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Objective. To describe a 2010 outbreak of nine cases of measles in Australia possibly linked to an index case who travelled
on an international flight from South Africa while infectious.

Methods. Three Australian state health departments, Victoria, Queensland and New South Wales, were responsible for the
investigation and management of this outbreak, following Australian public health guidelines.

Results. An outbreak of measles occurred in Australia after an infectious case arrived on a 12-hour flight from
South Africa. Only one of four cases in the first generation exposed to the index case en route was sitting within the two rows
recommended for contact tracing in Australian and other guidelines. The remaining four cases in subsequent generations,
including two health care workers, were acquired in health care settings. Seven cases were young adults. Delays in
diagnosis and notification hampered disease control and contact tracing efforts.

Conclusion. Review of current contact tracing guidelines following in-flight exposure to an infectious measles case is
required. Alternative strategies could include expanding routine contact tracing beyond the two rows on either side of the
case’s row or expansion on a case-by-case basis depending on cabin layout and case and contact movements in flight.
Releasing information about the incident by press release or providing generic information to everyone on the flight using
e-mail or text messaging information obtained from the relevant airline, may also be worthy of consideration. Disease
importation, inadequately vaccinated young adults and health care-related transmission remain challenges for measles
control in an elimination era.

easles has been eliminated from Australia® due

to high rates of immunity, now predominantly

vaccine-derived, in the population, with
most cases since 1999 either imported or linked to an
imported case.? Most imported measles cases arrive in
Australia by air, usually on long international flights, with
some cases infectious during flight. In-flight transmission
can lead to community-based outbreaks with susceptible
contacts at risk of serious complications from measles.

While any passenger or crew member could be
exposed before, during or after a flight (before arrival
at airport or during check-in, boarding, disembarkation,
baggage collection and other related processes),
considerable public health resources would be required
for individual follow-up of all passengers on a flight.

Australian guidelines take a risk-based approach in
recommending contact tracing of passengers in the same
row and two rows on either side of a laboratory-confirmed
case who is infectious during a flight of any duration. The
Australian guidelines justify limiting contact tracing by
citing questionable public health value of follow-up given
the high levels of population immunity; few published
reports of in-flight transmission; and air handling
mechanisms, including high-efficiency particulate air
filters and limited longitudinal air circulation, which
minimize transmission risk.*

European guidelines recommend that contact
tracing for exposure to confirmed measles cases should
be considered if the flight occurred within the previous
five days but may also be considered outside five days
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by countries where measles elimination is achieved or
within reach to limit further spread.® They recommend
that all passengers and crew be considered for contact
tracing, commencing with children below two years of
age and passengers seated in the same row as the index
case, proceeding outwards row by row for as long as
it is possible to carry out post-exposure prophylaxis or
containment measures.>

The US Centers for Disease Control and Prevention
(CDC) protocol recommends contact tracing of
passengers in the same row and two rows on either side
of a laboratory-confirmed case, along with any ‘babes
in arms’ and flight crew from the same cabin (personal
communication: K Marienau, CDC, 22 April 2011).

In-flight transmission of measles has been reported
but it has generally been accepted, based on published
reports>®28 and reviews,>'? that the risk to other
passengers and crew is low. The effectiveness of contact
tracing for exposure to measles on aircraft has been
questioned.!!

In this paper we describe a 2010 outbreak of
measles in Australia possibly linked to an index case
who travelled on an international flight from South Africa
while infectious.

METHODS

Case definition

Measles is a nationally notifiable disease in Australia.
The case definition for notification requires laboratory
definitive evidence of measles (either virus isolation,
nucleic acid or antigen detection or serological evidence
of recent infection in the absence of recent vaccination);
or a combination of clinical and epidemiological
evidence.!?

Outbreak investigation and response

In the elimination era, measles cases and clusters are
treated as an urgent public health priority in Australia.
Detailed national guidelines are available for public health
management of measles, including the use of vaccine
and normal human immunoglobulin prophylaxis.**3

Three Australian state health departments, Victoria,
Queensland and New South Wales, were responsible

for the investigation and management of the 2010
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outbreak, including interviewing cases and contacts and
providing advice about prophylaxis where appropriate.
The Australian health department obtained flight
manifests for the international flight from the relevant
airline and incoming international passenger details from
the Australian immigration department and distributed
these to state health departments. The Communicable
Diseases Network of Australia (CDNA)* provided advice
on contact tracing.

Laboratory analyses

Enzyme-linked immunosorbent serological assay testing
of serum specimens for measles IgM and 1gG were
undertaken by local diagnostic laboratories.

