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On 14 April 2014, the first laboratory-confirmed case of
Middle East respiratory syndrome coronavirus (MERS-
CoV) infection was reported in Malaysia in a man in
his mid-fifties, who developed pneumonia with res-
piratory distress, after returning from a pilgrimage to
Saudi Arabia. The case succumbed to his illness three
days after admission at a local hospital. The follow-up
of 199 close contacts identified through contact trac-
ing and vigilant surveillance did not result in detecting
any other confirmed cases of MERS-CoV infection.

Here we report a laboratory-confirmed case of Middle
East respiratory syndrome (MERS-CoV) in a patient
returning to Malaysia from an Umrah pilgrimage in
Saudi Arabia.

Case report and travel history

Case report

On 9 April 2014, a man aged in his mid-fifties, on treat-
ment for diabetes, presented at the emergency depart-
ment of a public hospital in Malaysia with complaints
of cough, fever and shortness of breath. Clinical
investigation showed the patient to be afebrile with
a temperature of 36.7°C and radiographic evidence
of pneumonia. The next day, the patient was hospi-
talised, and because he had been travelling to Saudi
Arabia 13 days prior, he was managed in an isolation
room for suspected possible MERS-CoV infection. The
staff of the local hospital and caring for the patient
complied with infection prevention and control proce-
dures according to national guidelines [1]. The patient
was treated for a provisional diagnosis of community-
acquired pneumonia. As bacteriological (culture of
blood samples) investigation yielded negative results,
the patient was treated with oseltamivir. On 10 April
2014, due to worsening of his condition he was intu-
bated. However, the patient developed consecutive
multi-organ failure and his condition further deterio-
rated. On 13 April 2014, throat samples were taken and
he passed away on the same day.

Article submitted on 25 April 2014 / published on 08 May 2014

Laboratory investigation

Diagnosis of MERS-CoV was confirmed by polymer-
ase chain reaction (PCR) in the hospital laboratory on
14 April 2014. A real-time reverse-transcription PCR
(rRT-PCR) screening assay targeting upstream of the
envelope gene (UpE assay) and a rRT-PCR confirmatory
assay targeting the open reading frame (ORF)1a yielded
positive results. On 15 April 2014 sample was sent to
the Institute for Medical Research (IMR), Kuala Lumpur,
for sequencing of genes that code for the nucleocapsid
(N) and RNA-dependent RNA polymerase (RdRp) pro-
teins of the MERS-CoV [2].

Travel history

The travel history of the case was obtained from inter-
viewing a relative who travelled with him. The inter-
view was carried out using the standard questionnaire
recommended by the World Health Organization (WHO)
[3]. The case travelled to Saudi Arabia from 15 to 28
March 2014 to perform the Umrah pilgrimage with a
group of 17 fellow pilgrims. Following the Umrah rituals
on 26 March, he visited a camel farm in Saudi Arabia,
where he patted camels and consumed unpasteurised
camel milk sold by vendors at the farm. On 28 March,
the case and his travel group boarded a flight from
Jeddah, Saudi Arabia, to Istanbul, Turkey, and took
another connecting flight from Istanbul to Malaysia
where they arrived on 29 March 2014. The case was
well during his travel and went back to his village on
same day of arrival. The patient started feeling unwell
on 4 April 2014, and sought treatment in a private clinic
on 7 April 2014. At the private clinic he complained of
body aches and was given analgesics. A brief timeline
of the case’s travel, possible exposure to the virus,
healthcare contacts and diagnosis is detailed in the
Figure.

Background on Middle East respiratory
syndrome coronavirus

Coronaviruses are enveloped RNA viruses classified in
alpha, beta and gamma genera that can be found glob-
ally in birds, humans and other mammals [4]. MERS-CoV
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FIGURE

Timeline of possible exposure to Middle East respiratory syndrome coronavirus (MERS-CoV), travel, healthcare contacts and

diagnosis of a case of MERS-CoV, Malaysia, March-April 2014

Activity and possible exposure to Day
MERS-CoV during travel

[ Night flight to Istanbul, Turkey |

| Visited tourist spots in Istanbul, Turkey

| Left Istanbul and arrived at Medina, Saudi Arabia

| Visited mosque in Medina, Saudi Arabia I

Visited dates market, mosques and historical places in
Medina, Saudi Arabia

Left Medina and arrived in Mecca, Saudi Arabia

Performed Umrah ritualsl

Performed Umrah rituals and visited a camel farm,
patted animals and drank unpasteurised camel milk
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home country: Jeddah-Istanbul-Kuala Lumpur
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Activity after returning back to
Malaysia

Arrival in Kuala Lumpur, Malaysia

Symptom onset: Feeling unwell

Visited private practitioner complaining of body aches

Reported fever, cough and shortness of breath
at a public hospital emergency department

Admitted to hospital

Succumbed to illness |

Throat swab positive for MERS-CoV |




is a novel virus among the genus betacoronavirus [5].
The first case was identified in Saudi Arabia in June
2012, followed by another case from Qatar that was
treated in the United Kingdom. Subsequently, a hos-
pital cluster of pneumonia among healthcare workers
in Jordan was traced retrospectively to this virus [5,6].
As of 24 April 2014, 254 laboratory-confirmed cases of
MERS-CoV including 93 deaths, involving 12 countries,
have been notified to the WHO [7].

Most MERS-CoV cases have been reported from Saudi
Arabia, a country that hosts two important Muslim pil-
grimages, the Hajj and the Umrah.The Hajj occurs dur-
ing the month of Dhulhijjah that is the twelfth month
of the Islamic Hijri calendar year. Any adult Muslim of
a sane mind, able body and with means to bear the
expenses must perform Hajj once in his/her lifetime.
Hajj is not obligatory for children, the sick, and those
who cannot bear the costs. The Umrah pilgrimage is
a non-mandatory lesser pilgrimage made by Muslims
to Mecca, which may be performed at any time of the
year.

Ministry of Health, Malaysia: preparedness
and response for Middle East respiratory
syndrome coronavirus

Due to the large number of visitors to Saudi Arabia
from Muslim countries around the world, in the con-
text of the Hajj and the Umrah, such countries are
potentially at risk for MERS-CoV importation. Malaysia
contributes approximately 22,000 to 23,000 pilgrims
annually to the Hajj and this figure may vary accord-
ing to the quota given by the Saudi Arabian govern-
ment. Bumiputera Travel and Tour Agents Association
of Malaysia (BUMITRA) reported that Malaysia also has
an annual average of 200,000 Umrah pilgrims.

The Ministry of Health (MoH) in Malaysia works closely
with BUMITRA for the Umrah pilgrims. Tour agen-
cies organise a pre-departure talk for Umrah pilgrims
including information on MERS-CoV, advice for prepa-
ration before the pilgrimage, in particular prevention
and control measures to be taken during and after the
pilgrimage. For Hajj pilgrims, MoH works with the Hajj
Pilgrimage Fund Board, a government agency dedi-
cated to providing lectures, medical examinations and
vaccines to the Hajj pilgrims. During the Hajj period,
medical teams are sent to Saudi Arabia and will remain
there for the entire Hajj period to take care of the medi-
cal needs of Malaysia’s Hajj pilgrims. In 2013, the medi-
cal teams consisted of a total of 250 medical personnel
and these were coordinated by MoH through the Hajj
Pilgrimage Fund Board.

