
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Clinical Virology 67 (2015) 8–13

Contents lists available at ScienceDirect

Journal of Clinical Virology

journa l homepage: www.e lsev ier .com/ locate / j cv

Respiratory viruses in airline travellers with influenza symptoms:
Results of an airport screening study

Lance C. Jenningsa,∗, Patricia C. Priestb, Rebecca A. Psutkab,1, Alasdair R. Duncanc,
Trevor Andersond, Patalee Mahagamasekerad, Andrew Strathdeed, Michael G. Bakere

a Virology Section, Canterbury Health Laboratories, and Pathology Department, University of Otago, Christchurch 8011, New Zealand
b Department of Preventive and Social Medicine, University of Otago, Dunedin 9054, New Zealand
c Planning and Funding, Canterbury District Health, Christchurch 8011, New Zealand
d Virology Section, Canterbury Health Laboratories, Christchurch 8011, New Zealand
e Department of Public Health, University of Otago, Wellington 6242, New Zealand

a r t i c l e i n f o

Article history:
Received 2 December 2014
Received in revised form 8 March 2015
Accepted 12 March 2015

Keywords:
Respiratory viruses
Screening
Rhinovirus
Enterovirus
Influenza

a b s t r a c t

Background: There is very little known about the prevalence and distribution of respiratory viruses, other
than influenza, in international air travellers and whether symptom screening would aid in the prediction
of which travellers are more likely to be infected with specific respiratory viruses.
Objectives: In this study, we investigate whether, the use of a respiratory symptom screening tool at the
border would aid in predicting which travellers are more likely to be infected with specific respiratory
viruses.
Study design: Data were collected from travellers arriving at Christchurch International Airport, New
Zealand, during the winter 2008, via a symptom questionnaire, temperature testing, and respiratory
sampling.
Results: Respiratory viruses were detected in 342 (26.0%) of 1313 samples obtained from 2714 symp-
tomatic travellers. The most frequently identified viruses were rhinoviruses (128), enteroviruses (77)
and influenza B (48). The most frequently reported symptoms were stuffy or runny nose (60%), cough
(47%), sore throat (27%) and sneezing (24%). Influenza B infections were associated with the highest num-
ber of symptoms (mean of 3.4) followed by rhinoviruses (mean of 2.2) and enteroviruses (mean of 1.9).
The positive predictive value (PPV) of any symptom for any respiratory virus infection was low at 26%.
Conclusions: The high prevalence of respiratory virus infections caused by viruses other than influenza
in this study, many with overlapping symptotology to influenza, has important implications for any
screening strategies for the prediction of influenza in airline travellers.

© 2015 Elsevier B.V. All rights reserved.

1 Background

There is very little known about the prevalence and distribution
of common respiratory viruses in air travellers.

The dissemination of novel human respiratory viruses by air
travellers is well established. The introduction of SARS into Vietnam
occurred by a businessman travelling by air from China through
Hong Kong SAR [1]. Subsequent dissemination from Hong Kong
to Singapore, Beijing, Germany, Canada and other countries by air
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travellers led to outbreaks of infection occurring [2,3]. Since, the
first cases of MERS-CoV were reported in September 2012, lim-
ited transmission to European and other countries has occurred by
international travelers returning from the Middle East [4].

The rapid global spread of the novel influenza A(H1N1) pdm09
virus after first being detected in Southern California in late April
2009 was also likely to have been via air travellers [5]. The first
identification of the virus in New Zealand in April 2009 was in high
school students returning by air from Mexico [6]. Similarly, stud-
ies on international travelers arriving in Australia in May 2009 [7]
and on medical students returning to Spain in June 2009, demon-
strated outbreaks among the study group and their contacts [8].
While, these and previous reports documenting seasonal influenza
among air travelers [2,9–11] have focused primarily on the in-flight
transmission of influenza, clearly air travellers are responsible for
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Fig. 1. Organisation of traveller screening at the study airport.

the introduction of influenza viruses into countries on an ongoing
basis [12].

There are few reports of the dissemination of other respiratory
viruses by air travellers. A mixed outbreak of parainfluenza type
1 and influenza B viruses was reported among tourists returning
to the United States [13], while an investigation of travelers by
Follin et al. reported the identification of rhinovirus, coronavirus,
influenza A and B, parainfluenza virus, adenovirus, metapneu-
movirus and enterovirus in passengers with influenza-like illness
(ILI) [14]. With the emergence of the MERS-CoV, possible intro-
duction by Hajj pilgrims with a high rate of respiratory symptoms
returning to France have been investigated with no cases identified
[15].

