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In New Tools to Combat Epidemics, 
the Key Is Context

“All the News That’s Fit to Print” Reprinted With PermissionTHURSDAY, JUNE 20, 2013

By AMY O’LEARY

Not long ago, Google Flu seemed 
like magic — a smart, cheap 
way to sift digital data for the 

public good.
But Google Flu, which tries to track 

flu outbreaks faster than the govern-
ment, has shown its limitations. Not 
only did it grossly overestimate the 
flu this year, but its methods did lit-
tle to track new, deadly diseases that 
could emerge anywhere, in places as 
random as a mass religious gathering 
on the banks of the Ganges or a poul-
try market in Shanghai.

Now a new project called BioMosaic 
is building a more comprehensive pic-
ture of foreign-borne disease threats 
in the United States, by merging three 
separate data tools into a single app 
for guiding decisions at the time of 
an outbreak.

“The best way to get these big-          
picture perspectives is to look at mul-
tiple layers of data,” said Dr. Marty 
Cetron, the director of the division of 
global migration and quarantine at the 
federal Centers for Disease Control 
and Prevention, who had the idea for 
the project.

By combining airline records, dis-
ease reports and demographic data, 
BioMosaic lets public health officials 
visualize health risks through a Web 
site and an iPad app. They can then 
deploy preventive measures to individ-
ual cities, counties or even hospitals to 
help thwart a larger crisis.

For example, after the 2010 earth-
quake in Haiti and subsequent chol-
era epidemic, BioMosaic showed 
where clusters of the 500,000 to 800,000 
Haitian-born residents in the Unit-
ed States were most likely to live, 
along with air and sea travel routes 
to and from Haiti, to pinpoint where 
anti-cholera measures in the United 
States would be most useful.

“It really helps you get right to the 
heart of the matter: that concept that 

a global event in Haiti becomes a local 
event in five counties in Florida and 
five counties in New York,” Dr. Cetron 
said. “When you see it, you get these 
aha! moments of appreciation.”

One of the doctors in the field who 
can benefit from these types of insights 
is Dr. Kamran Khan, an infectious 
disease specialist and researcher at 
St. Michael’s Hospital in Toronto.

Dr. Khan, who said he had a “bad 
habit of being around emerging dis-
eases,” has worked on the front lines 
of the 1999 West Nile virus outbreak 
and the H1N1 pandemic of 2009. But 
the event that hit closest to home was 
when his own hospital was affected by 
a deadly outbreak of severe acute re-
spiratory syndrome, or SARS, which 
hit Toronto in 2003.

That spring, the city had received 
an infected passenger from Hong Kong 
who passed SARS to family mem-
bers, activating quarantine measures 
across the city. Despite those efforts, 
44 people eventually died across Cana-
da, including two nurses and a doctor.

“No one wanted to come near you,” 
he said. “You quickly became an out-
cast in society.”

Once the outbreak was over, stud-
ies showed that cities like Toronto, 
with direct flights from Hong Kong, 
were 25 times as likely to record SARS 
cases as cities that could be reached 
only through a connecting flight. Cit-
ies that were two flight connections 
away from Hong Kong never observed 
a single case.

“It was this moment of recognizing 
the world is extremely interconnect-
ed,” Dr. Khan said.

That was the impetus for him to 
start digging for data on human move-
ments around the globe in his project 
called BioDiaspora, from interna-
tional air travel to large mass gath-
erings like the hajj, the Olympics or 
the World Cup.

Dr. Khan spent years negotiating 
with air traffic organizations, govern-

ments and airlines to amass a data-
base of human movement around the 
globe, encompassing 4,000 airports 
and 30 million flights a year, carrying 
2.5 billion passengers.

With that information, he can bet-
ter predict the likelihood of where a 
single case of bird flu in Asia, for in-
stance, might eventually surface on 
other continents.

It is powerful data, but made even 
more so when placed in BioMosaic 
alongside a mapping tool that tracks 
on-the-ground disease reports. That 
part of the puzzle is HealthMap, which 
was created by a team at Boston Chil-
dren’s Hospital under the direction of 
John Brownstein, a professor at Har-
vard Medical School.

His staff monitors everything 
from Arabic news reports on cholera 
to a local television story about a ra-
bid bat in Ohio. Each report is tagged 
and placed on a publicly available 
map that offers a global snapshot of 
infectious disease.

HealthMap employs translators 
who read articles and social media 
mentions in 15 different languages. 
Recently they found the medical re-
cord of a patient with the avian flu vi-
rus H7N9 on the Chinese social media 
site Weibo.

“It was the most striking thing,” Dr. 
Brownstein said. “If you think about 
the difference between that and SARS, 
we’re in a whole new world now.”

While BioMosaic is helping public 
health officials see rising threats more 
clearly, the holy grail for this kind of 
technology would be the ability to ac-
tually to predict an outbreak before it 
begins, Dr. Brownstein said. But still 
there are limits.

“Information will only get us so 
far,” said Dr. Khan, whose personal 
experience has made him aware that 
equally pernicious forces, such as pol-
itics, nationalism, strained resources 
and fear, can, in a crisis, override even 
the best data tools.

Copyright © 2013 by The New York Times Company. Reprinted with permission.





