addition to improving previous methods
of estimating outbreak size based on outbound flight information on Feb 25, our study
also includes detected cases of COVID-19 from travellers returning to China from Iran on
Mar 6 which not only allows us to estimate the likely start of the outbreak in the country
but also suggests that the number of active cases could be up to hundreds of times higher
than the official numbers at the time. We argue that this large discrepancy is partly due
to limited detection of cases, particularly during the early stages of the epidemic, when
the testing capacity of the country was not sufficient, and targeted testing of hospitalised
patients at designated hospitals. Such discrepancies in reported numbers has been an
issues in many other countries [22], but we find them to be particularly high for COVID-
19 patients aged < 60 in Iran which is perhaps due to the fact that a large number of
mild and subclinical cases in the younger age-groups are not getting tested. By comparing
the nationwide age-stratified nCFR with those from hospitalised patients in Tehran, we
see that the two are almost identical for <50 years-old individuals further supporting the
observation of high levels of under-reporting for mild and asymptomatic cases. We also
find the IFR in > 60 age-groups are close to those estimated for China and the UK but
are 2-3 times higher in younger age-groups. Our phylogenetic and epidemiological analysis
places the likely start of transmissions back to late January which suggests the virus had
been circulating for, at least, a month prior to first official reports in Qom. We also
estimate the growth rate of the epidemic from January to March 2020. Earlier analysis
on the whole-genome data from cases with a history of travel to Iran (collected in the last
week of February and early March) suggest the emergence of a new clade of SARS-CoV-2
[23; 24]. Similar analyses using genomic data from China and across the world have also
revealed aspects of the timing and transmission of the virus [25; 26]. Sampled sequences
from travellers with a link to Iran show signs of extreme genetic similarity which suggest
that the outbreak across the country may have started from a single transmission event
[27; 28]. Although our phylogenetic analysis based on these limited samples cannot strictly
rule out the possibility of having multiple separate introductions from unsampled sources in
the population, the fact that importation of COVID-19 cases from China occurred despite
the low risk of importation suggests that it has likely been introduced to the country by a
high-risk sub-group of asymptomatic travellers with frequent trips to Iran. This can also
have major implications for screening of COVID-19 cases at the airports solely based on
symptoms such as high temperature.

In the early days of the outbreak, only Pasteur Institute (PI) of Iran had the resources
to test a few hundred of suspected COVID-19 cases. Therefore, most samples taken from
hospitalised patients in Qom were sent directly to PI for analysis. As the demand for testing
increased, several other clinics and pathology labs that routinely test for viral agents such
as HIV and HBV and are equipped with real-time PCR machines received training at
the PI to perform COVID-19 tests. By the end of the third week of the outbreak, the
Chinese Embassy imported 100,000 tests and facilitated the purchase of another 200,000
tests which helped the healthcare system to manage the demand for patient testing. By
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mid-March, WHO delivered several shipments of emergency medical supplies and 100,000
additional test kits to Iran [29–31]. Although private labs also offer non-regulated tests
to individuals with mild or no symptoms, their results are not counted in the official
reports – only positive RT-PCR test results from designated hospitals across the country
are reported in the daily announcements from the ministry of health. At the peak of the
epidemic in early April, labs at PI tested 1500-2000 samples a day but as of early May these
numbers are down to 200-400 samples a day partly because there are now over 100 labs
across the country offering tests and there is no longer a high demand for testing at PI. An
epidemiological report by TUMS on Apr 4, 2020 shows that of 8840 clinically diagnosed
cases of COVID-19 only half of them received RT-PCR tests with a false negative rate
of about 49% [32]. Given that most of these tests are taken from hospitalised patients,
possibly with several days of delay since the onset of their symptoms, it is likely that
the accuracy of the tests drop significantly over time [33]. Another report on Mar 13,
2020 by the ministry of health on reported deaths based on gender shows no significant
difference in mortality between the two groups indicating that the RT-PCR tests are not
sensitive enough to tease out the higher mortality reported in male individuals aged 20 and
older and that there is likely under-reporting based on gender in those age groups [34–36].
In agreement with similar reports from hospitalised patients in France [37], we see that,
in Iran, the fraction of hospitalised patients with intubation die much faster than those
without need for intubation. However, the delay from hospitalisation to death is much
shorter in the Iranian cohort likely suggesting that patients are under much more severe
conditions when hospitalised. Even if we take the reports from TUMS at face value, it
suggests that the correct number of hospitalised cases of COVID-19 could be up to four
times higher than those officially reported. This is excluding the potentially much larger
group of cases with mild or no symptoms who are never tested for COVID-19.

Our study also shows that the series of non-pharmaceutical interventions and the public
compliance were effective in slowing down the speed of the spread of COVID-19 from mid-
March to early-May, but they were likely not strong enough to prevent the re-emergence
of a second peak. We caution that the recent policy to ease restrictions from early April,
particularly during a period of highly under-reported spread which gives the appearance of
a low number of active cases across the country, can lead to misinformed intervention mea-
sures which may, in turn, precipitate the likely emergence of the second peak. This quick
return to normal life may help the SARS-CoV-2 become endemic in Iran and potentially
create subsequent waves of infection across the country in autumn and winter. Despite the
fact that several European airlines have cancelled their flights to Iran indefinitely, passen-
gers can still travel in and out of Iran through intermediary countries like Qatar and UAE.
This can potentially become an issue for any country attempting to control its epidemic
by preventing the resurgence of new cases into its boarders [38]. So far, despite the local
spread from Iran to other countries in the region such as Pakistan, Afghanistan, Oman,
Kuwait, Lebanon, and Bahrain there has been no strong indication of a major outbreak
in those countries, possibly because significant levels of under-reporting in some of those
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countries. The methods we discussed in this study can shed light on detecting such possible
under-reporting of prevalence and deaths. Another explanation for the large outbreak in
Iran compared to its neighbouring countries is the role of temperature and humidity in
sustaining an epidemic in a country. Although the effects of temperature on COVID-19
outbreaks is still debated and may be small [39–41], any effects of climate are likely to be
most relevant to particular outbreaks in specific locations and are unlikely to be relevant
to the overall pandemic given that high susceptibility of the population is still the main
driver of outbreaks [42].
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Methods