Polymerase chain reaction (PCR) testing and
genotyping were conducted by Queensland Health
Forensic and Scientific Services (QHFSS) and Victorian
Infectious Diseases Reference Laboratory (VIDRL).
Genotyping involves the amplification of part of the
N (nucleocapsid) gene, and genotype classification is
based on nucleic acid sequencing of the PCR products.®

RESULTS

The index case (case 1) in this outbreak was an
11-year-old refugee from Malawi (Figure 1), a region
experiencing a known measles epidemic.'® She had onset
of prodromal symptoms on 1 August 2010 and flew from
Malawi to South Africa on 2 August 2010 then on to
Australia the same day (Table 1). She arrived in Australia
on 3 August 2010. She was hospitalized in Victoria the
following day due to otitis media and poor oral intake.
Formal notification to the Victorian Department of Health
was delayed. While initial laboratory results showed a
positive measles IgM, treating physicians considered
this to be due to documented measles vaccination in
a refugee camp in Malawi five days before departure
(Table 2). A throat swab was forwarded to VIDRL
who notified the Victorian Department of Health on
6 August of a positive PCR result, but at this time the case,
still without a visible rash, was assumed to be vaccine
related. However, on 16 August 2010, VIDRL notified
the Victorian Department of Health that genotyping
confirmed the infection to be due to genotype B3
wild-type measles virus.

Case 2, a 25-year-old Australian resident who

had been on the same international flight as the index
case, was notified to the Victorian Department of Health
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Figure 1. Chain of transmission by date of onset, measles outbreak, July to September 2010, cases numbered in
order of notification
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Table 1. Summary details of individual linked measles cases, July to September 2010, cases numbered in order
of notification

Epidemiological link

Case Age Onset date talizati Row &  Vaccination ) ¢
no (years) Sex (2010) Ho;plta |z_at|on st_atus seat no status Resident o
’ Method of diagnosis and virus genotype '
1 11 F 1 August Index case, flight from South Africa on 2 August 47E 1 dose 5 days -
(index Hospitalized — otitis media and poor oral intake before flight to
case) PCR, genotype B3 Australia
2 25 M 10 August Same flight as index case 51E 0 documented Australia
Hospitalized — confluent rash and deranged doses
liver function tests
PCR, genotype B3
3 36 M 15 August Same flight as index case 48H 0 documented Australia
Not hospitalized doses
PCR, genotype B3
4 29 M 13 August Same flight as index case 64) 0Odocumented  United Kingdom
Hospitalized doses
PCR, genotype B3
5 32 F 27 August Hospital staff member, provided care - 0 documented Australia
to case 6 doses
Not hospitalized
PCR, genotype B3
6 38 F 10 August Same flight as index case, link not initially 50D 0 documented Australia
recognized doses
Hospitalized — confluent rash and urticaria
PCR, genotype B3
7 42 F 2 September  Hospital staff member, in hospital emergency - 0 documented Australia
department at same time as case 6 doses
Hospitalized — pneumonitis
PCR, genotype B3
8 34 F 17 September At hospital emergency department same time - 0 documented Australia
as case 7 doses
Not hospitalized
Serological diagnosis only
9 62 M 17 September At general practice clinic same time as case 7 - 0 documented Australia

Not hospitalized
Serological diagnosis only

doses
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Table 2. Timeline of measles importation, possible in-flight transmission and community outbreak, Australia,
August to September 2010, cases numbered in order of notification

Date Event
28 July 2010 Documented MMR vaccination of index case (case 1), refugee camp, Malawi
1 August 2010 Onset of symptoms case 1
2 August 2010 Case 1 flies from Malawi to South Africa.
Case 1 departs South Africa on flight to Australia.
3 August 2010 Flight arrives Australia
4 August 2010 Case 1 hospitalized
6 August 2010 VIDRL* notifies PCR positive measles result (case 1) to Victorian Department of Health, assumed to be
vaccine related
16 August 2010 VIDRL* notifies confirmation of genotype B3 wild-type virus (case 1) to Victorian Department of Health
17 August 2010 Case 2 notified to Victorian Department of Health: on same flight four rows from index case
Contact tracing, including the flight according to local guidelines,* commenced
19 August 2010 Case 3 notified to Queensland Department of Health: 36-year-old on same flight as index case, one row
from index case
20 August 2010 Case 4 notified to Queensland Department of Health: 29-year-old United Kingdom resident on same flight as

3 September 2010

index case, initially thought to be seated one row from index case (later confirmed to be 16 rows away)

