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Purpose of review

The importance of travelling as an important factor for spread of influenza has become

even more evident during the recent pandemic year. All the same, the mechanism for

seasonal spreading of influenza is not yet fully understood.

Recent findings

The incidence of influenza in returning febrile travellers from subtropical and tropical

regions is between 5 and 15% with no significant differences between those vaccinated

and not vaccinated in the reviewed studies. The power of the studies to detect

differences are, however, low. In these studies, 12–85% of the travellers or pilgrims

were vaccinated against influenza. Air transportation, and especially long-haul flight, is a

key factor for the spread of influenza even though travel restrictions seem to be of no use

for preventing a pandemic spread.

Summary

Influenza should always be considered in a febrile traveller with or without respiratory

symptoms. Future studies on incidence of travel-related influenza should consider the

short incubation period for a better estimate. Vaccine from the opposite hemisphere

should be made available for travellers, and influenza vaccine studies should focus on

optimizing the effect of the vaccine in the elderly and immunocompromised.
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Introduction

The English word ‘influenza’ was first used in the outbreak

of 1743, which started in Italy, and borrowed from Italian

‘influenza’ meaning visitation or influence (of the stars)

[1]. Influenza has always been connected with travel,

and modern knowledge about influenza epidemiology

includes travelling by air as an essential part of the spread.

This is exemplified by the consequences of the terrorist

attack in the United States in 2001, which delayed that

winter’s seasonal influenza peak and decreased trans-

mission [2]. Simulation studies have proved the import-

ance of airplanes as a way of spreading influenza [3].

Frequent travellers contribute to the international spread-

ing [4] even though air travel restrictions have a limited

impact on an outbreak of pandemic influenza [5]. A Swiss

study [6] indicated that influenza was the most frequent

vaccine-preventable infection among travellers to tropical

and subtropical countries. GeoSentinel data on respiratory

tract infections in travellers revealed that influenza was

associated with travel to the northern hemisphere in

December–February, travelling to visit friends and

relatives, and trip duration of more than 30 days [7]. As

the incubation period of influenza is 1–3 days, these two
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studies could not fully rule out nontravel-related influenza

during the seasonal outbreak.

Travelling to an international mass gathering is a risk for

influenza, including the potential for introduction of new

drift variants of the virus. Influenza attack rate among

pilgrims to the annual Hajj in 2003 was 38% [8]. Given

approximately two million Muslim travellers, this might

certainly have had an effect on a pandemic outbreak. The

mechanism for seasonal spreading of influenza is not yet

fully understood, even though the recent H1N1 (2009)

pandemic boosted scientific publications. A study [9]

from 2008 suggests that new variants of influenza are

seeded into temperate regions from circulating viruses

in Asia.

International travel has been constantly increasing in

the past decades (World Tourism Organization, http://

www.unwto.org/facts/eng/historical.htm), and the under-

standing of influenza epidemiology in relation to travel

is therefore of growing importance. The purpose of this

review is to review articles in the field of influenza

in travellers among those published within the past

18 months.
orized reproduction of this article is prohibited.
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Prevalence in travellers

To assess the attack rate of travel-related influenza, most

studies have focused on case findings and diagnostics

after the trip is completed. The proportion of travel-

related influenza was estimated in 118 adult Spanish

travellers with fever 10 days before or after their return

from a tropical or subtropical area [10]. The average time

from onset to fever to consultation was 4.4 days. Naso-

pharyngeal swabs were collected within 10 days after

travel, and the study period was from August 2005 to

October 2006. In the whole group of febrile travellers,

influenza viruses (A and B) were found in 15% and all of

these patients had respiratory symptoms. Two of the

patients had been influenza vaccinated before travel;

one had travelled to Vietnam in August and the second

returned from South Africa. The findings indicate that

influenza viruses are common in travellers with respirat-

ory symptoms but the number of tested travellers was

rather small and information about the denominator of

febrile travellers with respiratory symptoms who con-

sulted the hospital during the study period is lacking.