In a 2008 study, we sought to assess the prevalence of influenza
infection in symptomatic and asymptomatic arriving international
airline travellers and whether using a symptom-screening ques-
tionnaire and temperature measurement could reliably predict
seasonal influenza infection [16]. We tested symptomatic travellers
for a range of other respiratory viruses and asked them to report
their symptoms.

2. Objectives

In this study, we describe the spectrum of symptoms associated
with infection with respiratory viruses in arriving airline travellers.
We ascertain whether, the use of symptom screening at the bor-
der would aid in predicting which travellers are more likely to be
infected with specific respiratory viruses.

3. Study design

This assessment of the prevalence of other respiratory virus
infections in arriving airline travellers was carried out at
Christchurch International Airport, New Zealand, from 23 June to
12 September 2008.

A questionnaire on basic demographics and symptoms was
distributed on board three airlines’ flights from Australia to
Christchurch, New Zealand [17].

3.1. Participants

All symptomatic travellers (defined as those reporting at least
one of cough, sore throat, sneezing, fever or chills, runny or blocked
nose, muscle aches or pains, feeling generally unwell, chest dis-
comfort or breathing difficulties) who completed the questionnaire

were identified as they arrived at the airport and went through
immigration (Fig. 1), and following informed consent, were asked
to provide a nose and throat swab and have their temperature
measured. This paper reports on specimen results from these symp-
tomatic travelers.

3.2. Respiratory specimens

All combined throat and nasal swab samples (Copan, Italy) were
analysed at Canterbury Health Laboratories, Christchurch, New
Zealand. Influenza A and B viruses were tested using a commer-
cial Easyplex® Multiplexed Tandem PCR (MT-PCR) as described by
the manufacturer (Easyplex® Influenza A + B kit, Cat No. 3005.01,
Ausdiagnostics, Sydney, Australia). The other respiratory viruses
were tested using a similar commercial MT-PCR system (Easyplex,
Respiratory Panel 12c, Cat No: 6062.1 AusDiagnostics, specifically
manufactured for the study). Picornaviruses were confirmed as
either rhinoviruses or enteroviruses using two in-house singleplex
PCR assays [18–20].

3.3. Statistical analysis

Data were entered into Microsoft Excel and all statistical tests
were conducted using Stata 11. Chi2 tests were used to identify
significant patterns in age or nationality by virus type. Influenza-
like illness was defined as a measured fever ≥37.8 ◦C and either a
cough or sore throat [21].

For each demographic characteristic and each symptom, the
prevalence of infection with each virus among participants with
that characteristic was calculated. This is equivalent to the positive
predictive value (PPV) of that characteristic for that virus.

For participants infected with each virus, the number and pro-
portion with each symptom and the mean number of symptoms
were calculated to illustrate the pattern of symptoms associated
with each virus.

Proportions and confidence intervals around means were calcu-
lated for groups with more than 10 participants.

4. Results

4.1. Study participants

Of 2714 symptomatic travellers, 49% agreed to provide a respi-
ratory sample, 1331 respiratory samples were obtained, of which
1313 were valid and able to be tested for respiratory viruses.
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Table 1
Characteristics of study population and infection statusa among 1313 symptomatic airline travellers from whom valid respiratory samples were obtained.
bThree people with a virus named above plus an “other” virus appear only in the named virus column.
cILI indicates patient had a temperature ≥37.8 ◦C plus cough or sore throat.

Totala

1313
No virus
detected
n = 969

Enterovirus
n = 77

Influenza A
n = 7

Influenza B
n = 48

Rhinovirus
n = 128

Picornavirus
n = 42

Other
virusesb

n = 42

Sex
Male 646 n (%) 466 (72) 39 (6) 3 (0) 26 (4) 71 (11) 22 (3) 19 (3)
Female 663 n (%) 501 (76) 37 (6) 4 (1) 21 (3) 57 (9) 20 (3) 23 (2)