Khan K et al. Lancet Infect Dis 2012

London Olympics 2012 
Integrated Global Epidemic Surveillance & Transportation Modelling



Khan K et al. PLoS Currents Outbreaks; 2014 June 6



Washington
1,078

Philadelphia
941

Miami
 5,753

Charlotte
 1,828

Chicago
709

Atlanta
606

Boston
 1,234

San Juan
6,885

New York
6,522

Tampa
549

Denver
537

San Francisco
 616

Orlando
897

Los Angeles
971

Las Vegas
654

101 - 500

501 - 1,000

1,001 - 5,000

> 5,000

Traveller Volume

Aedes aegypti or Aedes albopictus reported

States with average temperature > 20 °C

Khan K et al. PLoS Currents Outbreaks; 2014 June 6

Autochthonous!
Transmission !

Observed





T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med nejm.org6

epidemic is complicated by incomplete informa-
tion on the clinical outcomes of many cases, 
both detected and undetected. Estimates of the 
case fatality rate (Table 2) derived by calculating 
the ratio of all reported deaths to all reported 
cases to date are low in comparison with his-
torical outbreaks and are highly variable among 
the affected countries. However, estimating the 
case fatality rate using only the 46% of cases 
with definitive recorded clinical outcomes gives 

higher estimates that show no significant varia-
tion among countries (Table 2). This analysis 
shows that by September 14, a total of 70.8% 
(95% confidence interval [CI], 68.6 to 72.8) of 
case patients with definitive outcomes have 
died, and this rate was consistent among Guin-
ea, Liberia, and Sierra Leone (Table 2). The case 
fatality rate in Nigeria was lower (45.5%), though 
this estimate is based on only 11 recent cases. 
The case fatality rate among hospitalized case 
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Figure 2. Weekly Incidence of Confirmed, Probable, and Suspected Ebola Virus Disease Cases.

Shown is the weekly incidence of confirmed, probable, and suspected EVD cases, according to actual or inferred week of symptom on-
set. A suspected case is illness in any person, alive or dead, who has (or had) sudden onset of high fever and had contact with a person 
with a suspected, probable, or confirmed Ebola case or with a dead or sick animal; any person with sudden onset of high fever and at 
least three of the following symptoms: headache, vomiting, anorexia or loss of appetite, diarrhea, lethargy, stomach pain, aching mus-
cles or joints, difficulty swallowing, breathing difficulties, or hiccupping; or any person who had unexplained bleeding or who died sud-
denly from an unexplained cause. A probable case is illness in any person suspected to have EVD who was evaluated by a clinician or 
any person who died from suspected Ebola and had an epidemiologic link to a person with a confirmed case but was not tested and did 
not have laboratory confirmation of the disease. A probable or suspected case was classified as confirmed when a sample from the per-
son was positive for Ebola virus in laboratory testing.
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Figure 5. Predicted geographical distribution of the zoonotic niche for Ebola virus. (A) Shows the total populations 
living in areas of risk of zoonotic transmission for each at-risk country. The grey rectangle highlights countries in 
which index cases of Ebola virus disease have been reported (Set 1); the remainder are countries in which risk of 
zoonotic transmission is predicted, but in which index cases of Ebola have not been reported (Set 2). These 
countries are ranked by population at risk within each set. The population at risk Figure in 100,000 s is given above 
each bar. (B) Shows the predicted distribution of zoonotic Ebola virus. The scale reflects the relative probability that 
zoonotic transmission of Ebola virus could occur at these locations; areas closer to 1 (red) are more likely to harbour 
zoonotic transmission than those closer to 0 (blue). Countries with borders outlined are those which are predicted 
to contain at-risk areas for zoonotic transmission based on a thresholding approach (see ‘Materials and methods’). 
Figure 5. Continued on next page
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Abstract Ebola virus disease (EVD) is a complex zoonosis that is highly virulent in humans. The 
largest recorded outbreak of EVD is ongoing in West Africa, outside of its previously reported and 
predicted niche. We assembled location data on all recorded zoonotic transmission to humans and 
Ebola virus infection in bats and primates (1976–2014). Using species distribution models, these 
occurrence data were paired with environmental covariates to predict a zoonotic transmission 
niche covering 22 countries across Central and West Africa. Vegetation, elevation, temperature, 
evapotranspiration, and suspected reservoir bat distributions define this relationship. At-risk areas 
are inhabited by 22 million people; however, the rarity of human outbreaks emphasises the very 
low probability of transmission to humans. Increasing population sizes and international connectivity 
by air since the first detection of EVD in 1976 suggest that the dynamics of human-to-human 
secondary transmission in contemporary outbreaks will be very different to those of the past.
DOI: 10.7554/eLife.04395.001

Introduction
Ebola viruses have for the last forty years been responsible for a number of outbreaks of Ebola virus 
disease (EVD) in humans (Pattyn et al., 1977), with high case fatality rates typically around 60–70%, 
but potentially reaching as high as 90% (Feldmann and Geisbert, 2011). The most recent outbreak 
began in Guinea in December 2013 (Baize et al., 2014; Bausch and Schwarz, 2014) and has subse-
quently spread to Liberia, Sierra Leone and Nigeria (ECDC, 2014). The unprecedented size and scale 
of this ongoing outbreak has the potential to destabilise already fragile economies and healthcare 
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Assessment of the potential for international dissemination 
of Ebola virus via commercial air travel during the 2014 west 
African outbreak
Isaac I Bogoch, Maria I Creatore, Martin S Cetron, John S Brownstein, Nicki Pesik, Jennifer Miniota, Theresa Tam, Wei Hu, Adriano Nicolucci, 
Saad Ahmed, James W Yoon, Isha Berry, Simon Hay, Aranka Anema, Andrew J Tatem, Derek MacFadden, Matthew German, Kamran Khan