Since 2013, MoH has distributed health alert cards to
travellers including pilgrims and flight crews returning
from Middle East countries. Those with mild respira-
tory symptoms are also given a home assessment tool,
consisting of information such as sign and symptoms
of MERS-CoV infection, when to seek medical care and

simple steps on how to avoid transmission of illness to
others.

In Malaysia, any person who presents with fever
(defined as body temperature =38°C), cough and
breathing difficulty and has travelled or returned from
Middle East countries within the past 14 days before
symptom onset is advised to seek immediate care from
the nearest healthcare facilities. In these facilities per-
sons are clinically screened and if they fulfil the criteria
for patient under investigation (PUI) for MERS-CoV as
defined by WHO [8], they are referred to a hospital for
further investigation. At the hospital, these patients
receive treatment and samples are taken in order to
test for MERS-CoV infection.

Guidance for management of PUI, probable and con-
firmed MERS-CoV cases as defined by WHO [8] has
been disseminated to all the Malaysian healthcare
community, including private practitioners [9]. The
guidance emphasised the importance of strict infection
prevention and control measures among healthcare
workers and continuously monitoring their implemen-
tation. Simulation exercises were conducted to test:
(i) the preparedness to detect PUI MERS-CoV cases
and further management; (ii) laboratory capacities
and capabilities; (iii) infection control procedures at
all levels; and (iv) risk communication of various MoH
facilities.

Additional means to detect cases of MERS-CoV infec-
tion are the surveillance systems for respiratory infec-
tions already in place, such as the Malaysia Influenza
Surveillance System (MISS) operating since September
2003 [10]. The surveillance of influenza-like illness (ILI)
and severe acute respiratory infection (sARI) involves
nationwide sentinel sites and assists in detecting any
unusual trends associated with respiratory infections.

Notification of MERS-CoV was made compulsory for any
PUI MERS-CoV to the national Crisis Preparedness and
Response Centre (CPRC) on 1 November 2012. As of 9
April 2014, before the laboratory-confirmed MERS-CoV
case reported here, the MoH received a total of 507 PUI
MERS-CoV notifications and all test results for MERS-
CoV were negative.

In addition to the IMR and the National Public Health
Laboratory, 12 of 15 government provincial hospital
laboratories and one regional Public Health Laboratory
have the capacity and capability to detect and confirm
MERS-CoV infection. This is further supported by the
availability of private and university laboratories that
can provide similar services. There has been no change
to the existing case detection algorithm or laboratory
assays that would have increased the probability of
detecting the first case.

Contact tracing and control measures

As soon as MERS-CoV infection was confirmed in the
patient reported here, contact tracing was done. Close
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TABLE

Close contacts of a case of Middle East respiratory syndrome coronavirus (MERS-CoV), Malaysia, March-April 2014

(n=199)

Type of close contact

Symptomatic and
tested for MERS-CoV

Total (n=199)

(n=79)

Family members? 38 29
Healthcare workers 56 11
Person in the same pilgrim group as the case® 17 17
Community members 67 13
Passengers on the same flight as the case occupyi‘ng a seat located either within.two rows in 15 3
the front and back, or lateral to the case in both flights taken to return to Malaysia®

Passengers on board both flights who called CPRC? 6 6

CPCR: Malaysian national Crisis Preparedness and Response Centre.

Close contacts presenting with any symptoms in a period of 14 days after their last contact with the case were tested for MERS-CoV, while
close contacts who remained asymptomatic during this period were not tested.

2 Excluding one family member who was in the same pilgrim group as the case.
® Including nine passengers on the same flights as the case who were sitting within two rows in the front and in the back of the case, or whose

seat was lateral to the case.

¢These 15 passengers were not part of the same pilgrim group as the case and consisted of 12 Malaysians and three foreigners.
4 Passengers on the same flights, who were from a different pilgrim group and not seated lateral to the case or within two rows back or front

of the case, but who called CPRC due to symptoms.

contacts consisted of family members, community
members (including friends), members from the same
pilgrim group, and healthcare workers who had con-
tact with the case. Fellow passengers sitting within
two rows in the front and back or seated lateral to the
case on both return flights to Malaysia were also con-
sidered close contacts. Samples were also taken from
some of the symptomatic passengers who were also on
board the same flights as the case and had contacted
CPRC. Samples were taken as these individuals could
have had contact at any time while boarding or while in
transit in Istanbul.

A total of 199 close contacts were identified and placed
on surveillance for 14 days starting from the last day of
contact with the case. Throat swab samples were taken
from 79 of them who were symptomatic. Samples were
taken only once. Results from the samples taken were
negative. Close contacts who were asymptomatic were
given home assessment tools and those who remained
asymptomatic were not tested. Among the 199 close
contacts, 24 consisted of the passengers on board the
same flights, who were sitting within two rows in the
front, the back or lateral to the case and another six
who had contacted CPRC due to symptoms. Twenty-one
of these 24 passengers were from Malaysia and were
contacted by the Malaysian health department.

It was quite difficult to reach the remaining three close
contact passengers, who were not from Malaysia.
We noticed that as not all airlines have the details of
passengers, this is a limitation for contact tracing of
passengers. However, MoH has managed to get the
contact details of the three passengers and is currently
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in the process of contacting them. MoH also published
press statements in local newspapers advising passen-
gers of both flights to contact the CPRC. Details on the
type of close contacts and number of samples taken
are given in Table.

As this is the first MERS-CoV infection in Malaysia, the
community measures taken in the vicinity of the patient
were rather extensive. In addition to the activities car-
ried out by the MoH, a local member of the Parliament
took the initiative to advise the community from the
same village as the case to seek medical attention if
they became ill with respiratory symptoms. A local ser-
vice point of screening was set up and those manning
the service point provided information on MERS-CoV
infection to the villagers.

Strategic health communication represents a big part
of our efforts to increase the public awareness and
to overcome public anxiety. Official press statements
were released through the office of the Minister and
Director General of Health. Subsequently, there were
daily engagements with the public to provide regu-
lar updates through daily press statements, the MoH
website and social media (e.g. CPRC Facebook). The
public was educated on MERS-CoV, informed on MoH’s
preparedness and response and provided with travel
health advice through regular interviews or talk shows
on local television and radio stations.

Discussion and conclusion

The relative paucity of MERS-CoV cases to date is con-
sistent with the disease epidemiology, which over the
last two years accounts for approximatively 250 cases



in 10 countries and the majority of cases in Saudi
Arabia. Cases outside the Middle East are mostly
imported cases and mainly healthcare workers tending
for the cases and family members, i.e. very close con-
tacts, become secondary cases. Muslim countries spe-
cifically are at risk of importation of the virus, because
a large number of visitors to Saudi Arabia come from
these countries. As such, it appears inevitable that
Malaysia will detect imported cases over time.That we
managed to detect our first case in Asia is due to our
vigilant surveillance system.