Data on aggregate number of cases and deaths

We obtain time series data for the number of confirmed cases and deaths in Iran, UK, US,
France, Italy, and Spain from the John Hopkins University Centre for Systems Science and
Engineering COVID-19 GitHub repository (accessed on 04/06/2020) [43]. We also obtain
time series data on confirmed cases in all the 31 provinces of Iran from the ministry of
health website (behdasht.gov.ir). We note that ministry stopped releasing province data
from Mar 23 onward. They also did not release province data on Mar 2 and 3. We obtain
mortality statistics during winter (from 2014 to 2020) from the National Organization for
Civil Registration of Iran (www.sabteahval.ir). See appendix G and github repository for
more details.

Age- and gender-stratified data from Iran

We use the only age- and gender-stratified nationwide data reported by the Iranian ministry
of health on Mar 13 [44] along with the age-stratified data on patients from 14 hospitals
associated with Tehran University of Medical Sciences (TUMS) on Apr 4 [32], the Chi-
nese Center for Disease Control reported on Feb 11 [35], and several official reports from
European countries with major outbreaks (see Tables A1 and A2 for the complete list of
data and references) to estimate näıve Case Fatality Ratio (nCFR). After adjusting for
Iran’s demography [45] and under-ascertainment of cases using the method developed in
[14], we use the known distribution of time between hospitalisation to hospital death (see
Figure B.1b) to account for the delay from onset of symptoms to confirmation of cases [46].
Then, assuming a homogeneous attack rate across all age groups and that 50% of cases are
asymptomatic, we calculate infection fatality ratio (IFR).

Genomics data of SARS-CoV-2 related to Iran and phylogenetic analysis

In this study, we collect the first whole-genome sequence of SARS-CoV-2 from inside Iran
and include the additional 20 sequences from confirmed cases that flew out of Iran and had
their viral genomes determined in other countries. The latter is made available through
GISAID (see metadata on appendix I). We use these data to determine the time to the
most recent common ancestor of the sampled sequences and characterise the local epidemic
growth in Iran. Two of these sequences are epidemiologically linked and cannot be used
for these purposes. We use the 21 whole-genome sequences to estimate parameters of the
epidemic using phylodynamic models implemented in BEAST2 [47]. We reconstructed the
maximum likelihood phylogenetic tree of all sequences using PhyML [48]. Two of these
sequences were from epidemiologically linked patients, and were therefore removed from the
dataset as they would bias estimators based on the coalescent, resulting in 19. We used the
known sampling times, with a Continuous-Time Markov Chain reference prior [49] on the
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substitution rate, in order to estimate the evolutionary rate from this particular sample
from serial samples. We implemented the exponential growth model, with a lognormal
prior on population size (mean=1, SD=2), and the growth rate implementation with a
Laplace prior (scale=100), and an HKY+G model of substitution.

Air travel data on imported (exported) cases to (from) Iran

We collect a detailed list of air travel data to four of the largest international airports
in Iran with the highest number of weekly international flights to countries that detect
exported cases from Iran (see the summary Table 1 and detailed Table in appendix H).
Flights from China to Iran mainly go from Beijing, Shanghai, and Guangdong to Tehran
with a total of approximately 6,700 passengers per week. We use those flight information
to estimate the outbreak size on Mar 6 (see appendix D) and assess the initial risk of
importation of cases from those three provinces in China to Iran (see appendix E) We note
that in early Mar, the Gulf Cooperation Council countries suspended their flights to Iran.

Excess seasonal mortality in 31 provinces of Iran

We use the publicly available data from the National Organisation for Civil Registration
on the total number of registered deaths during winter (from Dec 22 to Mar 19) from 2015
to 2020 to calculate the percentage of excess mortality in winter 2019-20 (see appendix G
for the dataset used in the analysis). To do this, we first find the proportion of deaths,
p(t), in winter by dividing the number of deaths during winter in each province by the total
population of that province in that particular year. We then calculate the mean proportion
of deaths, p∗, over the last five years (excluding winter 2019-20) for each province. Finally,
we calculate the percentage of excess mortality, EM(t) for each province in winter by

EM(t = winter 2019-20) =
p(t) − p∗

p∗
× 100.

We note that the only census for province population of Iran is taken in 2016. To adjust
for provincial population size changes each year, we assume the change in population size
of each province is proportional to the change in national population size.

Modelling the outbreak using an SEIR model

To understand how the epidemic in Iran has unfolded, its burden on the healthcare sys-
tem, and predict its likely trajectory in the coming months, we use an SEIR model [50].
We summarise all the model parameters and their corresponding values in Table A4 and
Table A5. We assume that a few (1-2 individuals) initially infected sparked the COVID-19
outbreak in early January and the rest of the population consists of susceptible individuals
who become exposed to SARS-CoV-2 after an effective contact with an infectious per-
son. Note that, as explained in appendix G, since there is no daily update on the number
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of deaths for each province, we only use our model to understand the dynamics at the
country-level. After an incubation period of 4 days, exposed individuals of age-group a
will develop either a clinical infection with probability 1 − ma and become hospitalised,
or experience a subclinical infection with probability ma where they recover or become
severely ill after 5 days. Those hospitalised may recover or be moved to the ICU stage
after 8 days where they may either die or stabilise after 10 days. We assume that removed
individuals are immune to reinfection over the period we simulated the epidemic (1 year).
Deaths are assumed to occur only among severe cases (in the ICU). The fractions of de-
mand for hospitalisation, ICU use, and deaths in different age-groups are estimated using
data from China. Any difference based on Iran’s demography and quality of healthcare
could affect our estimates on health care demand. We also use the expected values for our
clinically-informed parameters such as the incubation period (see Table A4) since we as-
sume the uncertainties in the dynamics is dominated by non-pharmaceutical interventions
to reduce effective reproduction number, R(t) (see table A3). This parameter is defined
as the product of reproduction number, R0, strength of mitigation measures, M(t), and
effectiveness in isolation of individuals from certain age-groups, ζa.