Age
0–15 80 n (%) 52 (65) 5 (6) 0 (0) 8 (10) 9 (12) 4 (5) 3 (4)
15–24 260 n (%) 192 (74) 19 (7) 2 (1) 4 (2) 27 (10) 9 (3) 7 (3)
25–34 299 n (%) 213 (71) 17 (6) 2 (1) 6 (2) 35 (12) 13 (4) 13 (4)
35–44 167 n (%) 116 (69) 14 (9) 1 (1) 9 (5) 14 (9) 7 (4) 5 (3)
45–54 203 n (%) 163 (80) 8 (4) 2 (1) 11 (5) 13 (6) 2 (1) 4 (2)
55–64 163 n (%) 124 (76) 8 (5) 0 (0) 6 (4) 16 (9) 2 (1) 7 (4)
65–74 68 n (%) 51 (75) 3 (5) 0 (0) 2 (3) 9 (14) 3 (4) 0 (0)
75+ 19 n (%) 11 (58) 2 (11) 0 (0) 1 (6) 2 (11) 1 (6) 2 (11)

Nationality
Australian 550 n (%) 408 (74) 24 (4) 2 (0) 25 (5) 59 (11) 17 (3) 15 (3)
New Zealander 521 n (%) 393 (75) 31 (6) 4 (1) 18 (4) 45 (9) 15 (3) 15 (3)
British 83 n (%) 57 (68) 11 (13) 1 (1) 1 (1) 5 (6) 4 (5) 4 (5)
American 24 n (%) 17 (70) 2 (8) 0 (0) 0 (0) 4 (17) 0 (0) 1 (4)
Other 135 n (%) 94 (69) 9 (7) 0 (0) 4 (3) 15 (11) 6 (4) 7 (5)

Signs and symptoms
Temp ≥ 37.8 ◦C 14 n (%) 5 (36) 0 1 (7) 5 (36) 2 (14) 0 (0) 1 (7)
Cough 612 n (%) 432 (71) 27 (4) 5 (1) 41 (7) 68 (11) 17 (3) 22 (4)
Runny nose 786 n (%) 539 (69) 53 (7) 6 (1) 30 (4) 97 (12) 32 (4) 29 (4)
Sore throat 354 n (%) 238 (67) 24 (7) 2 (1) 25 (7) 46 (13) 6 (2) 13 (4)
Muscle aches 175 n (%) 136 (78) 10 (6) 1 (1) 8 (5) 11 (6) 2 (1) 7 (4)
Sneezing 309 n (%) 213 (69) 19 (6) 2 (1) 18 (6) 36 (12) 9 (3) 12 (4)
Feeling unwell 179 n (%) 122 (68) 8 (5) 2 (1) 17 (10) 16 (9) 7 (4) 7 (4)
Chest discomfort 111 n (%) 78 (70) 5 (5) 1 (1) 11 (10) 8 (7) 1 (1) 7 (6)
Fever (self-reported) 51 n (%) 29 (57) 3 (6) 2 (4) 11 (22) 4 (8) 0 (0) 2 (4)
ILIc 13 n (%) 4 (31) 0 (0) 1 (8) 5 (38) 2 (15) 0 (0) 1 (8)

aColumn numbers may not add to column total due to missing information.
bThree people with a virus named above plus an “other” virus appear only in the named virus column.
cILI indicates patient had a temperature ≥37.8 ◦C plus cough or sore throat.

Forty-nine percent of participants were male and 51% were female,
with an age range 0 to 85 years and median of 34 years. Most were
Australians (42%) or New Zealanders (40%), with some British (6%)
and American (2%) (Table 1).

4.2. Influenza and other respiratory viruses

Most study participants (971; 74%) had no detectable respi-
ratory virus. This ranged from 58% in those ≥75 years to 80%
in those aged 45–54. A respiratory virus was detected in 342
(26.0%) participants. Of these, influenza virus was detected in 55
(4%) and another respiratory virus in 287 (22%). The most fre-
quently detected respiratory viruses were: rhinovirus 128 (10%);
enterovirus 77 (6%); influenza type B 48 (4%); and picornavirus (not
able to be grouped as rhinovirus or enterovirus) 42 (3%). All other
viruses detected in fewer than 1% of participants included aden-
ovirus, Human bocavirus, Human coronavirus OC43, coronavirus
229E, Human metapneumovirus, influenza type A, parainfluenza
virus type 1, parainfluenza virus type 3, respiratory syncytial
virus A and B. (Table 1) Three individuals had co-infections; one
each with adenovirus/picornavirus, enterovirus/bocavirus, and RSV
A/picornavirus.