Furthermore, nontravel-related influenza cannot be

excluded because no information is given about time

from return to symptoms in the patients with influenza.

In a Swedish multicenter study [11�] of 1432 febrile

travellers from malaria-endemic areas conducted from

2005 to 2008, 383 of the patients agreed to be tested

for influenza with paired serology. In this group, influenza

was diagnosed in 9%, and four patients reported previous

vaccination. In the group of patients with the diagnosis of

unknown fever without other symptoms (n¼ 115), the

most common diagnosis by additional serology was influ-

enza (10%). Seventy per cent of the influenza patients fell

ill before or within 1–2 days after return to Sweden,

indicating that these were indeed travel-related cases.

Twenty-five per cent of the influenza patients fell ill after

returning from a trip well outside the influenza season of

the northern hemisphere. A major drawback in this study

is that an influenza infection occurring between serum 1

and serum 2 cannot be fully excluded; hence, nontravel-

related cases can have been included.

Influenza incidence in travellers to international mass

gatherings is of special importance considering the

possible mixing of different variants and potential

mutations. The annual Hajj in Saudi Arabia constitutes

one of the world’s biggest mass events with approxi-

mately two million participants. In 538 pilgrims returning

to the UK from the Hajj 2005 and 2006, the prevalence of

influenza was examined in the group at high risk for

influenza (e.g. age >65 years and chronic disorders) or

‘not at risk’ [12]. In the group of at-risk pilgrims, 5% had

influenza in the vaccinated group compared with 14%

in the unvaccinated group but the difference was not
opyright © Lippincott Williams & Wilkins. Unautho
statistically significant. The corresponding figures in the

‘not-at-risk group’ were 10 and 11%. During the Hajj

2006, pilgrims with upper respiratory tract symptoms

were recruited to perform nasal swabs at a temporarily

established clinic in Mecca [13]. Out of 260 pilgrims (150

from the UK, 110 from Saudi Arabia), 10% had verified

influenza infection. All the UK pilgrims presented symp-

toms more than 7 days after arriving to Hajj, and the Saudi

pilgrims had been there for 2–3 days. The rates of influ-

enza in the UK group were similar in the vaccinated and

the unvaccinated group. In the Saudi group, only 4%

were vaccinated.

Another study [14�] screened 255 Iranian pilgrims with

respiratory symptoms for influenza at the airport return-

ing home from Hajj 2006. In 25 patients (10%) influenza

was found in nasal-wash specimens. The difference in

prevalence between vaccinated and unvaccinated was

not significant. An additional pilgrim event took place

in Sydney, Australia in July 2008, with more than 200 000

participants at World Youth Day. An influenza outbreak

occurred during this event and epidemiological data as

well as respiratory samples were collected from 227

patients who sought medical care at established clinics

in Sydney [15�]. Laboratory confirmation of influenza

virus was performed in 100 patients (44%) and numerous

strains were identified, including oseltamivir-resistant

influenza A (H1N1). This study clearly shows the risk

of mass gatherings regarding travel-related influenza as a

potential for spreading new variants.

Influenza A (H1N1) pandemic 2009

A new influenza A variant (H1N1) has spread globally

since April 2009. This pandemic has clearly demon-

strated the importance of modern and frequent travel

habits [16–19]. A parallel benefit is more research efforts

into the epidemiology and transmission routes of influ-

enza. An early report from Sweden highlighted the diffi-

culty in discriminating H1N1 cases from other viral

infections in returning sick travellers with a clinical

and epidemiological definition of suspected H1N1

[20]. The analysis revealed other respiratory viruses in

60% of the cases. In the beginning of the pandemic, there

was also an uncertainty about the potential transmission

possibility of the new variant of influenza. A thoroughly

described outbreak of influenza A (H1N1) among tour

group members in China in June 2009 was published in

October 2009 [21�]. Epidemiological data showed that

droplets, rather than airborne transmission, caused the

outbreak. In order to evaluate the differences in the

recommended duration of home isolation of H1N1 cases,

a Canadian study group [22�] did an estimation of the

proportion of pandemic (H1N1) 2009-infected persons

shedding virus 1 week after illness onset. Of 43 persons

with PCR-confirmed diagnosis, 74% remained PCR-

positive on day 8 and 19% remained culture-positive.
rized reproduction of this article is prohibited.



