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Estimation of Coronavirus Disease 2019 (COVID-19)
Burden and Potential for International Dissemination of
Infection From Iran
Background: The coronavirus disease 2019 (COVID-19)
epidemic began in Wuhan, China, in late 2019 and continues
to spread globally (1), with exported cases conﬁrmed in 109
countries at the time of writing (2). During the interval between 19 February and 23 February 2020, Iran reported its
ﬁrst 43 cases, with 8 deaths. Three exported cases originating
in Iran were identiﬁed, suggesting an underlying burden of
disease in that country greater than that indicated by reported
cases. A large epidemic in Iran could further fuel global dissemination of COVID-19.
Objective: To quantify the COVID-19 outbreak size in Iran
on the basis of known exported case counts and air travel
links between Iran and other countries, and to anticipate
where infections originating in Iran may spread next.
Methods: We assessed interconnectivity between Iran
and other countries by using direct and total traveler volumes
and ﬁnal destination cities of travelers originating in Iran in
February 2019, according to data from the International Air
Transport Association (accounting for 90% of global air travel,
with the other 10% modeled by using market intelligence).
Because exported cases were identiﬁed in United Arab Emirates (UAE), Lebanon, and Canada, we used the methods of
Fraser and colleagues (3) to estimate the size of the underlying epidemic in Iran that would be needed for these cases to
be observed with a reasonable probability. To estimate the

time at risk for COVID-19 exposure among travelers departing
Iran, we obtained data from the United Nations World Tourism Organization for the proportion of international travelers
who are residents of Iran (4) and the average length of stay of
tourists to Iran (5), and assumed that the Iranian outbreak began in early January 2020. We evaluated the relationship between the strength of travel links with Iran and the ranking of
destination countries on the Infectious Disease Vulnerability
Index (IDVI), a validated metric that estimates the capacity of a
country to respond to an infectious disease outbreak. Scores
range from 0 to 1, with higher scores reﬂecting greater capacity to manage infectious outbreaks.
Findings: A total of 212 000 persons traveled from Iranian
airports (Tehran, Rasht, and Arak) to international destinations
in February 2019. Although Qom has reported COVID-19 cases,
its international airport is still under construction. Global cities
receiving the greatest number of total travelers from Iran during
this period include Istanbul, Turkey (n = 46 550); Najaf, Iraq (n =
24 659); and Dubai, UAE (n = 16 340). Among the top 10
traveler-receiving cities, 4 (Najaf, Baghdad, Damascus, and Baku)
are in countries with an IDVI score lower than 0.6, suggesting
elevated vulnerability to infectious disease outbreaks as well as
limited ability to detect cases (Figure 1).
United Arab Emirates, Lebanon, and Canada ranked
third, 21st, and 31st, respectively, for outbound air travel volume from Iran in February 2019. We estimated that 18 300
COVID-19 cases (95% CI, 3770 to 53 470 cases) would have
had to occur in Iran, assuming an outbreak duration of 1.5
months in the country, in order to observe these 3 internationally exported cases reported at the time of writing.

Ranked Outbound Air Passenger Volume From Iran

Figure 1. Top 20 international cities connected to Iran by commercial air travel and associated vulnerability to infectious
disease outbreaks.
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Vulnerability is measured at the country level by using the IDVI score, with a lower value indicating reduced capacity to respond to outbreaks.
Countries with the lowest IDVI scores are indicated in green. The top 20 cities accounted for 70% of international outbound traveler volumes from
Iran in February 2019. The ﬁrst and 20th ranked cities, Istanbul and Milan, had 46 550 and 2500 outbound passengers, respectively, during this
period. IDVI = Infectious Disease Vulnerability Index.
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Figure 2. Estimated outbreak size in Iran required to observe exported cases internationally.
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The estimated cumulative number of COVID-19 cases in Iran required to observe 3 cases exported to UAE, LBN, and CAN is shown in green. We
also estimated the outbreak size required under alternate scenarios, including no additional exported cases to any other international destinations
despite perfect case detection and 1 additional exported case to IRQ, AZE, or SYR (independently or to all 3 countries). Mean and 95% CIs are
presented. The rate at which persons become infected while in Iran was assumed to be the same for residents and visitors. The rate of infection
among air passengers () was estimated as number of exported cases ÷ person-time at risk while in Iran. Person-time at risk was calculated as
number of outbound air passengers × (average length of stay for visitors × proportion of air passengers who are visitors + outbreak duration × proportion of air passengers who are residents of Iran). Outbreak size in Iran was then estimated as  × population size of Iran × outbreak duration.
AZE = Azerbaijan; CAN = Canada; COVID-19 = coronavirus disease 2019; IRQ = Iraq; LBN = Lebanon; SYR = Syria; UAE = United Arab Emirates.

Given the low rankings for Lebanon and Canada for outbound air travel, it is unlikely that cases would be identiﬁed in
these countries and not in Iraq, Syria, or Azerbaijan (countries
with higher travel volumes but low IDVI scores). Considering
traveler volume alone, the odds of a single case being imported into Iraq rather than Canada or Lebanon would be
33.6 to 1 and 15.4 to 1 respectively; for Azerbaijan, the odds
would be 3.8 to 1 and 1.7 to 1, respectively; and for Syria, the
odds would be 3.7 to 1 and 1.7 to 1, respectively. As such, we
performed exploratory analyses in which we assumed that an
unidentiﬁed exported case of COVID-19 was present in Iraq,
Syria, Azerbaijan, or all 3 countries, in addition to Lebanon,
Canada, and UAE, and estimated the outbreak size in Iran that
would produce these results (Figure 2). We also evaluated a
scenario in which we assumed perfect case detection in travelers from Iran, such that disease is truly absent in countries
not reporting cases. Under this “best-case” scenario, the estimated outbreak size in Iran was smaller but still substantial
(1820 cases [CI, 380 to 5320 cases]).
Discussion: Given the low volumes of air travel to countries with identiﬁed cases of COVID-19 originating in Iran
(such as Canada), Iran probably is currently experiencing a
COVID-19 epidemic of substantial size for such exportations
to be occurring. Our analysis would be modiﬁed by travel
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restrictions from Iran due to the recent political situation and
by variations in the R0 value. Further, the lack of identiﬁed
COVID-19 cases in countries with far closer travel ties to Iran
suggests that cases in these countries are probably being
missed rather than being truly absent. This is concerning,
both for public health in Iran itself and because of the high
likelihood for outward dissemination of the disease to neighboring countries with lower capacity to respond to infectious
disease epidemics. Supporting capacity for public health initiatives in the region is urgently needed.
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