4.3. Symptoms

The range of symptoms reported and prevalence of respiratory
virus infection among participants with each symptom is shown
in Table 1, for the more common viruses. Although 51 (4%) par-
ticipants reported fever, only 14 (1%) had a measurable fever at

≥37.8 ◦C. The most frequently reported symptoms were stuffy or
runny nose (60%), cough (47%), sore throat (27%) and sneezing
(24%).

For individual symptoms, the proportion of symptomatic partic-
ipants who were infected with any respiratory virus was between
22% (muscle aches and pains) and 43% (self-reported fever).
Although based on small numbers, this proportion was higher for
measured temperature ≥ 37.8 ◦C (8/14, 57%), and ILI (8/13, 62%). Of
those with ILI, 5/13 (38%) were infected with influenza B (Table 1).

Table 2 shows the pattern of symptoms associated with each
identified respiratory virus (other than picornaviruses which could
not be confirmed as either an enterovirus or rhinovirus). Of the
viruses where there were at least 10 cases, influenza B was associ-
ated with the highest number of symptoms (mean of 3.4).

For study participants with enterovirus infection, the most com-
mon symptom was a stuffy or runny nose (69%). This was also the
most common symptom reported among those infected with rhi-
novirus (76%). As well, 52% of those with rhinovirus reported cough.
Those infected with influenza B most frequently reported cough
(85%), stuffy or runny nose (63%), and sore throat (52%). Only 10%
had a temperature of ≥37.8 ◦C and 23% reported “fever” subjec-
tively.

5. Discussion

In this study, during the winter of 2008, 1313 samples
were obtained from 2714 symptomatic travellers arriving into
Christchurch, New Zealand on flights from Australia, and tested
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for respiratory viruses. The most frequently identified viruses were
rhinoviruses followed by enteroviruses and influenza B viruses.

The respiratory symptoms reported by symptomatic travellers
during on board screening were diverse with a stuffy nose (60%),
cough (47%) and sore throat (27%) being the most common. An aim
of this study was to determine whether the use of symptom screen-
ing at the border would aid in predicting which travellers are more
likely to be infected with a respiratory virus. However, a respiratory
virus was detected in only 26.0% of these symptomatic participants
sampled, i.e., the positive predictive value (PPV) of ‘any symptom’
for the prediction of a traveller with infection by ‘any respiratory
virus’ was low at 26%.

In this group who had at least one symptom, for individual
symptoms associated with the most frequently identified viruses,
the PPV for any respiratory virus was low; stuffy nose (31%), cough
(29%) and sore throat (33%). ILI (>37.8 ◦C plus cough or sore throat)
had the highest PPV (69%); however, infections were largely with
influenza virus and the numbers were small. We have previously
estimated the prevalence of influenza in all travellers (symptomatic
and asymptomatic) during the ‘influenza season’ period of high
prevalence at 1.13% [22]. The PPV for influenza infection of ‘any
symptom’ was 5.5%, and of ILI was 24.7%. This study suggests that
the use of symptoms as indicators of other respiratory virus infec-
tion, as well as influenza infection, in travellers is problematic.

5.1. Strengths and limitations

The major strengths of this study are the novel study design
involving large numbers of arriving international airline travellers
and the relatively high proportion (49%) of symptomatic travellers
willing to provide respiratory samples for respiratory virus test-
ing [17]. Essentially, these were a random sample of passengers,
with a similar sex distribution and wide age distribution, although
the numbers of samples obtained from children 0 to 15 years and
elderly 75+ years was smaller than for all other age groups.

This is also one of the few studies where molecular techniques
have been applied to the detection of a range of 13 common respi-
ratory viruses in airline travellers. As culture was not performed on
these samples, we are unable to comment on the infectiousness of
these travellers and the potential transmissibility of their viruses
on entering a community.

A limitation of the study was the non-testing of asymptomatic
travellers which did not allow estimates of the prevalence of non-
influenza respiratory viruses to be made [22].