Summary
Background The WHO declared the 2014 west African Ebola epidemic a public health emergency of international 
concern in view of its potential for further international spread. Decision makers worldwide are in need of empirical 
data to inform and implement emergency response measures. Our aim was to assess the potential for Ebola virus to 
spread across international borders via commercial air travel and assess the relative efficiency of exit versus entry 
screening of travellers at commercial airports.

Methods We analysed International Air Transport Association data for worldwide flight schedules between Sept 1, 2014, 
and Dec 31, 2014, and historic traveller flight itinerary data from 2013 to describe expected global population 
movements via commercial air travel out of Guinea, Liberia, and Sierra Leone. Coupled with Ebola virus surveillance 
data, we modelled the expected number of internationally exported Ebola virus infections, the potential effect of air 
travel restrictions, and the efficiency of airport-based traveller screening at international ports of entry and exit. We 
deemed individuals initiating travel from any domestic or international airport within these three countries to have 
possible exposure to Ebola virus. We deemed all other travellers to have no significant risk of exposure to Ebola virus.

Findings Based on epidemic conditions and international flight restrictions to and from Guinea, Liberia, and 
Sierra Leone as of Sept 1, 2014 (reductions in passenger seats by 51% for Liberia, 66% for Guinea, and 85% for 
Sierra Leone), our model projects 2·8 travellers infected with Ebola virus departing the above three countries via 
commercial flights, on average, every month. 91 547 (64%) of all air travellers departing Guinea, Liberia, and Sierra 
Leone had expected destinations in low-income and lower-middle-income countries. Screening international travellers 
departing three airports would enable health assessments of all travellers at highest risk of exposure to Ebola virus 
infection.

Interpretation Decision makers must carefully balance the potential harms from travel restrictions imposed on 
countries that have Ebola virus activity against any potential reductions in risk from Ebola virus importations. Exit 
screening of travellers at airports in Guinea, Liberia, and Sierra Leone would be the most efficient frontier at which to 
assess the health status of travellers at risk of Ebola virus exposure, however, this intervention might require 
international support to implement effectively. 

Funding Canadian Institutes of Health Research.

Introduction
On Aug 8, 2014, and for only the third time in the 
agency’s history, the WHO declared a public health 
emergency of international concern (PHEIC) to unite 
the global community in its efforts to bring the current 
epidemic of Ebola virus in west Africa under control.1 
Key factors influencing the declaration were the 
unprecedented scale and geographic range of the 
epidemic coupled with the constrained public health 
capacity of affected countries, high fatality ratio, and 
the observed international spread of Ebola virus 
into Nigeria–Africa’s most populous country, with a 
population of more than 170 million.2 Coordinated 
international action to control the epidemic at its source 
is mounting; however, uncoordinated unilateral actions 
are also emerging including controversial measures that 
ban travel and trade to and from affected countries.3

The 2005 International Health Regulations (IHR) 
describe the guiding principles by which 196 participating 
countries are bound when responding to a PHEIC, such 
as the current Ebola epidemic. The purpose and scope of 
the IHR are to “prevent, protect against, control and 
provide a public health response to the international 
spread of disease in ways that are commensurate with 
and restricted to public health risks, and which avoid 
unnecessary interference with international traffic 
and trade”.4 However, evidence is missing to help 
decision makers objectively and dispassionately balance 
the reduction in risk to unaffected countries by restricting 
international travel from areas affected by Ebola virus, 
against the possible humanitarian and public health 
consequences to countries currently in the midst of the 
epidemic. Using empirical data for global population 
mobility via air travel, Ebola virus surveillance, and 
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International EVD Dispersion 
Data and Methods

• Air travel data from Int’l Air Transport Association (IATA) 

• Flight schedules from Sept-Dec 2014 

• Assessment of flight cancellations & travel restrictions 

• Passenger flight itineraries from Sept-Dec 2013



• Ebola virus infections are  

• Homogeneously distributed in Guinea, Liberia and Sierra Leone 

• Independent of probability of air travel 

• Sensitivity analyses 

• Flat epidemic curve vs exponential growth 

• Pre-epidemic & reduced travel volume scenarios 

• Underreporting of EVD cases

International EVD Dispersion 
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risks to currently unaffected countries but which could 
concurrently have adverse economic, health, social and 
humanitarian consequences to affected countries (panel).