C

Influenza in travellers Askling and Rombo 423
Avian influenza (H5N1)

Avian influenza due to influenza A/H5N1 joins a list of

emerging pathogens as a potential global threat. As of

May 2010, H5N1 has been documented and reported to

WHO in 494 patients in 15 countries, including 294

deaths. Three countries (Indonesia, Vietnam, and Egypt)

account for 79% of the cases. There is no documentation

on travel-related cases other than a study [23] in which

all tested travellers were negative for H5N1. The pro-

bability that a traveller, who avoids contact with live

poultry in the affected countries, should contract

H5N1 is very low, given the limited risk of person-to-

person transmission [24].
During travel
The rapid spread of influenza when using air transpor-

tation is indisputable. The question remains how fast the

transmission occurs and what, if anything, can be done to

slow it down. In a letter, Khan et al. [19] correlated

international air traffic volume with the rate of importa-

tion of H1N1 infections in the early pandemic phase.

They found a threshold of number of travellers coming

from Mexico that correlated well with the number of

imported infections [19]. To evaluate the possibility of

within-flight transmission of H1N1, a model study [25]

was conducted to calculate concentrations of infectious

droplets of H1N1 in a transatlantic airliner with four

cabins. As expected, the results showed that the longer

the flight the greater the potential number of infections.

Even during long flights, however, H1N1 poses a low-to-

moderate within-flight transmission risk if the index case

travels first class. The number of potential infections also

depends on how many passengers the aircraft carries;

partial-loaded economy class reduces transmission better

than full-loaded first class. WHO’s definition of consider-

able exposure to influenza in an airplane is to sit in the

same row or within two rows of an infectious person for a

flight time of more than 8 h (WHO technical advice,

http://www.who.int/ihr/travel/A(H1N1)_air_transport_

guidance). In the study [18] from Singapore in which

travel data were collected for the first 116 patients with

H1NI infection, 25% of the patients were ill before travel

and boarded their flight despite symptoms and 15%

became ill while travelling.
Prevention
In 514 Swedish travellers returning from malaria-ende-

mic countries with fever in 2005–2008, pretravel seasonal

influenza vaccination was reported by 12% of the patients

[11�]. During the influenza outbreak at the World Youth

Day in Australia, July 2008, recent influenza vaccination

was infrequent regarding both hemispheres (southern

12.0%, northern 27.9%) [15�]. At the Hajj, influenza

vaccination was reported by 37% of the UK pilgrims in
opyright © Lippincott Williams & Wilkins. Unauth
2006 [13]. In another study [12], by the same group, 50%

of the Hajj pilgrims defined as belonging to a high-risk

group for influenza had been vaccinated compared with

20% of those not at high risk. Eighty-five per cent of the

Iranian pilgrims had received inactivated influenza

vaccine before Hajj 2006 [14�].

Which vaccine to use?

Considering that there were no significant differences in

influenza prevalence between vaccinated and unvacci-

nated pilgrims in the quoted studies above, the efficacy of

the given vaccine to prevent disease can be questioned,

even though the sample sizes were small. A weakened

immune response to vaccine could have been due to

older age, medical immunosuppression as well as waning

immunity due to long interval between vaccination and

travel. A more important factor is probably that the

influenza season in temperate climates extends from

October through March in the northern hemisphere

and from April to September in the southern hemisphere,

with the possibility of mismatch between vaccine and

circulating strains at mass gatherings like the Hajj. In a

study [26] from Hajj 2004, it was shown that the dominant

circulating influenza strain was different from the corre-

sponding vaccine strain. In travellers to the opposite

hemisphere, a recent seasonal influenza vaccination

might provide limited protection against disease. There

is no available information regarding the potential

benefits of revaccination with the seasonal influenza

vaccine after 6 months, when going to the opposite hemi-

sphere. This option can also be difficult when it comes to

storage and expiry dates of influenza vaccines. Influenza

vaccine from both hemispheres should ideally be avail-

able for travellers. In 2006, the International Society of

Travel Medicine performed an electronically mailed

survey to 1251 members in the United States on use

of southern hemisphere vaccine to travellers [27]. The

response rate was low (12.5%), but 82% stated they would

be interested in having southern hemisphere vaccine

available.