A further limitation was the recovery of a virus from only 26% of
the symptomatic travellers, which is lower than might be expected
from other studies of populations with respiratory infection symp-
toms. Few identifications of coronavirus or metapneumovirus were
made, an observation also made in a previously healthy adult pop-
ulation during the winter influenza season [23]. Coronaviruses
−NL63 and −HKU1 have been found to be present in higher num-
bers than coronavirus −229E or –OC43, however these viruses
were not tested for in this study [24]. We have also found that
there is variation in analytical agreement between molecular assays
and that the Easyplex assay used in this study may have had a
reduced sensitivity for the detection of both metapneumovirus and
bocavirus [20].

The collection of nasal and throat swabs rather than
nasopharyngeal swabs, although pooled together may have been
suboptimal, even though sensitive fully evaluated molecular tech-
niques were used in this study [20].

It is also likely that, the commonest reported symptom (stuffy
nose) might in some cases have been caused by the airline travel
itself rather than infection.

A wide range of viruses were detected, however, only three virus
types were detected in more than 10 travellers. Consequently, we
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could not draw conclusions on the association of symptoms with
the virus types identified other than for rhinoviruses, enteroviruses
and influenza viruses. Even in a study of 155 travellers meeting
a WHO case definition of suspected or probable SARS (fever plus
cough or difficulty breathing), a pathogen was only detected in
43.2% of cases [25]. Enrolment of a substantially larger number of
symptomatic but otherwise healthy travellers would be required
to identify any additional predictive potential of their symptoms.

5.2. Context of literature

The use of symptomatic predictors to identify which respira-
tory infections were caused by viral infections have largely focused
on influenza viruses in a number of surveillance and clinical study
settings. Symptomatic predictors were initially believed to be prob-
lematic because the symptoms of many illnesses were very similar.
Even though fever and cough were most frequently identified in
association with influenza infections, surveillance data were often
obtained over long periods with varying levels of influenza virus
activity, resulting in a low PPV for these symptoms for influenza
virus infection [26]. The use of antiviral trial data where subjects
were enrolled with ILI during the influenza season found that fever
(temperature ≥37 ◦C) and cough when used as predictors during
periods of influenza virus prevalence had a PPV of up to 79% in
adults [27][27]. In children ≥5 years, fever (temperature ≥38 ◦C)
and cough resulted in a PPV of 83% [26]. Interestingly, in adults it
was found there was little advantage of measuring other symptoms
[27]. The current study was carried out in a relatively low influenza
prevalence population (4% of symptomatic travellers) resulting in a
low influenza PPV for fever and ILI (fever and cough or sore throat).

The symptom profiles over the course of common colds, up to
50% of which are caused by rhinoviruses, have been well estab-
lished in otherwise healthy adults [28] and more recently in
school-children [29]. Common symptoms of rhinovirus infection
in children include a runny nose, nasal obstruction and cough, with
50% of children reporting these during the first 5 days of illness.
In adults, only a runny nose was reported in 50% of illnesses, per-
sisting through day 4, indicating that the symptom profiles differs
between children and adults, and over the course of the illness [29].
In our study, the most common symptoms recorded were a stuffy
or runny nose in 69% of travellers with an enterovirus infection
and 76% with a rhinovirus infection. As well, 52% of those with rhi-
novirus reported cough, which was the most frequently reported
symptom in those infected with influenza B (85%). These symptoms
were recorded at a single time point and the stage of the illness
after symptom onset of each illness was not recorded. Even with
rhinoviruses, the most prevalent virus detected in this study, the
symptoms generated are clearly shared by different viruses sug-
gesting that it is not possible to identify this virus on the basis of
symptoms.

5.3. Implications

There was a substantial overlap in the symptom profiles
between the respiratory viruses found in the study participants.
The mean number of symptoms reported by on board screening
was highest for those with influenza B (3.4; CI 2.7–4.0) followed
by rhinovirus (2.2; CI 2.0–2.5) and enterovirus (1.9; CI 1.6–2.3). It
is unlikely that, symptoms alone can be used to predict infections
with specific respiratory viruses.

In the meantime, we should continue to learn as much as possi-
ble about potential screening tools so that their potential role, and
strengths and weaknesses, are more fully understood.

6. Conclusions

The high prevalence of respiratory virus infections caused by
viruses other than influenza in this study, many with overlapping
symptoms to influenza, has important implications for any screen-
ing strategy for the prediction of influenza in airline travellers. On
the basis of clinical symptoms alone it will be very difficult to dis-
tinguish influenza from other common respiratory viral infections.
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