Although our case had travelled to Saudi Arabia with
a group of 17 fellow pilgrims, none of them appear to
have been affected by MERS-CoV. To date, it is still
unclear how humans acquire MERS-CoV and what
kind of exposures represent a potential risk for get-
ting ill. As some other cases of MERS-CoV infection,
the case reported here had an underlying condition
[11]. Although limited human-to-human and nosoco-
mial transmission has been reported [12], he did not
have any contact with the local healthcare system dur-
ing his journey in Saudi Arabia. He was nevertheless
visiting the country at a time when a sharp increase in
MERS-CoV cases was occurring [13]. Some studies have
shown that camels on the Arabian Peninsula are fre-
quently infected with MERS-CoV [14,15] and high viral
loads found in camel nasal and conjunctival swabs sug-
gest possible zoonotic transmission by the respiratory
route [16]. It has also been reported that MERS-CoV can
survive in raw camel milk [17]. In light of this, the fact
that the case reported here was in close contact with
camels and drank unpasteurised camel milk may be of
relevance, although a clear route of transmission can-
not be established.

This incident has highlighted the importance of pre-
paredness and response mechanisms for early detec-
tion and prompt activation of prevention and control
measures. The areas, which we can improve are to
further educate Umrah pilgrims on the need for pre-
vention during the journey and the need to seek early
treatment at goverment clinics when they fall ill upon
returning home. Private clinics in Malaysia may not be
as vigilant on the criteria for screening of PUl and this
should be addressed. Would there be evidence for a
sustained human-to-human transmission in the future
and secondary cases, the MoH of Malaysia may con-
sider a need to quarantine close contacts.
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Factors that trigger human infection with animal influ-
enza virus progressing into a pandemic are poorly
understood. Within a project developing an evidence-
based risk assessment framework for influenza viruses
in animals, we conducted a review of the literature for
evidence of human infection with animal influenza
viruses by diagnostic methods used. The review cov-
ering Medline, Embase, SciSearch and CabAbstracts
yielded 6,955 articles, of which we retained 89; for
influenza A(HsN1) and A(H7Ng), the official case
counts of t he World Health Organization were
used. An additional 30 studies were included by scan-
ning the reference lists. Here, we present the findings
for confirmed infections with virological evidence. We
found reports of 1,419 naturally infected human cases,
of which 648 were associated with avian influenza
virus (AIV) A(Hs5N1), 375 with other AIV subtypes, and
396 with swine influenza virus (SIV). Human cases
naturally infected with AIV spanned haemaggluti-
nin subtypes Hs, H6, H7, Hg and H1o. SIV cases were
associated with endemic SIV of H1 and H3 subtype
descending from North American and Eurasian SIV lin-
eages and various reassortants thereof. Direct expo-
sure to birds or swine was the most likely source of
infection for the cases with available information on
exposure.

Introduction
Influenza virus type A, a member of the fam-
ily Orthomyxoviridae, is an enveloped virus with a

Article submitted on 01 August 2013/ published on 08 May 2014

negative-sense, single-stranded RNA genome organ-
ised in eight gene segments, which encode at least
eleven proteins. Antigenic and genetic diversity of two
surface glycoproteins, haemagglutinin (HA) and neu-
raminidase (NA), is used to classify type A influenza
viruses into subtypes; 18 HA and 11 NA subtypes are
known to date [1-5]. Water- and shorebirds were iden-
tified as reservoirs harbouring all subtypes, except
A(H17N10) and A(H18N11) of which RNA was recently
detected in bats from Guatemala and Peru, respectively
[2,3]. Reservoir animals typically do not display symp-
toms. In contrast, the diversity of influenza viruses
in mammalian hosts is limited to specific subtypes.
Human-adapted seasonal influenza viruses since the
beginning of the 20th century have had HA subtypes
H1, H2 and H3, combined with NA subtypes N1 and N2.

The segmented nature of the genome facilitates the
exchange of genetic material if a host is co-infected
with two genetically different type A influenza viruses.
This reassortment process, also known as antigenic
shift if it involves the gene segment encoding the HA,
can result in the generation of viruses with surface
antigens against which the human population may not
have pre-existing, protective antibodies. Additional
flexibility is conferred by the accumulation of muta-
tions during replication, potentially resulting in amino
acid substitutions that can affect pre-existing immunity
if the HA is involved (antigenic drift), host range, viru-
lence, and other factors [6]. If this results in sustained
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FIGURE 1

Search strategy for the literature review on animal influenza A virus infections in humans

e N e N e N e N
Medline Embase SciSearch CabAbstracts
. J . J . J . J
e N e N e N e N
Complete search
output: 4905 631 553 866
\_ J \_ J \_ J \_ J
( )\ ( N\ ( N\ ( N\
Total after selection 185AV-H 21AV-H 29 AV-H 23AV-H
criterion 1: 86 SW-H 2 SW-H 3 SW-H 6 SW-H
\_ J \_ J \_ J \_ J
( )\ ( )\ ( N\ ( )\
Total after selection 35?\/\6‘: OAV-H 3AV-H 2 AV-H
criterion 2: 451 1 SW-H 0 SW-H 2 SW-H
1EQ-H
\_ J \_ J \_ J \_ J
- " e N
Amfjlz? .retrleved 19 AV-H TOTAL
inadditionto 8 SW-H REFERENCES
literature search: 3EQ-H INCLUDED: 119
. J \_ Yy,
v v N
Articles according . . .
to type of Virological Serological No serologic
) evidence: 59 evidence: 60 evidence found: 7
evidence:

AV: avian; SW: swine; EQ: equine; H: human.

Selection step 1 extracted studies indicating information on human infection with animal influenza viruses in title and abstract. Selection
step 2 excluded papers as specified in Inclusion and exclusion criteria. Seven articles described virological as well as serological evidence
of infection. These references were counted once in the total count and listed twice in the row ’Articles according to type of evidence’. The
virological evidence of human infection is presented in this paper. The indirect serological evidence will be described elsewhere.

human-to-human transmission of a virus against which
a large proportion of the world’s human population is
immunologically naive a pandemic can develop result-
ing in a large number of human cases occurring simul-
taneously worldwide [7,8]. Such novel introductions
of reassorted viruses were at the root of four influ-
enza pandemics in the last 100 years, and claimed
the lives of millions of people, namely the ‘Spanish
flww A(H1N1) in 1918, the ‘Asian flu’ A(H2N2) in 1957,
the ‘Hong Kong flu’ A(H3N2) in 1968, and the recent
pandemic caused by influenza A(HiN1)pdmog in 2009
[9,10]. Influenza A(H1iN1)pdmog has replaced previous
human seasonal A(HiN1) viruses [11] and, together with
A(H3N2) and influenza B viruses, has been causing
seasonal influenza epidemics in humans since 2009.
With the emergence of the influenza A(H3N2) pandemic
in 1968, influenza A(H2N2) viruses ceased to circulate
in humans, but H2 subtypes are still present in birds
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and were also recently isolated from diseased swine
[12,13].

The factors that determine whether an animal influenza
virus may acquire the ability to efficiently spread among
humans are poorly understood [14]. Reassortment is
not a necessary prerequisite for human infection, and
there is clear documentation of direct transmission and
human disease caused by animal influenza viruses, in
particular avian (AIV) and swine (SIV) influenza viruses
, such as AIV A(H5N1), A(HgN2) and various Hy sub-
types, as well as European avian-like SIV A(H1N1) [15-
22]. Early detection and in-depth investigation of such
events may provide clues for (future) risk assessment
of animal-to-human transmissions.