Other measures to prevent influenza in travellers

Travel-related influenza can obviously be best prevented

by stopping travelling. The recent experience with travel

restrictions during the pandemic challenges this statement

as does the following quotation from the WHO-general

Margaret Chan on 2 July 2009 concerning the travel

restrictions due to the influenza A (H1N1) 2009 pandemic:

‘They do not protect the public. They do not contain the

outbreak. And they do not prevent further international

spread’. In a model study [28�], results show that even

small islands could not rely on travel restrictions alone to

avoid outbreak of the pandemic influenza. On the contrary,

WHO, together with the Saudi Arabian Ministry of Health,

suggested that the population groups at highest risk of

complication of influenza should voluntarily abstain from
orized reproduction of this article is prohibited.
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the 2009 Hajj [29]. An investigation of 406 French pilgrims

revealed that 49.5% had at least one risk factor for com-

plications of influenza A (H1N1), and in reality this group

of pilgrims were unlikely to adhere to the recommen-

dations quoted above [30,31]. Also, we fully agree with

Khan et al. [32�] that international effort is probably needed

to assist resource-limited countries when it comes to Hajj

influenza vaccination, to limit the effect of H1N1 during

next season. A retrospective Finnish study [33] about the

willingness to take health risk on holidays during ongoing

H5N1 outbreak revealed that younger and holiday travel-

lers were more willing to take health risks than older and

business travellers.

Official recommendations

In short, travellers are recommended to try to avoid

crowded, enclosed spaces, close contact with indivi-

duals with respiratory infections, and to wash their

hands frequently (http://ecdc.europa.eu/en/healthtopics/

H1N1/Pages/personal_protective_measures.aspx, http://

www.who.int/csr/disease/influenza/oseltamivir_faqs/en/

index.html#pandemic).

There is a consensus that there is no need to check all

arriving passengers for febrile diseases even when a

pandemic is at hand and that departure of passengers

with fever should be discouraged.

There are few recommendations on influenza vaccines

which aim at travellers. Travellers going on cruise ships

and travellers to major events are generally considered as

being at higher risk and therefore are recommended to be

vaccinated. In order to participate in the Hajj pilgrimage

in Saudi Arabia, vaccination is mandatory if available

(http://www.saudiembassy.net/services/hajj_require-

ments.aspx). Travellers going to the opposite hemisphere

outside the influenza seasons are encouraged to be vac-

cinated with a vaccine containing strains circulating at the

destination (http://www.who.int/ith/ITH2010chapter6).

In recommendations from Britain, healthy individuals

travelling to tropical and subtropical regions can consider

vaccination (http://www.nathnac.org/pro/factsheets/sea

sonalflu.htm#_Prevention). As the Centers for Disease

Control recommends uniform vaccination (http://

www.cdc.gov/media/pressrel/2010/r100224.htm), there

is no need for any specific recommendation to travellers.

In general, the use of antiviral drugs for prevention of

pandemic influenza or early therapy does not differ

between travellers and others. Prevention is not recom-

mended at all.
Conclusion
The spread of influenza by travellers still remains to be

further studied. Influenza should always be considered in
opyright © Lippincott Williams & Wilkins. Unautho
a febrile traveller with fever with or without respiratory

symptoms. Future studies on incidence of travel-related

influenza should consider the short incubation period for

a better estimate. Vaccine from the opposite hemisphere

should be available for pretravel practitioners, and influ-

enza vaccine studies could preferably focus on optimizing

the effect of the vaccine in the elderly and immunocom-

promised. Influenza vaccination should always be con-

sidered for travellers.
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