Code availability

The analysis on excess mortality and burden on hospitals are done in Mathematica 11.0 and
estimating the outbreak size using air travel data and investigation into data manipulation
using Benford’s law are done in Matlab 2019a. We made all the codes and data used in
this study available online on a GitHub repository (github.com/mg878/Iran study).
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Table 1: Weekly passenger flux to countries included in the study

Date Country Passenger/week Cases Reported

24 Feb Oman 2660 2
22 Feb UAE 13430 2
25 Feb Kuwait 4025 3
24 Feb Iraq 16254 1
21 Feb Lebanon 800 1
6 March China 4500 28
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Figure 1: (a) The COVID-19 Epidemic in Iran. (Top) Total incidence and confirmed cases
by region on Mar 22, 2020. (Bottom) The early spread of the COVID-19 epidemic based
on official reports (dotted line illustrates when no cases were reported officially and is for
visual purposes only). (b) Percentage of excess mortality during winter 2019-20 (from Dec
22, 2019 to Mar 19, 2020) in 31 provinces in Iran. Five provinces with the largest deviations
from background mortality (averaged over five years) are highlighted by a vertical solid line.
The size of the circles represents the total number of registered deaths in each province.

14



(a)

●
● ●●

●
●●●

●

●

●
●

●
●

●
●

●
●

●
●

●●●
●●

●●●●●
●●●●●●●●●●●●

●●●
●●●
●●●●●●●

■
■
■
■

■■■■■■■
■■

■
■

■
■■

■
■
■■

■ ■ ■ ■
■

■
■

■■
■
■■■

■■
■■■

■■■■
■■■

◆◆

◆◆◆◆
◆
◆◆

◆◆
◆

◆
◆

◆◆
◆◆

◆◆
◆

◆
◆◆◆

◆
◆◆◆

◆◆◆
◆◆

◆◆◆◆
◆◆◆

◆◆◆◆
◆

▲▲

▲

▲

▲
▲

▲
▲

▲▲
▲

▲
▲

▲ ▲▲
▲
▲ ▲ ▲▲

▲▲
▲▲

▲▲▲
▲▲

▲▲▲
▲▲▲

▲▲▲▲▲▲▲▲

▼

▼

▼

▼

▼
▼

▼
▼

▼
▼ ▼

▼▼
▼▼

▼▼
▼▼▼▼

▼▼
▼▼

▼▼▼
▼▼▼

▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼

○○

○

○
○

○
○

○
○

○
○

○○
○
○○

○
○

○
○

○○
○○○

○○
○○○

○○
○○○

○○○○○○○○○○

US

Iran

UK

France

Italy

Spain

● Iran

■ US

◆ UK

▲ France

▼ Italy

○ Spain

10 100 1000 104 105
1

10

100

1000

104

105

Total number of cases

N
ew

ca
se
s
(o
ve
r
th
e
la
st
7
da
ys
)

(b)

●● ●

●
●

●
●●

●
●

●
●●●

●●
●●

●
●
●
●
●●●

●●
●●

●●●●●●●●●●●●●●●●●●●

■■

■
■
■■

■
■■

■■ ■■
■■

■
■

■
■

■
■■

■
■

■
■
■

■
■■

■
■
■■■

■■
■

◆

◆◆
◆

◆◆
◆
◆◆

◆

◆
◆

◆
◆

◆
◆

◆◆◆
◆◆

◆
◆

◆◆◆
◆

◆
◆
◆◆◆◆

▲▲▲▲▲

▲
▲▲

▲
▲

▲
▲

▲▲
▲

▲
▲▲

▲▲
▲

▲
▲ ▲

▲ ▲
▲

▲
▲

▲▲
▲▲

▲▲▲
▲▲

▲▲▲

▼

▼
▼

▼
▼▼

▼
▼

▼
▼

▼
▼

▼
▼

▼▼
▼

▼
▼

▼
▼
▼▼

▼▼▼
▼▼

▼▼▼▼
▼▼▼

▼▼▼▼▼▼▼▼▼▼▼

○

○
○

○
○

○

○○
○

○
○

○
○○

○○
○

○
○

○
○

○○○○
○○

○○○○○○○○

Italy

Spain

Iran

US

UK

France

1 10 100 1000 104

1

10

100

1000

104

Total number of deaths

N
ew

de
at
hs

(o
ve
r
th
e
la
st
7
da
ys

)

(c)

Figure 2: Reported number of cases and deaths from several countries including Iran (data
shown in red circles). (a) and (b) show the sum of new cases and deaths (7-day rolling
average) as a function of the total number of cases and deaths. (c) The daily Case Fatality
Ratio (daily CFR) for all six countries from Feb 22 to Apr 7.
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Figure 3: (a) Comparison of the age specific näıve Case Fatality Ratio reported by the
Iranian ministry of health, Tehran University of Medical Sciences hospitals, several Euro-
pean countries, and China (see Tables A1 and A2 for more information). (b) Comparing
the expected IFR in Iran, China, and the UK. Percentage of (c) deaths and (d) confirmed
cases based on gender [44].
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Figure 4: Maximum likelihood phylogenetic tree of samples linked to Iran. The labels
include the sampling times used in the BEAST analysis. Red labels indicate the two
epidemiologically linked samples that were excluded from the subsequent analysis.
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Figure 5: Projection of the impact of intervention measures on (a) effective reproduction
number, R(t), which we defined as the product of reproduction number, R0, strength of
mitigation measures, M(t), and isolation of individuals in specific age-categories, ζa, (b)
number of ICU and (c) hospital beds required (d) cumulative deaths and incidence over
time. (e) and (f) show the summary of the analysis in total deaths, peak number of cases
and ICU beds required, and the peak time since the seeding event for cases and ICU beds
required times. The horizontal solid lines in (b) and (c) show the total number of ICU and
hospital beds available in Iran. In (e) and (f), coloured areas represent the interquartile
range with median as a white horizontal line and outliers as open circles.
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Supplementary appendix