We determined that the volume of international air 
traffic departing the three countries facing widespread 
community-based transmission of Ebola virus disease, 
namely Guinea, Liberia, and Sierra Leone, was low 
relative to other countries. To study the potential for 
Ebola virus exportation, however, these numbers must 
be considered in the context of potential travel 
restrictions, the intensity of Ebola virus activity in 
affected countries, and the underlying assumptions of 
our model. As shown in our analysis and witnessed by 
the imported case of Ebola virus into Nigeria and the 
USA, the potential for further international spread via air 
travel remains present. Of additional concern is that the 
anticipated destinations of more than 60% of travellers 
departing Guinea, Liberia, and Sierra Leone are to 
low-income or lower-middle income countries, where 
inadequately resourced medical and public health 
systems might be unable to detect and adequately 
manage an imported case of Ebola virus disease, 
including possible subsequent community spread.8

One intervention, which could help maintain crucial 
supply chains into affected countries but mitigate the 
risk of international spread of disease, is the use of 
non-commercial flights to transport essential personnel 
and materials. For commercial flights, airport-based 
traveller screening, which can be done at the point of exit 
(departure) from or entry (arrival) to an airport can be 
considered. Exit screening would help identify travellers 
with symptoms consistent with Ebola virus disease at an 
earlier stage than entry screening,9 whereas both would 
miss latent infections during the 8–10 day average (range 
2–21 day) incubation period.

Our analyses show that exit screening at international 
points of departure would offer greater efficiency, and 
might be simpler to operationalise, than entry screening 
all flights arriving directly from affected countries. By 
comparison, entry screening at international airports to 
which no direct flights are arriving from affected 
countries would be highly inefficient if border authorities 
are unable to easily identify which travellers originated 
from countries currently experiencing community-based 
Ebola virus transmission.

Furthermore, in view of the non-specific symptoms of 
early Ebola virus infection, the predictive value of a 
positive health screening test would be extremely low, 
regardless of its sensitivity or specificity (ie, likelihood 
that a positive screening test would represent Ebola virus 
disease). Hence, screening travellers on multisegment 
flights to their final destination would probably have 
minimum benefits to unaffected countries but could 
incur important opportunity costs. Moreover, the short 
flight durations out of affected countries, compared with 
the much longer incubation period of Ebola virus, 
indicates that if exit screening from affected countries 

were implemented effectively, the incremental gains 
from additional entry screening would be negligible. On 
Aug 8, 2014, the WHO proposed the use of exit 
screening.10 However, since exit screening is likely to 
further draw on valuable health and human resources 
from resource-poor countries in the midst of an 
emergency,11,12 support from the international community 
will be necessary to effectively implement these 
recommendations. For maximum efficacy, any screening 
programme should be coupled with strategies for the 
early detection of imported cases.

Although not directly assessed in this study, educational 
and communication strategies could be used to further 
reduce the risk of international spread of Ebola virus or 
to rapidly identify new imported cases. These strategies 
could include advice for individuals before travelling, 
with emphasis on international aid workers and 
foreign-born diaspora populations returning home to 
visit friends and relatives in affected areas. In some 
cases, international aid workers have agreed to a 
self-imposed 21-day monitoring period post-return from 
affected countries.13,14 Travellers visiting friends and 
relatives might also be at increased risk of exposure to 
Ebola virus, for example if they are visiting ill relatives or 
attending funerals.15

Traveller 
volume*

Proportion 
of total 
volume 
(%)

Health-system capacity measures (global rank out of 
191 countries)

Health-care 
expenditure 
per head, US$†

Physicians 
per 1000 
people†

Nurses and 
midwives per 
1000 people†

Hospital 
beds per 
1000 people†

Ghana 25 272 17·5% 83 (149) 0·1 (135) 0·9 (116) 0·9 (142)

Senegal 20 818 14·4% 51 (158) 0·1 (135) 0·4 (140) 0·3 (165)

UK 12 493 8·7% 3647 (20) 2·8 (42) 8·8 (23) 2·9 (69)

France 10 292 7·1% 4690 (14) 3·2 (31) 9·3 (19) 6·4 (15)

Gambia 9849 6·8% 26 (177) 0 (152) 0·6 (130) 1·1 (134)

Côte d’Ivoire 8266 5·7% 88 (147) 0·1 (135) 0·5 (136) NA

Morocco 7574 5·2% 190 (119) 0·6 (104) 0·9 (116) 0·9 (142)

Belgium 5541 3·8% 4711 (13) 3 (34) 15·8 (4) 6·5 (13)

Nigeria 4182 2·9% 94 (144) 0·4 (110) 1·6 (100) NA

China 4090 2·8% 322 (100) 1·9 (67) 1·9 (92) 3·8 (49)

Mali 3680 2·5% 42 (164) 0·1 (135) 0·4 (140) 0·1 (168)

USA 2927 2·0% 8895 (3) 2·5 (52) 9·8 (18) 2·9 (69)

India 2466 1·7% 61 (153) 0·7 (102) 1·7 (96) 0·7 (149)

Kenya 2392 1·7% 45 (162) 0·2 (122) 0·8 (121) 1·4 (123)

Germany 1825 1·3% 4683 (15) 3·8 (14) 11·5 (12) 8·2 (6)

Lebanon 1706 1·2% 675 (62) 3·2 (31) 2·7 (81) 3·5 (55)

South Africa 1558 1·1% 645 (64) 0·8 (99) 4·9 (55) NA

Guinea-Bissau 1340 0·9% 30 (175) 0 (152) 0·6 (130) 1 (139)

Canada 1299 0·9% 5741 (8) 2·1 (61) 9·3 (19) 2·7 (75)

Italy 1293 0·9% 3032 (23) 4·1 (9) 0·3 (145) 3·4 (60)

NA=No data available. *From Sept 1, 2013, to Dec 31, 2013. †2007–12 estimates from World Bank.