This review was conducted under the framework of the
FLURISK project funded by the European Food Safety
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Authority (EFSA). The main objective of FLURISK is
the development of an evidence-based influenza risk
assessment framework (IRAF) to assess the potential
of animal influenza viruses to cross the species barrier
and cause sustained infections in humans. The work
presented here aims at describing available evidence
for animal-to-human influenza virus transmissions.

Methods

Search strategy

We performed a literature search using Medline,
Embase, SciSearch and CabAbstracts. Search terms
included ‘influenza’, ‘influenza virus’, ‘animals’,
‘swine’, ‘birds’, ‘poultry’, ‘wild bird’, ‘water bird’,
‘waterfowl’, ‘goose’, ‘duck’, ‘chicken’, ‘turkey’, ‘envi-
ronment’, ‘animal-to-human’,
‘transmission-to-humans’, ‘interspecies transmission’,
‘human’, ‘case’, ‘seroprevalence’, ‘serosurveillance’,
‘prevalence’, ‘incidence’, ‘risk factor’, ‘exposure’ and
various subtypes of influenza virus; the terms were
used alone or in combinations using Boolean opera-
tors. Full search details are available from the corre-
sponding author on request. Only articles published
in English were included and the search covered all
years available in the respective databases, Medline
from 1946, Embase from 1947, SciSearch from 1980,
CabAbstracts from 1973, all up to February 2012. The
search algorithm automatically discarded duplicates.
Newly published evidence that came to our attention
between February 2012 and January 2014 was also
included. Case counts of avian influenza A(H7Ng) and
A(H5N1) cases were updated on 31 January 2014 based
on the latest figures reported by the European Centre
for Disease Prevention and Control (ECDC) [23] and by
the World Health Organization (WHO) [24]. Case counts
of human infections with swine influenza variant
A(H3N2)v were retrieved on 31 January 2014 from the
website of the United States (US) Centers for Disease
Control and Prevention (CDC) as posted on 18 October
2013 [25. Grey literature was searched in a non- sys-
tematic way.

Inclusion and exclusion criteria

Included were papers indicating evidence of human
infection with animal influenza viruses (selection cri-
terion 1, Figure 1). Two investigators first screened all
papers by title and, when necessary, by abstract. All
articles meeting this first criterion were reviewed for
details of the methods used to diagnose the infec-
tion. Experimental and observational studies describ-
ing human infection with animal influenza viruses
other than influenza A(H5N1) were included. Articles
solely describing human infection with A(H5N1) were
excluded, and for influenza A(H5N1) and A(H7Ng), the
official WHO and ECDC statistics from notifications
under the International Health Regulations were used
for completeness. Commentaries, reviews, articles
dealing with influenza in animals only, studies solely
assessing human-to-human transmission of an animal
influenza virus (i.e. most of the literature on influenza

www.eurosurveillance.org

A(H1iN1)pdmog), and articles referring to study subjects
described in prior original publications were excluded
(selection criterion 2, Figure 1). Studies based on sero-
logical evidence only were excluded to ensure high
specificity of the findings. Papers were screened for
information on the time period when the study was
conducted, total number of people sampled, patient
information, nature of exposure (e.g. occupational,
recreational), possible exposure to diseased animals,
influenza virus subtypes included in testing, number of
virologically confirmed cases, information on vaccina-
tion history if stated, methods used for confirmation,
geographic region and study design. Available data
were extracted and summarised in tables. Grey litera-
ture such as ProMED, and reference lists from articles
were screened for possible additional relevant papers.
Virus detection by culture or (real-time) reverse tran-
scription polymerase chain reaction (rtRT-PCR) and
sequencing was considered to be definitive proof of
infection, listed as virological evidence (Tables 1 and

2).

Search output and article selection

The initial search yielded 6,955 articles, with 4,905
articles resulting from the Medline search, and the oth-
ers from additional searches (Figure 1). Search outputs
from Embase, SciSearch and CabAbstracts yielded 631,
553 and 866 references, respectively. After screening
of titles, abstracts and application of the second selec-
tion criterion, a total of 89 publications were selected.
The majority of these would also have been identified
solely through the Medline search.

Thirty additional studies were retrieved through scan-
ning of reference lists of articles identified via the lit-
erature review, were retrieved from grey literature or
came to our attention after February 2012. Of these
119, 59 publications and reports described virologi-
cal evidence for infection of humans and met all other
inclusion criteria; 60 papers provided some evidence
for human infection, but only based on antibody test-
ing and will therefore be described elsewhere.. Seven
publications containing both serological and viro-
logical evidence were counted once in the total refer-
ence count but were included twice in the subdivision
according to type of evidence in Figure 1.

Most studies discussed in a review of case reports
of SIV infections in humans by Myers et al. [26] were
also identified in our literature search. For complete-
ness of the human case count, virologically confirmed
civilian (n=23) and military cases of Fort Dix (n=5),
although discussed in detail in the review by Myers et
al. [26], were also included in the current review [21,27-
42] (Table 2). For two virus-confirmed cases from the
review by Myers et al. [26], the reference could not be
retrieved or did not provide full confirmation; these
cases were therefore excluded from our listing in Table

2 [43,44].
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TABLE 3

Humans naturally infected with avian influenza virus subtypes other than A(H5N1) and swine influenza virus subtypes,

1959-2014 (n=771)

Slource Number of human cases infected with
virus
Avian
LP HP LP HP LP LP
H7N2 HoN2 H1ioN H10N8 Total
Subtype | H6N1 ! H7N3 H7N3 H7N7 H7N7 | H7No ° !
1 4 3 2 89 4 251 15 4 2 375
Swine
H1N1 HiN2 H3N2 H3N2v® Total
Subtype
47 2 7 340 396

HP: highly pathogenic; LP: low pathogenic.
2as of 27 January 2014 [23].
b as of 18 October 2013 [25].

Results

The evidence for virologically confirmed infections of
humans with avian or SIV is listed in Tables 1, 2 and
3. The exposure status of infected patients is summa-
rised in Table 4. A total of 386 cases of human infec-
tion with non-A(H5N1) AIV were described, of which 375
were caused by natural infection and 11 were infected
experimentally (Table1).

Regarding human infections with SIV, a total of 401
naturally (n=396) and experimentally (n=5) infected
cases were detected in the published and grey lit-
erature in English. This included, three virologically
confirmed SIV A(H1iN1) cases originally published in
Russian by Chuvakova et al. [27] because they were
listed in the review by Myers et al. [26]. The major-
ity of cases (n=340) were naturally infected by a SIV
variant A(H3N2)v [25]. Recognised in US swine in 2010,
this variant combines seven genes from the contem-
porary North-American A(H3N2) SIV lineage and has
acquired the M gene of the A(HiN1)pdmog virus [25].
The remaining 56 naturally infected, virologically con-
firmed human cases were caused by different circulat-
ing SIV or SIV reassortants (Table 2). Five persons were
experimentally infected with SIV [45]. The majority of

TABLE 4

AIV- and SlV-infected patients had been exposed to
animals (Table 4).