A Age-stratified data on confirmed cases and deaths

Table A1: Age-specific data for Iran [44] and Tehran [32]

Age-group
National Confirmed Cases,

N (%)
National Death,

N (%)
National
nCFR %

Tehran Confirmed Cases,
N (%)

Tehran Death,
N (%)

Tehran
nCFR %

0-9 42 (0.37) 1* (0.19) 2.38 63 (0.71) 0 (0.00) 0.00
10-19 97 (0.85) 3 (0.58) 3.09 136 (1.54) 6 (0.92) 4.41
20-29 545 (4.80) 10 (1.95) 1.83 710 (8.03) 6 (0.92) 0.85
30-39 1,563 (13.75) 26 (5.06) 1.66 1,643 (18.59) 22 (3.36) 1.34
40-49 1,983 (17.44) 41 (7.98) 2.07 1,699 (19.22) 43 (6.57) 2.53
50-59 2,526 (22.23) 82 (15.95) 3.25 1,610 (18.21) 94 (14.37) 5.84
60-69 2,252 (19.82) 139 (27.04) 6.17 1,475 (16.69) 151 (23.09) 10.24
70-79 1,401 (12.33) 117 (22.76) 8.35 914 (10.34) 183 (27.98) 20.02
>80 955 (8.40) 95 (18.84) 9.95 590 (6.67) 149 (22.78) 25.25

Total 11,364 514 8,840 654

*The only COVID-19 death in under-10 children was observed in a 3-year old child who had leukemia.

Table A2: Age-specific data for Spain [51], Netherlands [52], Italy [53], China [35], Swe-
den [54], and Switzerland [55].

Age-group
China (11 February) Italy (20 April) Netherlands (21 April)

Confirmed Cases, N (%) Death, N (%) nCFR % Confirmed Cases, N (%) Death, N (%) nCFR % Confirmed Cases, N (%) Death, N (%) nCFR %

0-9 416 (0.93) 0 (0.00) 0 1,000 (0.60) 2 (0.01) 0.2 80 (0.23) 0 (0.00) 0.00
10-19 549 (1.23) 1 (0.10) 0.2 0 (0.00) 0 (0.00) 0 320 (0.94) 1 (0.03) 0.31
20-29 3,619 (8.10) 7 (0.68) 0.2 7,000 (4.25) 7 (0.03) 0.1 2,868 (8.41) 3 (0.08) 0.10
30-39 7,600 (17.01) 18 (1.76) 0.2 11,250 (6.83) 45 (0.21) 0.4 2,929 (8.58) 6 (0.15) 0.20
40-49 8,571 (19.19) 38 (3.71) 0.4 23,000 (13.96) 184 (0.85) 0.8 3,802 (11.14) 15 (0.38) 0.39
50-59 10,008 (22.40) 130 (12.71) 1.3 31,960 (19.40) 799 (3.71) 2.5 6,267 (18.37) 92 (2.35) 1.47
60-69 8,583 (19.21) 309 (30.21) 3.6 24,928 (15.13) 2,418 (11.22) 9.7 4,641 (13.60) 343 (8.76) 7.39
70-79 3,918 (8.77) 312 (30.50) 8 26,770 (16.25) 6,532 ( 30.31) 24.4 5,207 (15.26) 1,152 (29.43) 22.12
>80 1,408 (3.15) 208 (20.33) 14.8 38,802 (23.56) 11,563 (53.66) 29.8 8,005 (23.46) 2,303 (58.83) 28.77

Total 44,672 1,023 164,710 21,550 34,119 3,915

Age-group
Spain (21 April) Sweden (21 April) Switzerland (22 April)

Confirmed Cases, N (%) Death, N (%) nCFR % Confirmed Cases, N (%) Death, N (%) nCFR Confirmed Cases, N (%) Death, N (%) nCFR %

0-9 512 (0.35) 2 (0.02) 0.39 83 (0.52) 0 (0.00) 0 110 (0.39) 0 (0.00) 0.00
10-19 2,882 (1.99) 8 (0.06) 0.28 199 (1.24) 0 (0.00) 0 749 (2.67) 0 (0.00) 0.00
20-29 5,371 (3.71) 17 (0.14) 0.32 1,200 (7.46) 0 (0.00) 0.4 3,400 (12.10) 1 (0.08) 0.03
30-39 13,580 (9.37) 46 (0.38) 0.34 1,500 (9.33) 7 (0.36) 0.2 3,742 (13.31) 4 (0.33) 0.11
40-49 21,221 (14.65) 140 (1.14) 0.66 2,000 (12.44) 20 (1.04) 0.3 4,432 (15.77) 2 (0.16) 0.05
50-59 26,461 (18.26) 384 (3.12) 1.45 2,800 (17.41) 66 (3.42) 1.8 5,784 (20.58) 24 (1.98) 0.41
60-69 22,721 (15.68) 1,099 (8.92) 4.84 2,200 (13.68) 148 (7.66) 4.3 3,434 (12.22) 90 (7.41) 2.62
70-79 21,739 (15.00) 3,215 (26.11) 14.79 2,200 (13.68) 459 (23.76) 15.3 2,745 (9.77) 262 (21.56) 9.54
>80 30,415 (20.99) 7,403 (60.12) 24.34 3,900 (24.25) 1,232 (63.77) 22.7 3,708 (13.19) 832 (68.48) 22.44

Total 144,902 12,314 16,082 1,932 28,104 1,215
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B Delay from hospitalisation to death
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Figure B.1: (a) Comparison of delay from hospitalisation to hospital death for patients with
(red) and without tracheal intubation (black) in Iran. (b) Delay from hospital admission
to hospital death in Iran [56].
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C Investigating irregularities in reported numbers using Ben-
ford’s law

Benford’s law (BL) gives the probability distribution of leading digits in a determined set
of numbers [57]. The probability that digit d = 1, 2, ..., 9 is a leading number is given by
P (d) = log10(1 + (1/d)) where numbers with leading digit 1 have the highest probability
of appearance and this probability steadily decreases as the starting digit becomes larger.
BL is used in a variety of different areas to study irregularities in data [58; 59] and is also
frequently used to assess the quality of epimeiological and clinical data [60; 61].