Emergency out-of-session Communicable Diseases Network of Australia teleconference convened to advise
on incident management recommends contact tracing be extended to passengers a further two rows
either side of the rows previously traced

Case 5 notified to Queensland Department of Health: 32-year-old staff member of Queensland hospital, no

history of overseas travel, no immediately apparent epidemiological link to outbreak; link subsequently

made to case 6

Case 6 notified to Queensland Department of Health, on same flight as index case, three rows from index
case, not picked up in contact tracing, hospitalized in Queensland hospital, delayed diagnosis, source of

infection for case 5
8 September 2010

Case 7 notified to Queensland Department of Health: 42-year-old staff member at the same Queensland

hospital as case 6, exposed to case 5 in emergency department

20 September 2010
department while infectious

22 September 2010
medical clinic while infectious

Case 8 notified to Queensland Department of Health: 34-year-old exposed to case 7 in emergency

Case 9 notified to Queensland Department of Health: 62-year-old exposed to case 7 in general practice

* Victorian Infectious Diseases Reference Laboratory

with PCR-confirmed measles on 17 August 2010.
He had developed symptoms on 10 August 2010 and
was hospitalized with a confluent rash and deranged
liver function tests (Table 1). It was considered possible
that acquisition could have occurred during the flight.
Contact tracing following Australian guidelines, using
flight manifests and information from the immigration
department, was commenced.*!3® The index case’s
row, two rows behind, and a single row in front (due to
adjacent toilets) were traced. Case 2 was seated four
rows from case 1 (Table 1, Figure 2).

Case 3, a 36-year-old Australian resident who
had been on the same international flight as the index
case, seated in an adjacent row (Table 1, Figure 2), was
identified through contact tracing by the Queensland
Department of Health . He had developed symptoms
on 15 August 2010 and was confirmed by PCR as
having measles on 19 August 2010. While infectious
he attended two general practice medical clinics and
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participated in a training workshop, prompting a large
contact tracing exercise involving domestic flights,
patients and staff from the general practice clinics and
approximately 150 attendees of the workshop. No case
of measles was identified in this case’s contacts.

Case 4, a 29-year-old United Kingdom resident
who had been on the same international flight as
the index case, was notified to the Queensland
Department of Health with PCR-confirmed measles on
20 August 2010. He had developed symptoms on
13 August 2010 and was hospitalized predominantly
due to lack of suitable accommodation for him to care
for himself. This case prompted another large contact
tracing exercise by the Queensland and New South
Wales state health departments. No case of measles was
identified in this case’s contacts. Case 4 was initially
thought to have been seated within one row of the
index case, but subsequently was found to have been
seated 16 rows away. Numerals in his seat number had
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Figure 2. Seating plan for international flight showing
confirmed measles cases
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been transposed in communications — row 46 not 64.
This second case of possible in-flight transmission
beyond the two row limit prompted an emergency
out-of-session CDNA teleconference on 20 August 2010
where it was recommended that contact tracing be
extended for a further two rows beyond those already
traced.

Case b, a 32-year-old health care worker from
a Queensland hospital with no history of recent
overseas travel, was notified to the Queensland
Department of Health with PCR-confirmed measles on
3 September 2010. She had developed symptoms
on 27 August 2010. While infectious she had visited
the hospital emergency department (ED) as a patient
and attended work (elsewhere in the hospital) on
two days. Contact tracing of exposed staff, patients and
visitors was commenced, along with a hospital measles
vaccination campaign in which approximately 500 staff
were vaccinated.

Further investigation identified that case 5

had contracted measles from a patient (case 6) she
had been exposed to in the hospital. Case 6 was a
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38-year-old who had been on the same international
flight as the index case, seated three rows away. She
was not identified in the second round of contact tracing
for the flight, as her details were not included in the
passenger information provided to the Queensland
Department of Health. She developed symptoms on
10 August 2010 but her diagnosis was delayed as she
had a confluent rash not recognized as measles for over
a week until identification of typical measles illness
in case b.

Through follow-up it was identified that three of the
four first generation cases (cases 2, 3 and 6) attended
the BMX World Championships held in Pietermaritzburg,
South Africa (27 July to 1 August): one competitor,
one organizer and one family member of a competitor.

Case 7, a 42-year-old health care worker at the
same hospital as case 5 with no history of overseas travel,
was notified to the Queensland Department of Health
with PCR-confirmed measles on 8 September 2010.
She had developed symptoms on 2 September 2010 and
was hospitalized with pneumonitis. Further investigation
showed that case 7 had been exposed to case 5 while
working in the hospital ED. While infectious, case 7
attended work on two days, requiring extensive contact
tracing of exposed ED patients, visitors and staff.