Human infections with avian influenza viruses

Infections with highly pathogenic avian influenza virus

A(H5N1)

To date, highly pathogenic avian influenza (HPAI)
A(H5N1) viruses are the most frequently diagnosed
zoonotic influenza virus infections related to avian
exposure [46], although this picture may change in the
near future given the recent upsurge in low pathogenic
avian influenza (LPAI) A(H7Ng) cases. The HPAI A(H5N1)
viruses first attracted major attention in the scientific
community in 1996, when a large number of domestic
waterfowl died in the course of an A(H5N1) outbreak in
Guangdong province in southern China. In 1997, HPAI
A(H5N1) resurfaced in Hong Kong SAR, China (in the fol-
lowing referred to as Hong Kong); it caused a massive
die-off in poultry and crossed the species barrier for
the first time, infecting 18 humans, of whom six died
[47,48]. From mid-2003 to March 2004, HPAI A(H5N1)
spread to seven south-east Asian countries with out-
breaks in poultry and waterfowl, and the first con-
firmed human cases, were reported in Thailand and
Vietnam in 2004 [49]. In 2005, HPAI A(H5N1) accounted

Exposure status of patients infected with avian influenza virus, excluding 251 A(H7N9) and including 11 experimentally
infected cases, and with swine influenza virus, 1959-2014 (n=536)

Source Number of cases

Exposed Not exposed Exposure status Likely exposed Other? Total

unknown (H3N2v)
Avian 114 3 5 n.a. 13 135
Swine 45 20 2 328 6 401

n.a.: not applicable.

2 Experimental (avian n=11, swine n=5) or laboratory exposure (avian n=2), or human-to-human transmission (swine n=1).
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for the death of a large number of migratory waterfowl
at Qinghai lake, China. Shortly after this event, the
virus rapidly spread to other Asian countries, Africa,
Europe, the Middle East, Mongolia and Russia [50].
Over time, the viruses evolved into multiple lineages,
some of which persisted and have become endemic
in China, Bangladesh, Egypt, India, Indonesia and
Vietnam [51].

As of 10 December 2013, the WHO has listed 648 HPAI
A(HsN1) infected cases from 15 countries, confirmed
according to WHO criteria and covering a time span of
10 years [24]. In total, 59% of the reported cases died
[24]. Indonesia, Egypt and Vietnam reported 195, 173
and 125 cases, respectively, accounting for about 75%
of the total influenza A(H5N1) human case count. These
three countries also reported the majority of fatalities

[24].

Infections with H7 subtype avian influenza viruses

In total, we identified 353 human cases with virologi-
cally confirmed H7 infection (Table 1). The majority of
these cases (n=251) were reported in China, followed
by 95 cases in Europe, six in North America and one
in Australia [17,18,23,52-59]. In China, all cases were
caused by the recently emerged subtype A(H7N9) [23].
Of the remaining 102 cases, 93 cases had influenza
A(H7N7), five had influenza A(H7N3) and four influ-
enza A(H7N2) (Table 3). The first two human cases
infected with influenza A(H7N7) were reported in 1959
and 1977. One of these patients had keratoconjunctivi-
tis, thought to be caused by the AlIV infection [52,53].
This predilection for the ocular mucosa was confirmed
when a person involved in an experimental infection of
a seal with an avian-like influenza A(H7N7) developed
conjunctivitis, and virus was cultured from a conjuncti-
val swab [54,60]. In the United Kingdom (UK) in 1996,
LPAI A(H7N7) virus infection was associated with mild
conjunctivitis in a woman who cleaned a duck house
and mentioned getting a piece of straw in her eye [55].

Among European cases, 89 humans were infected in
the course of a large outbreak with HPAI A(H7N7) in
poultry in the Netherlands in 2003 [17]. In contrast to
the severe consequences in poultry, only mild symp-
toms were seen in 88 of the infected people. There
was one exception. a veterinarian who died of acute
respiratory distress syndrome and multiple organ fail-
ure. This person had contracted a virus with several
mutations, including a known virulence marker in PB2
[56]. Most of these mutations had accumulated dur-
ing circulation of the virus in poultry, showing that
the public health risk may change over the course of
an outbreak [61]. In February 2004, a mixed LPAI and
HPAI A(H7N3) virus outbreak was reported in poultry in
British Columbia, Canada [18]. Enhanced surveillance
for influenza-like illness (ILI) and conjunctivitis in the
course of this outbreak led to the identification of two
poultry workers showing symptoms of unilateral con-
junctivitis. Neither had used the recommended gog-
gles or taken prophylactic oseltamivir. Interestingly,
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both virus types led to human infection: the isolate
cultured from the first worker had the LPAI phenotype,
whereas the strain retrieved from the second worker
was classified as HPAI [19,62,63]. In 2006 and 2012,
LPAI A(H7N3) was associated with one patient in the
UK and HPAI A(H7N3) with two patients in Mexico. In
both instances, exposure to infected poultry was docu-
mented and all patients presented with conjunctivitis
[57,59]. Finally, LPAI A(H7N2) was reported as the infec-
tious agent causing mild influenza-like symptoms and
conjunctivitis in four cases in the UK in 2007 [58].

The assumption that LPAl influenza viruses were mostly
associated with mild disease was challenged with the
emergence of influenza A(H7N9) viruses in March 2013,
when China notified the WHO of three cases infected
with LPAI A(H7N9) who were severely ill and eventu-
ally died [64]. During the first wave of infections from
February to May 2013, 133 human cases were reported
and an additional two cases in July and August [23].
Phylogenetic studies concluded that all genes of this
newly detected virus were of avian origin [64]. In
October 2013, the second wave started and was still
ongoing at the time of writing (31 January 2014) [23].
Between February 2012 and 27 January 2014, a total of
251 influenza A(H7N9) cases were reported, 56 of whom
died [23]. Infections occurred in Anhui (n=4), Beijing
(n=3), Fujian (n=15), Guangdong (n=32), Guizhou (n=1),
Hebei (n=1), Henan (n=4), Hong Kong (n=3), Hunan
(n=4), Jiangsu (n=31), Jiangxi (n=5), Shandong (n=2),
Shanghai (n=42) and Zheijang (n=102). Two cases
were imported from mainland China into Taiwan [23].
In response to these events, China culled thousands of
birds and closed several poultry markets [65], although
only 39 of 48,000 samples representing 1,000 poultry
markets tested positive. Most human cases had a his-
tory of exposure to birds or live bird markets [23]. As of
31 January 2014, no conclusive evidence of human-to-
human transmission has been reported and the ecol-
ogy of the viruses remains to be resolved.

Infections with H9 subtype avian influenza viruses

In total, we detected 15 human cases infected with AlIV
A(H9N2) (Table 1, Table 3). Since the mid-1990s, influ-
enza viruses of the Hg subtype have established sta-
ble lineages in poultry in Asia and have occasionally
infected humans and swine (Table 1) [16,66-69]. As of
31 January 2014, human A(H9N2) cases have only been
detected in Asia, particularly in China. Six cases were
identified via the literature search [16,66-68]. Of those,
three reported poultry exposure and all presented with
mild ILI (Table 1). Reviews conducted by Peiris [46] and
Cheng et al. [68] identified six additional human infec-
tions in China reported in the Chinese literature [70,71].
Three additional cases from Bangladesh, Hunan and
Shenzhen, two with and one without poultry expo-
sure, complete the total count of fifteen human cases
caused by AIV A(H9N2) [69,72,73] (Table 3). Infections
with AIV A(HgN2) viruses gained public health inter-
est when researchers found that strains circulating
in Asian poultry had a receptor specificity similar to
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human influenza A viruses, which is considered one of
the essential features of a human-to-human transmis-
sible virus [74]. So far, however, no sustained human-
to-human transmission of A(H9N2) influenza viruses
has been reported.