An exponential function in the form 2t/dt obeys BL perfectly, where this exponential
function can represent the doubling rate of an outbreak with t being the time in days and dt
the doubling time in days. If we combine the data from two different exponential functions
into one larger data set then that larger data set will also obey BL. We can do this in the
current context of reported numbers for COVID-19 during the exponential growth phase
and create a larger data set that contains the total number of cases and total number of
deaths, both of which are exponential functions but with different growth rates. We note
that if the numbers grow linearly over time, then they do not obey BL. Also, a data set
that contains a mix of both exponential and linear growth will also not necessarily obey
BL.

Figure C.2 shows the distribution of leading digits in data during the exponential phase
(see Figure 2) from Iran, the USA, and the UK compared to the Benford distribution. The
data for Iran includes the total cases reported from the start of the outbreak to Apr 1,
2020 and total deaths from the first reported death to Apr 10, 2020. Note that we take the
reported cases up to Apr 1 since all three countries follow the exponential growth up to that
day. We sample 40 random numbers 5 times from this data set and count the number of
occurrences for each leading digit. This sampling of data allows us to generate an average
distribution with error bars representing the standard deviation shown in Figure C.2. The
probability distribution does not show any conclusive evidence to suggest a manipulation of
data in any of the three countries. From this, we conclude that the likely low or inaccurate
number of reported cases in Iran are due to other issues mentioned in this study and not
manipulation of data [62]. We note that while this method can be used to test if data
manipulation has occurred, it does not give any information about deliberate absence of
data by, for instance, not reporting deaths from specific hospitals.
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Figure C.2: The probability distribution of leading digits in the data of total confirmed
cases from the start of the outbreak to Apr 1 and total deaths from the first reported death
in Iran to Apr 10 and are compared to the distribution given by Benford’s law (BL). Error
bars represent 1 standard deviation unit from the mean.

D Estimating the outbreak size based on air travel data

Two recent studies [63; 64] estimate the size of the outbreak in Iran on 25 February to be
approximately 17,000 (4,800 - 44,500). The study in [63] uses the method developed by
[65] to estimate the outbreak size based on 3 exported cases to the UAE, Lebanon, and
Canada. Their estimates relies on information about the average length of stay of visitors
(taken from [66]), proportion of international travels who are residents of Iran [67], and
the ‘infectious disease vulnerability index’, a proxy for measuring the country’s ability to
detect cases. Apart from Imam Khomeini airport (the airport with the highest number of
international passengers), they only included Rasht and Arak airports with a total of less
than 10,000 international passenger per year and exclude from their analysis major airports
in Mashhad, Shiraz, and Isfahan with more than 10 million international travellers. The
other study [64] uses a Binomial sampling method [68] to estimate the outbreak size based
on 5 exported cases to Oman, UAE, and Lebanon. They use the VariFlight platform [69]
to estimate the weekly number of passengers to Iran. Although we cannot independently
verify those numbers, our estimates are fairly similar (see Table 1). The method used in
[64] demands fewer parameters and produces similar results as [63], but it still does not
account for the variation in catchment population size of international airports in Iran and
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the expected exposure time of those exported passengers.
To capture the variation that exposure time, t, and catchment population size, M ,

create on the probability of having an exported case on a flight, p = tD
M , where D is

the daily passenger flux, we use a Beta-binomial distribution where the compound Beta
function is defined on the random variable ζ = t

M and a support of ( tmin
Mmax

, tmax
Mmin

) where

tmin = 20, tmax = 50, Mmin = 4 × 107, and Mmax = 5.56 × 107. Then, for each country, i,
in Table 1 with ni cases and corresponding success probability pi of finding a case, we can
calculate the expected outbreak size λ̂ using the likelihood function given by

λ̂i = arg max
λi

(
λi
ni

)∫ ζmax

ζmin

pni
i (1 − pi)

λi−nig(pi)dpi,

where g(p) is the Beta distribution for the country i with shape parameters α = β = 2
(empirically fitted). To account for asymptomatic cases going undetected at the airports,
we further assume that the ‘true’ number of exported cases, accounting for asymptotic or
mildly symptomatic cases, is twice those reported – we note that this is a conservative
approximation in that the true percentage of symptomatic cases is likely higher.
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Figure D.3: Likelihood function for (a) 6 exported cases to Oman, Lebanon, and Kuwait
on Feb 25 and (b) 28 cases to China on Mar 6. Blue dashed line represents the maximum
likelihood value and the shaded area is the 95% confidence interval.
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Figure D.4: The likely (blue), worst case (red), and best case (green) scenario of the
outbreak size in Iran (left) and total deaths since early Jan to Mar 8.
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Figure D.5: Likelihood estimation of outbreak size in Iran based on flight travel data
assuming (a) 50% (b) 100% of cases detected at the airports in Oman, UAE, Kuwait,
Iraq, and Lebanon on Feb 25 and China on Mar 6. Dotted lines represent the maximum
likelihood values and shaded areas show the 95% confidence intervals.
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E Assessing the importation risk from China

Assuming that only pre/asymptomatic cases travel, the probability that an individual on
the plane is infected is p(t) =