Case 8, a 34-year-old with no history of overseas
travel, was notified to the Queensland Department
of Health with serologically confirmed measles on
20 September 2010. She had developed symptoms on
17 September 2010. Further investigation showed that
she had been exposed to case 7 in the hospital ED.

Case 9, a 62-year-old with no history of overseas
travel, was notified to the Queensland Department
of Health with serologically confirmed measles on
22 September 2010. He had developed symptoms on
17 September 2010. Further investigation showed that
he had been exposed to case 7 in a general practice
medical clinic.

No further cases of measles linked to this outbreak
were identified.

The seven cases able to be genotyped (Table 1) had
wild measles virus genotype B3 with a 100% identical
N gene nucleotide sequence identified by QHFSS and
VIDRL.
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DISCUSSION

This outbreak involved nine measles cases: the index
case, who was infectious while on a 12-hour flight from
South Africa to Australia; four passengers on the same
flight; two health care workers exposed in a Queensland
hospital; and two members of the public exposed
in health care settings in Queensland. Five cases —
four infected in Australian health care settings — were
hospitalized and all seven cases able to be genotyped
had wild measles virus genotype B3 with identical
N gene nucleotide sequence.

The mean incubation period for measles is 10 days
(range: seven to 18 days, rarely up to 21 days).!” While
incubation periods for the four first generation cases
were within the range for in-flight infection, it is also
possible they could have been infected in South Africa
before the flight. Three of these four cases attended a
common event: the BMX World Championships. During
this outbreak investigation, we became aware of at
least 50 other Australians attending the BMX event and
that this group included members of the young adult,
at-risk birth cohorts in Australia.'®2! However there
were no other cases of measles in Australia linked to
this event. Identical genotype and nucleotide sequence
are not helpful in resolving the source of infection due
to epidemic transmission of measles genotype B3 in
South Africa since 2009.2223 Genotype B3 viruses with
an identical N gene nucleotide sequence to that identified
in this 2010 Australian outbreak (Health Protection
Agency Measles Nucleotide Surveillance database
reference number 12312) are known to have circulated
in South Africa in 2010.2* While it cannot be definitively
ascertained that in-flight transmission occurred in this
outbreak, given that it could not be reliably excluded,
public health action, including expanded contact tracing
of other passengers on the international flight, was
required.

Only one of the four first generation cases in this
outbreak was seated in the initial two row contact tracing
zone, with the other three seated three, four, and 16 rows
behind the index case. Case 3, seated one row from the
index case, was the only first generation case identified
through the two rounds of tracing of in-flight contacts.
Due to the delay in diagnosis of the index case, case 2
(seated four rows from the index case) was notified with
measles before contact tracing commenced. Case 6,
seated three rows from the index case, was not identified
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in the second round of contact tracing as her details were
not provided to the Queensland Department of Health.

Contact tracing of individuals seated two rows
on either side of an infectious case, as recommended
in Australian®* and American guidelines (personal
communication: K Marienau, CDC, 22 April 2011),
increasingly appears inconsistent with empiric findings
from this and other recent episodes of transmission.82%:26
The general approach in public health guidelines is
to follow up all people who have shared the same air
space as an infectious case for even relatively short
time periods, sometimes including exposures after the
case has left a room.*327 Aircraft passengers also have
multiple opportunities for exposure: for example, it seems
possible that case 4, seated 16 rows from the index case
could have been exposed while queuing for the toilets
(Figure 2), if not while boarding or disembarking.

Given this and other recent reports of in-flight
measles transmission,®2%2628 we recommend a
review of contact tracing guidelines for follow-up of
in-flight measles exposures. A recent report of in-flight
transmission from Australia and New Zealand, with
eight secondary cases linked to two sequential flights
taken by a group of three infectious co-travellers, also
required an expansion of contact tracing following the
identification of cases seated some distance from the
index cases.?® In another instance of transmission
associated with an international flight arriving in
Australia, the two first generation cases were seated
eight rows behind the index case.?®

Flight-related contact tracing is often hampered
by difficulties in obtaining comprehensive, accurate
and timely passenger information from airlines and
immigration departments. Airlines may be able to
identify children less than two years of age in the arms
of an adult, allowing contact tracing of this high risk
group as recommended in European® and American
guidelines (personal communication: K Marienau, CDC,
22 April 2011). Targeting other passengers at higher risk
of complications, such as pregnant women, the immune
compromised or unvaccinated, is usually difficult due to
lack of risk factor information.