Infections with other avian influenza virus subtypes
Experimental inoculation of human volunteers with
influenza strains A(H4N8), A(H6N1) or A(H10N7) resulted
in mild clinical symptoms and virus shedding in eleven
volunteers [75]. In 2004, the National Influenza Center
in Egypt and the WHO Influenza Collaborating Centre in
the UK announced the isolation of influenza A(H1oN7)
virus from two children presenting with fever and
cough in Egypt [76]. In Australia, virus of the same sub-
type could be detected by PCR in two abattoir workers
with conjunctivitis who were exposed to infected poul-
try [20] (Table 3). In December 2013 and January 2014,
human infection with A(H1o0N8) virus was reported for
the first time in Jiangxi province, China [77,78]. Both
patients were female and had visited a poultry and
an agricultural market, respectively, before onset of
illness. One of them was immunocompromised and
had died whereas the other case was still in critical
condition as of 31 January 2014. In 2013, CDC Taiwan
reported a human case of AIV A(H6N1) infection caus-
ing mild pneumonia, although an avian source could
not be identified [79,80] (Table 3).

Human infection with swine influenza viruses
An overview of all studies describing virologically con-
firmed human SIV cases is given in Table 2. In total,
we identified 396 SIV-confirmed patients who were
naturally infected (401 including experimental infec-
tions) (Table 2). Beare et al. [45] successfully recovered
SIV from five of 20 human volunteers after experimen-
tal infection: of seven volunteers infected with SIV
A(H3N2) related to A/Hong Kong/1/68, three tested
virus-positive), and of 13 infected with a classical swine
A(H1N1) virus strain, two tested positive. Of the natu-
rally infected cases, 47 were infected with SIV A(H1N1),
two with SIV A(H1N2), seven with SIV A(H3N2) and 340
with SIV A(H3N2)v (Table 2, Figure 2). The majority
of these cases were reported in North America, 11 in
Europe and six in Asia. One of the six Asian cases was
infected with SIV A(H3N2) from the European lineage
(Figure 2) [39]. SIV epidemiology differs between conti-
nents and was extensively reviewed for North America,
Europe and Asia [81-84]. In addition to the studies dis-
cussed in the review by Myers et al. [26] we identified
fourteen studies and reports describing a further 28
human SIV cases; 368 when taking into account 340
cases with SIV A(H3N2)v infection. Details on these
studies are described in more detail in the following
sections grouped by continent.

Infections with swine influenza A H1 subtype viruses

Asia: A 25 year-old male from the Philippines and a
four year-old male from Thailand were infected with
swine-like A(HiN2) and A(H1N1), respectively [85]. The
isolated viruses carried HA genes most closely related
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to classical swine viruses circulating in Asia and North
America. NA genes were most similar to circulating
European SIV. Both cases showed mild ILI and neither
of them had direct contact with swine, although occa-
sional contact with backyard swine could not be ruled
out.

Europe: In Spain, a 50 year-old woman developed ILI
after having been closely exposed to swine on a family
farm [22]. No symptoms in swine were observed and
sequencing of the isolate revealed that it was closely
related to avian-like SIV A(H1N1) circulating in swine
in western Europe. Three cases from Switzerland were
detected who had worked with influenza-confirmed
swine [86].

North America: For the US, 19 confirmed cases of SIV
A(H1N1) infection were described in the published lit-
erature. This number could possibly be higher because
Vincent et al. [87] reported on 26 human cases pre-
senting with ILI after exposure to ill swine on a county
fair in Ohio. The authors described that isolation and
sequencing was performed for at least two of the
human cases. Since the exact number of virologically
confirmed cases was not given, we only added the two
confirmed patients to the overall SIV A(H1N1) count
(Table 3). Sequences from swine and human isolates
from this outbreak were identical and were similar to
triple-reassortant (tr) viruses currently circulating in
swine herds in the US [87,88]. Another triple-reassor-
tant A(H1N1) SIV was detected in a 17 year-old male from
Wisconsin who assisted in butchering healthy appear-
ing swine [89]. The patient presented with acute, mild
respiratory illness without fever. Similarly, Dawood et
al. [90] reported infection with trSIV A(H1N1) in a 19
year-old asthmatic male who visited a swine show in
South Dakota. Symptoms included fever, ILI, vomiting
and diarrhoea. No respiratory illness was observed in
swine at this event. AtrSIV A(H1iN1) was also detected in
three infected swine workers in Sasketchewan, Canada
[91]. Household members did not report any signs of
disease. Mild respiratory illness was reported in less
than 1% of the swine; however, no confirmatory test
had been conducted in ill swine. Unlike trSIV identified
earlier in North America, this isolate contained an HA
and a NA belonging to the A/Brisbane/58/2007 A(H1N1)
lineage, whereas the remaining genes were derived
from trSIV A(H3N2) viruses circulating in North America
since 1998. Gray et al. [92] found another trSIV A(H1N1)
in the course of a prospective survey, which was iso-
lated from an ill swine farmer exposed to swine show-
ing respiratory symptoms. Routine national influenza
surveillance reported another 10 human cases infected
with trSIV A(H1N1), distinct from A(HiN1)pdmog, and
one case caused by trSIV A(HiN2). The majority of
those twelve patients stated exposure to swine prior to
disease onset and all made a full recovery [93].

The CDC reported additional human infections with

SIV-variant viruses of subtype A(HiN1)v and A(H1N2)v
identified in the US since 2005 [94]. These figures have
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FIGURE 2

Timeline of emergence of swine influenza virus lineages circulating in Europe and North America indicating natural human
infections from swine
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HA: haemagglutinin; NA: neuraminidase; SIV: swine influenza virus; v: variant; hu: human.

Years on main arrow denote human influenza pandemics: A(H1N1) in 1918, A(H2N2) in 1957, A(H3N2) in 1968 and A(H1iN1)pdmog in 2009.
Pictograms denote the origin of viral genes. Items in grey font indicate that the virus did not establish itself in the swine population and
therefore did not circulate any further. Boxed items indicate infection in humans. Double-ended arrows indicate that four viruses were
introduced in 1998 in the swine population.

Superscript letters refer to the genome segment constellation:
2 Classical SIV A(H1N1) constitutes a reassortant between human A/BM/1918 and unknown virus.

® Recent phylogenetic evidence suggests that classical SIVA(H1N1) may have been present in Europe already in the 1930s and not around
1950 as previously assumed [122].

¢ Classical SIV A(H1N1) was re-introduced into Europe via Italy in 1976 and circulated in European countries until it was replaced by avian-like
SIV(H1N1) in 1979 (was not replaced in England) [122].

4 HA and NA from human HongKong/68-like virus, remaining genes from European avian-like swine A(H1N1).

¢ HA from human A(H1N1) (England/8o-like), NA from European reassortant swine A(H3N2), remaining genes from European avian-like swine
A(H1N1).

fHA, NA of human A(H3N2) origin, remaining genes from classical swine A(H1N1) and avian influenza origin.

& HA, NA from classical SIV A(H1N1), remaining genes from triple-reassortant or swine A(H1N2).

" HA, NA from seasonal human influenza viruses, remaining genes from triple-reassortant swine A(H3N2).