∑∞
k=0 2(1 − S(k))i(t+ k)/N where i(t) is the incidence in a

given province at time t with a total population size of N and S(k) is the cumulative of the
incubation time period and is assumed to be a log-normally distributed number with mean
4.8 days and standard deviation 1.9 days [70; 71]. The factor of 2 is for correcting the true
incidence having an additional %50 asymptomatic cases [22]. We further allow a fraction,
f , of the passenger flying to Tehran to come from Hubei province where f is the fraction of
passengers from airports in Hubei (compared to the 100 busiest airports in China in 2018
ordered by total passenger traffic, according to Civil Aviation Administration of China
statistics). To calculate the expected number of imported cases of COVID-19 to Iran from
mid-January to mid-March, we find

∑
i=(Beijing, Shanghai, and Guangdong)

60∑
t=0

(1 − f)cipi(t) + fcHubeipHubei(t) ≈ 0.2 � 1

where t = 0 corresponds to Jan 19 and ci is the number of passengers flying from province
i per day.
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F Intervention policy announcements and model parameters
for the SEIR model

Table A3: Timeline of public policies and mitigation strategies in Iran

Policies and main events Description Date effective

School closure in Tehran
and Qom ordered

After the first few reported deaths,
the government ordered to close the
universities and schools in the affected cities.
We assume this had an overall 20% impact on M(t).

02/20/2020
[72; 73]

Disinfecting and cleaning of
public transport and schools

Disinfection of schools and public transport in
multiple cities.

02/24/2020
[74–76]

Closure of sports complexes
and gyms

Sporting facilities closed and cancelling or postponing
sporting events in Zanjan.

02/24/2020
[77]

School closures in multiple
cities

Schools closed in multiple other cities until
further notice

02/24/2020
[78–80]

Social distancing encouraged
and elderly advised to stay home

The elderly and people with underlying
conditions are recommended to reduce
their social contacts. We assume this had an
overall 30% and 20% impact on ζa for > 60
and between 30 and 60 age-groups, respectively.

03/05/2020
[81]

Nationwide school and university
closure ordered

Nationwide school and university closure
until further notice from the government. With
a population of 41,255,972 aged under 30, we
assume up to 50% effectiveness on ζa.

03/05/2020
[82]

New year’s social and public
events banned

During this period, social distancing was
not strictly followed by citizens with reports
of over 8.5 million travelling around the
country during the 14-day holiday period.
Nevertheless, since all shops and public
gatherings were completely shut down, we
assume this had an extra 60% impact on
mitigation measures M(t).

03/20/2020
[83–85]

Majority of workers back to
work (‘smart social distancing’)

The government announced that the majority
of workers must return to work while they must

observe some level of social distancing. We
have assumed that the re-opening results in
up to 20% drop in effectiveness of mitigation
measures M(t).

04/05/2020
[12; 13]
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Table A4: Model parameters

Parameter Description Expected value Reference

tl Latency from infection to infectiousness 4 days [70],[86]
ti Time to recover/falling severely ill 5 days [87]
th Time to recover/move to a critical state for a severe patient 8 days [88]
tc Time to stabilise/die for a critical patient 10 days [89]
ma Fraction of sub-clinical cases in age-group a Table A5 [15]
ca Fraction of severe cases that turn critical in age-group a Table A5 [15]
fa Fraction of critical cases that are fatal in age-group a Table A5 —
R0 Reproduction number 4.5 - 6.5 [90]
M(t) Mitigation measures at time t Table A3 —

Table A5: Age-specific clinical information

Age-group
(years)

Age group
population size*

Percentage of
subclinical
cases (ma)

Percentage
requiring critical
care (ca)

Percentage
dying while in
critical care (fa)

≤ 9 11,890,343 99.90% 5% 30%
10-19 12,278,478 99.70% 5% 30%
20-29 17,087,151 98.80% 5% 30%
30-39 12,542,942 96.80% 5% 30%
40-49 8,937,230 95.10% 6.30% 40%
50-59 6,207,527 89.80% 12.20% 40%
60-69 3,206,638 83.40% 27.40% 50%
70-79 2,033,499 75.70% 43.20% 50%
≥ 80 919,539 72.70% 70.90% 50%

*National census in 2011 [45].
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G Data from 31 provinces in Iran

Deaths during winter 2019-20 in 31 provinces in Iran

Province\year 1398(2019-2020) 1397(2018-2019) 1396(2017-2018) 1395(2016-2017) 1394 (2015-2016) 1393(2014-2015)
East Azerbaijan 5,762 5,880 5,725 5,648 5,858 5,768
West Azerbaijan 4,023 4,069 3,913 3,721 3,678 3,987
Ardabil 1,770 1,825 1,625 1,592 1,581 1,971
Isfahan 6,681 6,414 6,168 5,808 6,012 5,907
Alborz 3,062 2,972 2,571 2,266 2,417 2,149
Ilam 629 671 702 604 656 929
Bushehr 1,174 1,206 1,175 1,134 1,172 1,150
Tehran 16,676 15,644 15,528 14,244 14,302 14,756
Chahar Mahaal 
and Bakhtiari

1,054 992 1,087 1,014 1,069 1,963

Khorasan South 978 967 1,048 942 1,007 1,041
Khorasan Razavi 7,825 7,854 8,330 7,899 7,693 7,359
Khorasan North 1,229 1,183 1,210 1,114 1,100 1,111
Khuzestan 5,546 5,522 5,750 5,426 5,223 5,348
Zanjan 1,381 1,416 1,346 1,221 1,339 1,827
Semnan 946 927 917 803 847 815
Sistan and 
Baluchestan

3,374 3,627 3,888 3,931 3,249 3,054

Fars 5,776 5,841 6,101 5,624 5,798 5,641
Qazvin 1,720 1,617 1,515 1,491 1,417 1,466
Qom 2,301 1,558 1,546 1,519 1,498 1,389
Kurdistan 1,910 1,970 1,843 1,893 1,982 1,943
Kerman 3,671 3,903 3,768 3,356 3,267 3,721
Kermanshah 2,896 2,837 2,948 2,670 2,699 2,745
Kohgiluyeh and 
Boyer-Ahmad