Table 3: Top 20 final destination countries of individuals initiating air travel from within Guinea, Liberia, 
and Sierra Leone and corresponding indicators of health system capacity

Two Thirds of Air 
Traffic goes to Low 
and Lower-Middle 
Income Countries
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Entry and exit screening of airline travellers during the A(H1N1) 2009 
pandemic: a retrospective evaluation
Kamran Khan,a Rose Eckhardt,b John S Brownstein,c Raza Naqvi,d Wei Hu,b David Kossowsky,b David Scales,e 
Julien Arino,f Michael MacDonald,g Jun Wang,b Jennifer Searsb & Martin S Cetronh

Introduction
New infectious diseases appear to be emerging faster now 
than ever before, and many diseases that were once controlled 
are re-emerging.1 These trends are probably driven by the 
convergence of various global forces, including growth in the 
human population, urbanization, changes in the interactions 
between human and animal populations, climate change, and 
increases in international travel and trade.2–6 Each year, more 
than 700 airlines transport over 2.5 billion (i.e. 2500 million) 
travellers between 4000 airports. While growth in air travel 
confers tremendous benefits to humankind, it also expands the 
opportunities for local infectious disease outbreaks to trans-
form swiftly into international epidemics that can threaten 
global health, security and prosperity.7,8 In 2005, in response 
to the changing patterns observed in the global spread of sev-
eral infectious diseases, the World Health Assembly ratified 
changes to the 1969 International Health Regulations.9 The 
stated aims of the revised regulations were “to prevent, protect 
against, control and provide a public health response to the 
international spread of disease in ways that are commensurate 
with and restricted to public health risks, and which avoid 
unnecessary interference with international traffic and trade”.9 
These aims can be achieved by addressing the local conditions 
that contribute to the emergence of epidemics of infectious 
disease and – if such prevention fails – by tackling local infec-
tious disease outbreaks before they evolve into international 
events. Since public health capacity can be easily overwhelmed, 

particularly in resource-limited countries, some infectious 
disease epidemics will inevitably spread across international 
borders.10 In these instances, national authorities worldwide 
will face difficult, time-sensitive decisions about whether the 
entry screening of international travellers is warranted. These 
decisions require not only a clear, a priori articulation of the 
goals of traveller screening – specifically, whether the objective 
is to prevent the importation of a pathogen or just to delay such 
importation and so “buy” a little time to enhance prepared-
ness – but also rigorous assessments of the expected costs 
and benefits of screening and of the probability of its success 
(with estimates of uncertainty), as well as predictions of the 
morbidity and/or mortality that could be averted by screening.

While outright travel restrictions are generally regarded 
as excessively disruptive, current opinions on the health 
screening of travellers – and the best strategies to adopt – are 
mixed.11–18 In attempts to model the public health impact of 
traveller screening, little attention has been paid to the loca-
tion of the cities that are contemplating screening in relation 
to the location of the epidemic or pandemic of interest within 
the global air transportation network. Decisions about travel-
ler screening are frequently made on the basis of suboptimal 
evidence and, in consequence, may be unduly influenced by 
public or political perception of the risks to health posed by a 
particular pathogen. Recently, a panel of international experts 
in the field evaluated the performance of the 2005 Interna-
tional Health Regulations during the influenza A (H1N1) 
2009 pandemic and highlighted the need for stronger evidence 

Objective To evaluate the screening measures that would have been required to assess all travellers at risk of transporting A(H1N1)pdm09 
out of Mexico by air at the start of the 2009 pandemic.
Methods Data from flight itineraries for travellers who flew from Mexico were used to estimate the number of international airports where 
health screening measures would have been needed, and the number of travellers who would have had to be screened, to assess all air 
travellers who could have transported the H1N1 influenza virus out of Mexico during the initial stages of the 2009 A(H1N1) pandemic.
Findings Exit screening at 36 airports in Mexico, or entry screening of travellers arriving on direct flights from Mexico at 82 airports in 26 
other countries, would have resulted in the assessment of all air travellers at risk of transporting A(H1N1)pdm09 out of Mexico at the start 
of the pandemic. Entry screening of 116 travellers arriving from Mexico by direct or connecting flights would have been necessary for every 
one traveller at risk of transporting A(H1N1)pdm09. Screening at just eight airports would have resulted in the assessment of 90% of all air 
travellers at risk of transporting A(H1N1)pdm09 out of Mexico in the early stages of the pandemic.
Conclusion During the earliest stages of the A(H1N1) pandemic, most public health benefits potentially attainable through the screening 
of air travellers could have been achieved by screening travellers at only eight airports.
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at least in the short-term, the benefits 
of exit screening in any country with an 
epidemic would be realized entirely by 
other countries while placing additional 
strain on the source country.26 These 
realities should create incentives for 
countries that are currently unaffected 
by the pathogen producing the epi-
demic – particularly those with strong 
travel ties to the affected country – to 
offer international assistance as a means 
to protect their own vital interests. If 
epidemic source control and timely 
and effective exit screening are not at-
tainable, then targeted entry screening 
could mitigate the impact of imported 
disease, as a supplement to a robust, 
community-level response.