' A(H3N2)variant: M gene from A(HiN1)pdmog, remaining genes from triple-reassortant swine A(H3N2), N2 antigenically different from triple-
reassortant A(H3N2) from 1998.

I Including five virus-confirmed human cases reported from Fort Dix outbreak among soldiers in New Jersey, United States in 1976 [28].

k Nine human cases could not be assigned: Six of them were infected with reassortants that did not group with current SIV lineages. Two
of the six cases were from the Philippines and Thailand, infected with A(H1N1) and A(H1N2) bearing HA from the North American lineage
from the 1990s and NA from European swine influenza lineages [85]. Three of the six cases were from Canada, infected with an A(H1N1)
reassortant with HA and NA genes resembling those of A/Brisbane/59/2007(H1N1)-like viruses and internal genes (NS, NP, M, PA, PB1,
and PB2) descending from a contemporary North American SIV A(H3N2) triple reassortant [91]. The last of the six cases was infected with
triple-reassortant A(H1iN1) with HA, PA, PB1, PB2, NP, M, NS from North American triple-reassortant SIV A(H1N1) lineage and NA from North
American, classical swine A(H1N1) [92,123]. The remaining three cases infected with SIV A(H1N1) were described in Russian by Chuvakova et
al. [27] for which no further isolate characterisation was given in the abstract of the paper.
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not been included in this review due to missing case
history and in order to avoid double counting of cases
described in the published literature.

Human infections with swine influenza A H3 subtype
viruses

North America: In our search we detected two cases
of trSIV A(H3N2) from Canada [95,96] and one from
Kansas, US [97] infected before 2011. In Canada, a six
year-old boy who lived on a swine farm presented with
parotitis, nasal congestion, cough and pharyngitis, but
had no fever. The swine appeared clinically healthy
[95]. No swine exposure was reported in the second
Canadian patient, a seven month-old child, who lived
on a community farm and showed ILI symptoms [96].
Similarly, the third case from Kansas presented with
ILI and is likely to have contracted trSIV A(H3N2) from
swine he was exposed to at a county fair [97]. It is
assumed that swine harboured the virus; PCR results
performed on swine samples were negative but sera
showed raised titres against SIV A(H3N2) indicating
prior infection.

Between July and August 2011, a SIV variant, which
accounted for the majority of reported human SIV
A(H3N2) cases, appeared in the US, possibly reflect-
ing enhanced surveillance activities in the country.
This SIV A(H3N2) variant, A(H3N2)v, was first found
in two children presenting with fever and respiratory
signs [98,99]. Sequencing showed that this variant
contained seven genes derived from the contemporary
trSIV A(H3N2), circulating in the US swine population
since 1998, as well as the M,gene from the A(H1N1)
pdmog virus. Since its first occurrence in 2011, A(H3N2)
v has been detected in 340 humans according to data
as of 18 October 2013 [25]. Since July 2012, 17 patients
have been hospitalised and one patient has died due
to SIV A(H3N2)v infection. Most cases have reported
prolonged exposure to swine before gettingill.

Human infections following exposure to other animals
We have identified three studies describing human
susceptibility to equine influenza virus, demonstrated
by experimental infection with equine subtype A(H3N8)
[100-102]. The literature search did not reveal evidence
of humans naturally infected with equine influenza
virus.

Discussion

Here we present a review of the literature for stud-
ies presenting any evidence for human infection with
animal influenza viruses. Virological techniques, e.g.
virus culture, PCR and sequencing provide more solid
evidence of infection, whereas serological methods
can help reaching a diagnosis after the virus has been
cleared from the body. Virus isolation is still the gold
standard in detecting AlV infection. Human cases with
virological evidence identified by PCR only should be
interpreted with caution as detection of viral RNA with-
out additional serological evidence (seroconversion,
more than fourfold rise in the titre of paired samples)
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does not necessary imply infection, although current
diagnostic methods heavily rely on case identification
by PCR [103,104]. Serological results can be misleading
because of the existence of cross—reactive antibodies
and thus provide less solid evidence than direct detec-
tion of the infecting virus itself [105]. Therefore, we lim-
ited the current paper to studies providing virological
evidence only.

Most evidence of human infection with AIV is associ-
ated with subtypes Hs and H7. Both subtypes can be
linked to devastating outbreaks in poultry with high
mortality, if transition from a low to a highly patho-
genic state occurs [106]. Pathogenicity shown in poul-
try clearly does not reflect disease severity in humans:
before the emergence in LPAI A(H7Ng) as a cause of
severe human illness, LPAI and HPAI viruses of sub-
type H7 had in the majority of cases been associated
with mild eye infections or ILI [107]. The LPAI A(H7Ng)
infections diagnosed to date, however, have been unu-
sually severe [23,64]. In addition to the severity of ill-
ness associated with these and also A(H5N1) viruses,
the widespread circulation of different lineages, made
possible by mutations and reassortments, justifies
enhanced surveillance activities, given that few genetic
changes may lead to a human-to-human transmissible
virus [108,109].

Nevertheless, the evidence from experimental infec-
tions and anecdotal natural infections shows that other
AIV may infect humans as well. There is insufficient
systematic surveillance data to address the question
whether the identified human cases reflect the level
of virus circulation among wild or domestic birds, or
whether certain subtypes infect humans preferentially.

Regarding SIV, there is ample evidence of human infec-
tion with A(H3N2), A(H1iN1) and A(H1N2) subtypes, as
well as reassortants derived from these endemic SIV
lineages. Nevertheless, one has to be aware that the
true number of human SIV cases is probably higher
than reported since clinical symptoms of SIV are indis-
tinguishable from seasonal influenza [86]. Whereas
recent human cases in Europe were detected almost
accidentally, the larger number of cases reported in the
US since 2005, especially for influenza A(H3N2)v since
2011, may be the result of increased surveillance activi-
ties [86,110]. Swine were assumed to play an important
role as intermediate hosts or ‘mixing vessels’ for strains
of human, avian and swine origin, because they pos-
sess avian and human influenza-specific receptors in
the tracheal epithelium [111]. However, recent research
showed that the distribution of sialic acid receptors
in the porcine respiratory tract is similar to that in
humans, leading to the conclusion that humans are
equally likely to constitute ‘mixing vessels’ [112,113].
The fact that influenza viruses can circulate unnoticed
in swine populations [114] warrants close surveillance
in this animal species as well. Co-circulation of dif-
ferent influenza virus strains in swine may facilitate
the generation of new variants that could potentially
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pose a threat for public health [115]. For instance, it is
assumed that influenza A(HiN1))pdmog was present in
swine herds for months before it emerged as a pan-
demic strain in humans [116]. Conversely, Nelson et al.
[117] reported at least 49 transmission events of influ-
enza A(HiN1)pdmog from humans to swine between
2009 and 2011, as well as at least 23 separate intro-
ductions of human seasonal influenza into swine since

1990.

Although there is some evidence for infection in swine
with non-H1 and non-H3 subtype viruses (H9N2, H4N6)
[115,118], we found no case reports describing human
infection with these influenza A virus subtypes after
swine exposure. Since most human infection events
are associated with swine exposure, awareness of risk
factors and personal protective equipment is para-
mount to limiting the chance of infection and prevent-
ing people working with or recreationally exposed to
swine (including children) from becoming ‘bridging
links’ between swine and community contacts and vice
versa [92,119].