Alternative contact tracing strategies that could be
considered include expanding routine contact tracing
beyond the two rows on either side of the case’s row
or considering expansion on a case-by-case basis

www.wpro.who.int/wpsar
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depending on factors such as length of flight, cabin layout
and reported (or likely) case and contact movements in
flight. Routinely releasing information by press release,
or providing information to everyone on the flight by
e-mail or text messaging, where such contact details
are available from the relevant airline, may also be
worthy of consideration. Initial contact could potentially
be conducted by the airline, directing passengers to
information on a dedicated web page or hotline.

Any change to in-flight contact tracing guidelines
should be informed by analysis of the individual and public
health risks, public health resource costs involved and
the potential benefits. Broader follow-up of passengers
could be a more efficient and effective use of resources
if the greater up-front commitment of public health
resources is outweighed by the benefits of preventing
community and health care setting transmission. Even
small measles outbreaks can result in severe disease and
generate an enormous burden in terms of public health
response. Adoption of an alternative contact tracing
strategy should ideally be accompanied by collection of
data to evaluate effectiveness, costs and benefits.

With the increasing rarity of measles cases
comes delayed diagnosis. The index case in this
outbreak was not diagnosed as wild type measles until
12 days after presenting to health services in Australia,
despite the suggestive laboratory findings and clinical
and epidemiological circumstances, due primarily
to a history of recent measles vaccination. This led
to delays in notification and public health response.
Case 6 was also not diagnosed as measles on her
admission to hospital and was only retrospectively
identified on investigation of case 5. This missed
diagnosis represents another potential point at which
cases b, 7, 8, and 9, and their associated public health
workload, could have been prevented.

High levels of vaccination and herd immunity are the
keys to achieving and maintaining measles elimination.2?
However, given that most cases in Australia and other
countries where measles elimination has been achieved
are imported or linked to imported cases, a greater focus
on vaccination before travel to countries with endemic or
epidemic disease transmission may be of benefit. Of the
seven cases in Australian residents in this 2010 outbreak,
three were returned travellers aged 25 to 38 years,
two were health care workers aged 32 and 42 years,
and one was a 34-year-old exposed in a hospital ED.

www.wpro.who.int/wpsar
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None had a documented history of vaccination. Only
case 9 would have been considered immune, and not
in need of measles vaccination, by virtue of his age
(62 years old). A cohort of young adults in Australia, born
approximately between 1968 and 1981, are known,
through empiric outbreak evidence!®2! and serosurvey
findings,®2% to be disproportionately susceptible to
measles infection. Planning an intervention aimed at
this broad age group is troublesome. It needs to reach
individuals who use health care services less frequently
thereby avoiding opportunistic vaccination, who are
frequent travellers to regions with endemically circulating
measles virus! and who make up a large proportion of
health care staff. Knowledge of this immunity gap led the
Australian Government to fund a young adult measles
vaccination campaign in 2000, providing free vaccine
for 18- to 30-year-olds,3° but based on pre and post
serosurvey data, uptake was poor.3! Given the failure of
this general programme, specifically targeting travellers
and health care workers may be more efficient. The large
number of health care workers requiring vaccination in this
outbreak is likely to be representative of lower than ideal
levels of immunity in health care workers more generally.
Queensland Department of Health policy recommends
screening of health care workers at commencement of
employment for a range of vaccine preventable diseases.
However, only hepatitis B vaccination is a condition of
employment. Two doses of measles-mumps-rubella
vaccine are recommended for workers born during or
since 1966 unless there is documented evidence of
two previous doses of a measles-containing vaccine or
serological immunity.3?> Immune status for measles and
other relevant conditions is captured in a state-wide
database where vaccination occurs or documentation of
immunity is provided.

Measles appears to be resurgent in many parts
of the world. It is likely that even in countries such
as Australia, where elimination has been achieved,
measles importations and subsequent community and
health care outbreaks will require increasing public
health resources to manage. In this context, this
outbreak report provides us with a new lesson and many
reminders. Current proximity-based in-flight contact
tracing guidelines require review, with consideration
of whether other strategies for reducing subsequent
measles transmission are warranted. It is of concern that
Australian health care facilities and young adult health
care workers figure prominently in this and other recent
measles outbreaks.333* Timely and adequate control of
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transmission in health care settings has the potential
to dramatically reduce case numbers in a susceptible
age group and the associated public health outbreak
management burden. This will require greater attention
to two areas which have previously proved challenging
in Australia: maximizing immunity in health care workers
through workplace immunization programmes and
reducing the likelihood of delayed measles diagnosis —
which often results in suboptimal infection control — in
an era when measles cases are relatively rare.
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