Based on the results of the present, 
retrospective evaluation, we developed 
a decision-support tool for national 
authorities confronted with the for-
midable challenge of making rational, 
timely and defensible decisions about 
the health screening of travellers dur-
ing future epidemics of international 
concern (Fig. 5). Importantly, this tool 
takes account of the position of the city 
in which screening is being contem-

plated, in relation to the geographical 
source of the epidemic of concern as 
well as the continuously evolving, global 
network of air travel and transportation. 
Hence, it can offer recommendations 
that are customized to individual cities 
responding to epidemic threats that 
are emerging in different geographical 
regions and at different times. If this 
tool had been used during the initial 
stages of the A(H1N1) 2009 pandemic, 
we estimate that over 90% of the public 
health benefits attainable worldwide by 
screening international travellers could 
have been realized by intervening at 
just eight international airports (i.e. by 
exit screening at Mexico’s six largest 
international airports and targeted entry 
screening at the international airports in 
Shanghai and Tokyo).

The present study has several limi-
tations. We did not address the issues 
of whether international air travellers 
should be screened at all or, if it is de-
termined that they should, of when the 
screening programmes should be initi-
ated and discontinued. We believe that 
the answers to these questions cannot be 
easily generalized but, instead, must be 

adapted to the articulated goals of any 
screening, the levels of risk tolerance 
of national health authorities, and the 
specific circumstances that arise during 
future epidemics or pandemics of infec-
tious disease. Factors that could influ-
ence the decision to screen travellers in-
clude (but are not limited to): (i) the es-
timated probability of successful source 
control and, failing that, the estimated 
probability of the international export of 
the pathogen; (ii) the estimated preva-
lences of infection and symptomatic 
disease in travellers11; (iii) the clinical 
spectrum of illness and the ability to 
detect relevant illness through direct ob-
servation, traveller health declarations, 
and/or complementary tests such as 
infrared thermography; (iv) the operat-
ing characteristics and limitations of the 
available screening methods27; (v) the 
global epidemiologic pattern of the epi-
demic disease at the time when traveller 
screening is first contemplated10; (vi) the 
opportunity costs of detecting other 
infectious diseases of lesser significance 
as a consequence of screening28; (vii) the 
perceived contagiousness and severity of 
the epidemic disease and its estimated 
domestic health and economic im-
pacts29; (viii) the availability and costs of 
any effective methods for the prevention 
or treatment of the epidemic disease; 
and (ix) the projected public health 
benefits of health screening at airports 
(relative to those that could be realized 
by intervening at other international 
and/or domestic frontiers).

The conclusions of our analysis are 
drawn from the experience of a pan-
demic emerging in Mexico, which is not 
a leading transit hub for international 
travellers. If a future pandemic were to 
emerge around a major international 
transit hub (e.g. Frankfurt), a greater 
proportion of travellers departing from 
that hub would be low-risk travellers 
who had initiated trips from areas of 
the world with little or no infectious 
disease activity and were simply pass-
ing through the hub, en route to their 
final destinations. In such instances, the 
prevalence of detectable disease – and, 
consequently, the positive predictive 
value of any screening method – would 
decline unless international transit 
travellers could easily be separated from 
other international travellers within 
the hub.

For the present evaluation, we used 
static definitions of “at-risk” and “low-
risk” travellers based on the presump-

Fig. 5. Evidence-based decision-support tool for cities at risk of the importation of a 
pathogen causing infectious disease

Yes

Yes

Yes Yes

No

No

No No

Global area(s) with
community-based
epidemic activity

Heighten local infectious disease surveillance and mobilize resources for public-health control

Effective exit screening
implemented?

Evaluate role of
entry screening

Screening of travellers
not suggested

Evaluate role of entry 
screening

Screening of travellers 
not suggested

Non-stop flights arriving
directly from affected area?

Infectious agent with
short incubation period?

Non-stop flights arriving
directly from affected area?

Note: As a supplement to exit screening, targeted entry screening might be useful for pathogens with 
short incubation periods and travellers who have been on long, non-stop, international flights. Although 
there are no predefined thresholds for “short” incubation periods or “long” non-stop flights, the probability 
of a traveller with an undetectable latent infection at the point of departure developing potentially 
detectable active disease during the course of his or her travel increases with increasing flight times and/
or decreasing incubation periods. To maximize the efficiency of entry screening, travellers would have to 
be assessed at the arrival gates where their flights land (i.e. before travellers at risk of infection mix with 
other travellers at low risk of infection in the destination airport).
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at least in the short-term, the benefits 
of exit screening in any country with an 
epidemic would be realized entirely by 
other countries while placing additional 
strain on the source country.26 These 
realities should create incentives for 
countries that are currently unaffected 
by the pathogen producing the epi-
demic – particularly those with strong 
travel ties to the affected country – to 
offer international assistance as a means 
to protect their own vital interests. If 
epidemic source control and timely 
and effective exit screening are not at-
tainable, then targeted entry screening 
could mitigate the impact of imported 
disease, as a supplement to a robust, 
community-level response.