707 748 797 680 676 768

Golestan 2,941 2,336 2,326 2,329 2,232 2,652
Gilan 5,936 4,461 4,310 4,085 4,125 4,048
Lorestan 2,285 2,305 2,158 2,023 2,013 2,227
Mazandaran 5,261 4,328 4,253 4,155 3,973 3,933
Markazi 2,101 1,973 2,046 1,830 1,904 2,153
Hormozgan 1,796 1,807 1,923 1,737 1,874 1,778
Hamadan 2,708 2,754 2,631 2,539 2,494 2,850
Yazd 1,328 1,275 1,250 1,174 1,156 1,204
Total 105,447 100,882 100,398 94,472 94,311 97,653

Annual winter deaths report (2013-2020)
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Number of confirmed cases in 31 provinces. *Data collected from the ministry of health’s
website (behdasht.gov.ir).**Ministry’s website stopped sharing province data from Mar 23
onward and the data on Mar 2 and 3 was not available.
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H List of flights to/from Iran with estimated number of pas-
sengers per week per airline per airport

Origin Tehran Isfahan Shiraz Mashhad Total
Weekly passengers 1,610 0 1,050 0 2,660

Oman Air
WY432/Emr 175 - 

Daily
NA NA NA

Salam Air
OV545/A320N - 

Daily
NA

OV556/A320N - 
Daily

NA

Weekly passengers 5,600 250 1,350 1,050 8,250

Qatar Airways
QR491/A350 - 9 - 

Daily
QR471/A330 - 
Once a week

QR477/A320 - 
Daily

QR493/A320 - 
Daily

Qatar Airways
QR483/A350 -9 - 

Daily

Qatar Airways
QR499A350 -1 - 

Daily

Iran Air
IR683/ A320 - 
Twice a week

Weekly passengers 12,230 0 450 750 13,430

Emirates
EK972/B777 300 

- Daily

Emirates
EK980/B777 300 

- Daily

Mahan Air
W561/A340 - 

Daily

Mahan Air
W563/A310 - 

Daily

Approximate number of passengers/week -                                                           
based on number of flights and aircraft capacity

Oman

Qatar

UAE

Source for emirates: emirates.com

Source for Qatar: Qatarairways.com
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Mahan Air
W565/A310 - 

Daily

Iran Air
IR658/A321 - 

Daily

Qeshm Air
QB2202/A319 - 6 

times a week

Flydubai
FZ272/B737-800 - 

3 times a week
FZ254/B737-800 - 

5 times a week

Weekly passengers 725 300 450 2,550 4,025

Kuwait Airways
KU516/A320 - 

roughly 4 times a 
week 

KU512/A320 - 3 
times a week

Iran Air
IR601/A321 - 
once a week

IR667/A319 - 
twice a week

IR665/A320 - 3 
times a week

IR669/A321 - 4 
times a week

Ata Air
I36605/A320 - 3 

times a week

Jazeera Air
J9152/A320 - 

Daily

Weekly passengers 11,888 0 0 4,366 16,254

Iraqi Airways
IA112/B737-800 

Daily
IA118/B737-800 

twice a day

Iraqi Airways
IA114/B737-800 

once a week

Iraqi Airways
IA188/B737-800 

once a week

Iran Air
IR5323/A300 - 

Daily
IR5331/A300 3 

times a week

source for flydubai: 
https://www.flydubai.com/en/

Kuwait

Source for Kuwait airlines: 
http://www.kuwaitairways.com/en

Iraq

43



Iran Air
IR5301/A300 

roughly 3 times a 
week

Qeshm Air
QB2217/A320 

Daily
QB2297/A320 3 

times a week

Qeshm Air
QB2205/A320 - 3 

times a week

Qeshm Air
QB2289/A320 
Once a week

Qeshm Air
QB2299/A319 - 

Daily

Caspian Air
IV7912 & 

IV7914/MD83 - 
Daily

IV7928/MD83 3 
times a week

Caspian Air
IV7906/MD83 3 

times a week

Caspian Air
IV7926/MD83 4 

times a week

Mahan Air
W55062/A310 - 4 

times a week

Mahan Air
W55060/A310 4 

times a week

Mahan Air
W55058/A310 4 

times a week

Weekly passengers 600 0 0 200 800

Iran Air
IR661/A300 3 
times a week

IR663/A300 once 
a week

Weekly passengers 6,700 6,700
Mahan Air W577/A340 Daily

Mahan Air
W579/A340 5 
times a week

Lebanon

China
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Mahan Air
W581/ A340/ 3 
times a week

Mahan Air
W587/A340 4 
times a week

China Southern
CZ6026/B737 5 

times a week

52,119

Weekly passengers 250 250 250 250 1000

Air Arabia
G9202/A320- 5 

times a week

G9218/A320 5 
times a week to 

Lar

G9214/A320 5 
times a week

G9206/A320 5 
times a week

Date Country Passenger/week Cases Reported
24 Feb Oman 2660 2
22 Feb UAE 13430 3
25 Feb Kuwait 4025 3
24 Feb Iraq 16254 1
21 Feb Lebanon 800 1
6 March China 6700 28

Total number of passengers before flight suspension

Bahrain App number of passengers

There are no direct flights between Iran and Bahrain but as BBC Persian reported on 25/02/2020, most of the 
cases were travelling with Air Arabia. The number of passengers for Bahrain has been derived based on the 

number of flights out of Sharjeh International airport into gulf countries. This is not at all close to the actual figure 
and should not be reported as credible in the paper

Number of passengers per week to countries included in the 
study
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Model Capacity

A320/A321 150

B737-800 200

B777 - 300 270

Emr 175 80

A350-900 250

A350-1000 300

A310 230
A319 160
A340 300

A300 200

Aircraft app seating capacity*

Flight schedule prior to suspension from Flightradar24. The estimate number of passengers is based on the usual aircraft used and 
the seating capacity of the planes. Flight numbers provided are unique and could be googled for more information. There are many 

sources that the schedule could be found from using the information provided here. 