Based on the results of the present, 
retrospective evaluation, we developed 
a decision-support tool for national 
authorities confronted with the for-
midable challenge of making rational, 
timely and defensible decisions about 
the health screening of travellers dur-
ing future epidemics of international 
concern (Fig. 5). Importantly, this tool 
takes account of the position of the city 
in which screening is being contem-

plated, in relation to the geographical 
source of the epidemic of concern as 
well as the continuously evolving, global 
network of air travel and transportation. 
Hence, it can offer recommendations 
that are customized to individual cities 
responding to epidemic threats that 
are emerging in different geographical 
regions and at different times. If this 
tool had been used during the initial 
stages of the A(H1N1) 2009 pandemic, 
we estimate that over 90% of the public 
health benefits attainable worldwide by 
screening international travellers could 
have been realized by intervening at 
just eight international airports (i.e. by 
exit screening at Mexico’s six largest 
international airports and targeted entry 
screening at the international airports in 
Shanghai and Tokyo).

The present study has several limi-
tations. We did not address the issues 
of whether international air travellers 
should be screened at all or, if it is de-
termined that they should, of when the 
screening programmes should be initi-
ated and discontinued. We believe that 
the answers to these questions cannot be 
easily generalized but, instead, must be 

adapted to the articulated goals of any 
screening, the levels of risk tolerance 
of national health authorities, and the 
specific circumstances that arise during 
future epidemics or pandemics of infec-
tious disease. Factors that could influ-
ence the decision to screen travellers in-
clude (but are not limited to): (i) the es-
timated probability of successful source 
control and, failing that, the estimated 
probability of the international export of 
the pathogen; (ii) the estimated preva-
lences of infection and symptomatic 
disease in travellers11; (iii) the clinical 
spectrum of illness and the ability to 
detect relevant illness through direct ob-
servation, traveller health declarations, 
and/or complementary tests such as 
infrared thermography; (iv) the operat-
ing characteristics and limitations of the 
available screening methods27; (v) the 
global epidemiologic pattern of the epi-
demic disease at the time when traveller 
screening is first contemplated10; (vi) the 
opportunity costs of detecting other 
infectious diseases of lesser significance 
as a consequence of screening28; (vii) the 
perceived contagiousness and severity of 
the epidemic disease and its estimated 
domestic health and economic im-
pacts29; (viii) the availability and costs of 
any effective methods for the prevention 
or treatment of the epidemic disease; 
and (ix) the projected public health 
benefits of health screening at airports 
(relative to those that could be realized 
by intervening at other international 
and/or domestic frontiers).

The conclusions of our analysis are 
drawn from the experience of a pan-
demic emerging in Mexico, which is not 
a leading transit hub for international 
travellers. If a future pandemic were to 
emerge around a major international 
transit hub (e.g. Frankfurt), a greater 
proportion of travellers departing from 
that hub would be low-risk travellers 
who had initiated trips from areas of 
the world with little or no infectious 
disease activity and were simply pass-
ing through the hub, en route to their 
final destinations. In such instances, the 
prevalence of detectable disease – and, 
consequently, the positive predictive 
value of any screening method – would 
decline unless international transit 
travellers could easily be separated from 
other international travellers within 
the hub.

For the present evaluation, we used 
static definitions of “at-risk” and “low-
risk” travellers based on the presump-

Fig. 5. Evidence-based decision-support tool for cities at risk of the importation of a 
pathogen causing infectious disease
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Note: As a supplement to exit screening, targeted entry screening might be useful for pathogens with 
short incubation periods and travellers who have been on long, non-stop, international flights. Although 
there are no predefined thresholds for “short” incubation periods or “long” non-stop flights, the probability 
of a traveller with an undetectable latent infection at the point of departure developing potentially 
detectable active disease during the course of his or her travel increases with increasing flight times and/
or decreasing incubation periods. To maximize the efficiency of entry screening, travellers would have to 
be assessed at the arrival gates where their flights land (i.e. before travellers at risk of infection mix with 
other travellers at low risk of infection in the destination airport).
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Traveller destinations and Health System Capacity
As a crude surrogate marker for health-care capacity, we 
examined the World Bank income group (ie, low-income, 
lower-middle-income, upper-middle-income, or high-
income country) of the final destinations of travellers 
departing Guinea, Liberia, and Sierra Leone.7 Destination 
cities of travellers were aggregated to the country level 
and also compared with selected national indicators of 
health-care system capacity from the World Bank (eg, 
health-care expenditures per head, physicians per 1000 
people, hospital beds per 1000 people) to identify 
countries with high levels of connectivity to Ebola virus 
affected areas but with constrained health-care resources.7

Role of the funding source:
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
In 2013, 0·02% (183 485 travellers) of the world’s 
total commercial international air traffic volume 
(1 105 005 867 individuals) were air travellers departing 
Guinea, 0·02% (163 274 individuals) were air travellers 
departing Sierra Leone, and 0·01% (148 101 individuals) 
were air travellers departing Liberia (figure 1). Countries 
sharing a land border with Guinea, Liberia, and 
Sierra Leone also had low volumes of international air 
traffic, whereas Nigeria accounted for about four times 
the volume of international air travel from the above 
three countries combined. Reported flight cancellations 
and restrictions as of Sept 1, 2014, reduced scheduled 
commercial air traffic capacity (between Sept 1, 2014, and 
Dec 31, 2014) to and from Liberia by 51%, Guinea by 
66%, and Sierra Leone by 85%.

We found that health screening of travellers at risk of 
exposure would be most efficient if done at international 
points of departure from countries with community-based 
transmission of Ebola virus (table 1). Exit screening 
travellers at airports in three cities (ie, Conakry, Monrovia, 
and Freetown) would allow for health assessments of all 
travellers departing Guinea, Liberia, and Sierra Leone. By 
comparison, entry screening the very same travellers as 
they arrive in other countries via non-stop international 
flights (ie, entry screening of direct flights) would require 
intervention in 15 cities across 15 countries. Of the 
commercial airports in 1238 cities worldwide that do not 
receive direct flights from Guinea, Liberia, or Sierra Leone, 
an average of 2512 travellers would have to be screened (or 
their trip itineraries examined) to identify one traveller 
originating from one of the above three countries. We also 
found the median travel times on non-stop flights out of 
Guinea, Liberia, and Sierra Leone to be 2·7 h (IQR 
2·0–6·1), making it unlikely that an infected individual 
who was asymptomatic at exit screening would develop 

symptoms during their flight; hence the expected 
incremental usefulness of entry screening in addition to 
effective exit screening would be very low.

Assuming pre-outbreak and unrestricted travel 
conditions and no health screening of travellers (and the 

Figure 1: Global volume of international air traveller departures by country, 2013
Countries are shown in decreasing order of air traffic volume. Countries sharing a land border with Guinea, Liberia, 
and Sierra Leone are shown by green arrows. A1=Senegal (1 022 058; 0·09% of total volume). A2=Côte d’Ivoire 
(663 438; 0·06% of total volume), A3=Mali (325 983; 0·03% of total volume). A4=Guinea-Bissau (45 702; <0·01% 
of total volume).
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Country

USA
89 240 376 (8·08% of total volume)

A1 A2 A3 A4

UK
78 553 785 (7·11% of total volume)

Germany
57 737 835
(5·23% of total volume)

Nigeria
1 965 943
(0·18% of total volume)

Liberia
148 101

(0·01% of total volume)

Sierra Leone
163 274

(0·02% of total volume)

Guinea
183 485

(0·02% of total volume)

Exit screening Entry screening of 
direct flights

Entry screening of 
indirect flights

Number of cities where screening 
would be required

3* 15† 1238

Estimated number of travellers who 
would be screened

144 798 144 798 362 855 926

Estimated number of low-risk‡ 
travellers who would be screened (%)

376 (0·1%) 376 (0·1%) 362 711 504 (99·9%)

Number of travellers needed to screen 
to assess one traveller with potential 
exposure to Ebola virus§

1 1 2512

Travel time until screening, h

Median (IQR) 0 2·7 (2·0–6·1) 4·0 (2·0–7·6)¶

Mean (SD) 0 3·9 (2·6) 5·8 (4·9)

Data include travellers departing Guinea, Liberia, and Sierra Leone and travellers on connecting flights departing these 
countries. Data are based on air traveller flows reported from Sept 1, 2013, to Dec 31, 2013. *Four international 
airports in three cities across three countries (since these countries do not have any solely domestic airport this number 
represents all airports in the three countries); one airport in Monrovia has since been closed. †16 airports in 15 cities 
across 15 countries. ‡We defined low-risk travellers as any traveller with an origin outside Guinea, Liberia, or Sierra 
Leone, including those simply transiting through these countries. §We defined travellers with possible exposure to 
Ebola virus as individuals initiating travel from any domestic or international airport within Guinea, Liberia, and 
Sierra Leone. Travellers transiting through airports within Guinea, Liberia, and Sierra Leone or initiating travel from 
Senegal or Nigeria were not deemed to have such an exposure risk. ¶We assumed a 1 h layover for domestic flights and 
a 2 h layover for international flights.

Table 1: Efficiency of airport-based interventions to screen international travellers departing Guinea, 
Liberia, and Sierra Leone by frontier

EVD Traveler Screening Strategies
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FINAL DESTINATIONS AND VOLUMES OF TRAVELERS FROM MALI

From November to January

Addis Ababa  1,599

Tunis  1,538Algiers  1,659
Casablanca  2,212

Nouakchott  2,991

Conakry  2,353
Lagos  1,163

Ouagadougou  3,807

Libreville  2,683

Niamey  2,440Dakar  14,040

Paris  14,639
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Passenger volumes: IATA, November 2013 to January 2014   |   Scheduled non-stop flights: IATA, November 2014 to January 2015 

 

Johannesburg  7,333

Douala  10,885

Cotonou  7,192

Brussels  5,030

Paris  17,418

Nairobi  7,435

Bangui  5,706

 
FINAL DESTINATIONS AND VOLUMES OF TRAVELERS FROM CONGO 

From November to January



Timeliness



Bio.Diaspora 
Preparing for and Responding to Emerging Infectious 
Diseases in an Increasingly Globalized World

Kamran Khan MD MPH FRCPC 
Associate Professor 
Division of Infectious Diseases 
St. Michael’s Hospital 
University of Toronto 
www.biodiaspora.com

http://www.biodiaspora.com


• Globalization of emerging pathogens 

• Multidisciplinary team in Toronto 

• Curation & organization of diverse data 

• Web-GIS app for analysis & data visualization 

• Global partnerships including US CDC & WHO

Summary
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