* Seating capacity varies between 
airlines and these are approximate 
values with a max 10% tolerance
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I Genomic metadata

We gratefully acknowledge the authors, originating and submitting labs of the sequences
from GISAID’s Database (www.gisaid.org/) on which part of the genetic analysis is based.
The list is detailed below.

Strain GISAID ID Collection Data Country Location Originating Lab Sex Author Submitting Lab Exposure History

Canada/BC_40860/2020 EPI_ISL_415583 2020-03-03 Canada BCCDC Public Health 
Laboratory Female Harrigan et al BCCDC Public Health Laboratory Travel to Iran

Australia/NSW13/2020 EPI_ISL_413599 2020-03-04 Australia Sydney

Centre for Infectious 
Diseases and 

Microbiology - Public 
Health

Male Timms et al
NSW Health Pathology - Institute of Clinical 

Pathology and Medical Research; 
Westmead Hospital; University of Sydney

Travel to Iran

Australia/NSW05/2020 EPI_ISL_412975 2020-02-28 Australia Sydney

Centre for Infectious 
Diseases and 
Microbiology 

Laboratory Services

Male Eden et al
NSW Health Pathology - Institute of Clinical 

Pathology and Medical Research; 
Westmead Hospital; University of Sydney

Travel to Iran

Australia/NSW06/2020 EPI_ISL_413213 2020-02-29 Australia Sydney

Centre for Infectious 
Diseases and 
Microbiology 

Laboratory Services

Female Eden et al
NSW Health Pathology - Institute of Clinical 

Pathology and Medical Research; 
Westmead Hospital; University of Sydney

Travel to Iran

Australia/NSW11/2020 EPI_ISL_413597 02/03/2020 Australia Sydney

Centre for Infectious 
Diseases and 

Microbiology- Public 
Health

Male Lam et al
NSW Health Pathology - Institute of Clinical 

Pathology and Medical Research; 
Westmead Hospital; University of Sydney

Travel to Iran

Australia/NSW12/2020 EPI_ISL_413598 04/03/2020 Australia Sydney

Centre for Infectious 
Diseases and 

Microbiology - Public 
Health

Male Gray et al
NSW Health Pathology - Institute of Clinical 

Pathology and Medical Research; 
Westmead Hospital; University of Sydney

Travel to Iran

Canada/BC_37_0-
2/2020 EPI_ISL_412965 2020-02-16 Canada BCCDC Public Health 

Laboratory Female Harrigan et al BCCDC Public Health Laboratory Travel to Iran

Canada/BC_69243/2020 EPI_ISL_415577 2020-02-20 Canada BCCDC Public Health 
Laboratory Male Harrigan et al BCCDC Public Health Laboratory Contact of case (Iran), no travel history

Canada/BC_25211/2020 EPI_ISL_415579 02/03/2020 Canada BCCDC Public Health 
Laboratory Female Harrigan et al BCCDC Public Health Laboratory Travel to Iran

Canada/BC_66353/2020 EPI_ISL_415587 04/03/2020 Canada BCCDC Public Health 
Laboratory Male Harrigan et al BCCDC Public Health Laboratory Travel to Iran

Canada/BC_65034/2020 EPI_ISL_415585 04/03/2020 Canada BCCDC Public Health 
Laboratory Female Harrigan et al BCCDC Public Health Laboratory Contact of case (Iran), no travel history

Canada/BC_17397/2020 EPI_ISL_415580 2020-02-28 Canada BCCDC Public Health 
Laboratory Harrigan et al BCCDC Public Health Laboratory Travel to Iran

Canada/BC_13297/2020 EPI_ISL_415578 2020-02-27 Canada BCCDC Public Health 
Laboratory Male Harrigan et al BCCDC Public Health Laboratory Travel to Iran

Canada/BC_02421/2020 EPI_ISL_415581 01/03/2020 Canada BCCDC Public Health 
Laboratory Male Harrigan et al BCCDC Public Health Laboratory Travel to Iran

NewZealand/01/2020 EPI_ISL_413490 2020-02-27 New Zealand Auckland Auckland Hospital Female Storey et al Institute of Environmental Science and 
Research (ESR) Travel to Iran

Germany/BavPat2/2020 EPI_ISL_414520 02/03/2020 Germany Munich Bundeswehr Institute of 
Microbiology Female Walter et al Bundeswehr Institute of Microbiology Travel to Iran

USA/NY1-PV08001/2020 EPI_ISL_414476 2020-02-29 USA
MSHS Clinical 
Microbiology 
Laboratories

Female Patel et al MSHS Pathogen Surveillance Program Travel to Iran

Pakistan/Gilgit1/2020 EPI_ISL_417444 04/03/2020 Pakistan Gilgit Female Javed et al Department of Healthcare Biotechnology Travel to Iran

Austria/CeMM0004/2020 EPI_ISL_419657 03/03/2020 Austria
Center for Virology, 

Medical University of 
Vienna

Male Popa et al
Bergthaler laboratory, CeMM Research 

Center for Molecular Medicine of the 
Austrian Academy of Sciences

Travel to Iran

Finland/FIN-266/2020 EPI_ISL_414646 04/03/2020 Finland

Department of Virology 
and Immunology, 

University of Helsinki 
and Helsinki University 

Hospital, Huslab 
Finland

Female Smura et al
Department of Virology, Faculty of 

Medicine, University of Helsinki, Helsinki, 
Finland

Travel to Iran

Iran/HGRC-01-IPI-
8206/2020 EPI_ISL_424349 2020-09-03 Iran Iran Human Genetic 

Research Center unknown Zeinali,S et al First sequence from inside Iran

unknown
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