There are a few limitations to this review. The language
restriction set to papers published in English only and
the unsystematic search of the grey literature probably
lead to the omission of additional documented human
infections with animal influenza virus. Although this
limitation may affect the total count of human cases,
the aim of this review was to identify animal influ-
enza subtypes, which crossed the species barrier to
humans, and to our knowledge, all relevant subtypes
were covered by this review.

Conclusions

There is evidence of infection of humans with animal
influenza viruses belonging to various subtypes. All
reported SIV cases have been exclusively associated
with subtypes H1 and H3, and most AIV cases were
caused by subtypes Hs and H7. Whether this reflects
the prevalence of these viruses in birds kept or sold
for consumption or a preferential ability to transmit to
humans cannot be concluded from the available evi-
dence. Given the often, mild illness associated with
non-Hs and non-H7z animal influenza virus infections
in humans, such cases likely are underreported [120].
Standardisation of diagnostic methods has signifi-
cantly improved case ascertainment in recent years,
but the monitoring of the evolution of these viruses
is less advanced. Recent research pointed out that
the majority of Asian and African countries have con-
tributed only few sequences to surveillance networks
and do not regularly sequence viruses as part of their
surveillance programme [121]. Genetic sequencing is
paramount to identifying changes with potential effect
on the phenotype of circulating influenza viruses, and
could thereby strengthen worldwide epidemic and
pandemic preparedness [121]. To be prepared for a
potentially emerging influenza virus of animal origin in
humans, enhanced global surveillance in animal popu-
lations is therefore indicated to monitor evolution and
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circulation of viruses with yet unknown public health
risks.

Note:

Numbers on influenza H5N1 and H7Ng are as of 31 January
2014.
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The 2010 FIFA World Cup took place in South Africa
between 11 June and 11 July 2010. The European Centre
for Disease Prevention and Control (ECDC), in col-
laboration with the hosting authorities, carried out
enhanced epidemic intelligence activities from 7 June
to 16 July 2010 for timely detection and monitoring of
signals of public health events with a potential to pose
a risk to participants and visitors. We adapted ECDC’s
routine epidemic intelligence process to targeted
event-based surveillance of official and unofficial
online information sources. A set of three specifically
adapted alerts in the web-based screening system
MedISys were set up: potential public health events
in South Africa, those occurring in the participating
countries and those in the rest of the world. Results
were shared with national and international public
health partners through daily bulletins. According to
pre-established ECDC criteria for the World Cup, 21
events of potential public health relevance were iden-
tified at local and international level. Although none
of the events detected were evaluated as posing a
serious risk for the World Cup, we consider that the
investment in targeted event-based surveillance activ-
ities during the tournament was relevant as it facili-
tated real-time detection and assessment of potential
threats. An additional benefit was early communica-
tion of relevant information to public health partners.

Introduction

The 2010 FIFA World Cup

The 2010 Fédération Internationale de Football
Association (FIFA) World Cup took place in South Africa
between 11 June and 11 July 2010 [1]. It was one of the
largest mass gathering events (MGs) ever organised
on the African continent, with the participation of 32
national football teams (Figure), including 11 teams
from European Union (EU)/ European Economic Area
(EEA) countries: Denmark, England, France, Germany,
Greece, ltaly, the Netherlands, Portugal, Slovakia,
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Slovenia, and Spain. More than 300,000 foreign
football fans visited South Africa to attend the event
(around 72,000 (24%) from Europe), in addition to the
10 million tourists who visit South Africa each year [2].

Mass gathering and risk of infectious diseases
The World Health Organization (WHO) defines a mass
gathering event (MG) as an event attended by more
than 1,000 individuals in a specific location for a spe-
cific purpose and for a defined period of time [3]. The
term ‘mass gathering’ generally refers to major inter-
national public events, such as sporting events or
religious gatherings as well as unplanned events with
large number of attendees, which can put a strain on
the planning and response resources of the hosting
community.

Large numbers of visitors in the same area at the same
time may increase the risk of communicable disease
outbreaks. Several factors contribute to this theo-
retical increase, such as increased person-to-person
transmission of pathogens due to the localised high
population density, risk of importation of nondendemic
diseases, exportation of endemic diseases, challenges
in contact tracing due to visitor mobility and tempo-
rary structures such as mass catering and accommo-
dation for visitors. Non-communicable health risks are
also relevant, including heat stroke, crowd injury and
drug- and alcohol-related conditions. Additionally, as
MGs are often high-profile events, other risks such as
security or bioterrorism threats also need to be taken
into consideration. The increased risk of public health
events during MGs poses special challenges for the
hosting authorities in terms of public health prepared-
ness and communication. Media attention might lead
to the need for timely communication to the general
public and to participants’ home communities upon
their return.
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FIGURE

Countries participating in the 2010 FIFA World Cup, South Africa, 11 June-11 July 2010 (n=32)

Countries
I Participating
1 Not participating

FIFA: Fédération Internationale de Football Association.

ECDC epidemic intelligence activities

ECDC refers to epidemic intelligence (El) as the sys-
tematic process of collection, validation and analysis
of information about potential public health events
from a virtually unlimited amount of sources [4,5]. Its
purpose is to speed up the detection of possible public
health events in order to allow the implementation of
timely response actions after an adequate risk assess-
ment. This includes real-time monitoring of the risk
these events might pose. The El process uses official
data provided by national health authorities through
indicator-based surveillance as well as the monitor-
ing of additional information through event-based
surveillance.

ECDC activities during a MG focus mostly on the event-
based surveillance component, in particular on the
processing of web-based information. To do so, we use
advanced technologies, defined as event-based sur-
veillance web systems, which are able to gather, filter
and classify public health information online. MedISys
is among the EBS web systems most frequently used
for El purposes at ECDC because of its extreme flex-
ibility and possible customisation [6]. The system,
developed in 2006 by the European Commission’s Joint
Research Centre, is capable of screening selected pub-
licly available web sources, including online media and
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government websites, using multilingual categorisa-
tion based on alert definitions using keywords in over
40 languages [7,8]. Online items of potential public
health interest are automatically classified in specific
disease categories if they satisfy the corresponding
alert definitions, which may contain Boolean opera-
tors, proximity operators, wildcard characters and the
use of cumulative positive or negative weights with an
adjustable threshold. All news items are classified and
geo-located in a user interface accessible on the web.

ECDC epidemic intelligence activities during
the 2010 World Cup

In line with ECDC’s Founding Regulation, which states
that the agency’s role is to ‘identify, assess and
communicate current and emerging threats to human
health from communicable diseases in order to
strengthen Europe’s defences against infectious dis-
eases’ [9], we undertook to inform EU national health
authorities and the European Commission in real time
about possible public health risks for EU citizens dur-
ing the 2010 World Cup.

The aim of this article is to present the adapted ECDC
El strategy developed six months before and put in
place specifically for 2010 World Cup, to present the
web-technology used for performing event-based

www.eurosurveillance.org



TABLE 1

List of MedISys filters created for the 2010 FIFA World Cup, South Africa, 7 June-16 July 2010

MedISys filters

Selected communicable diseases

Filter 1 occurring in South Africa

Description Purpose

Identify web information about selected communicable diseases and
syndromes considered to be more likely to occur in South Africa

Identify web information about non-infectious disease events of possible
Filter 2 Other public health events in South Africa | public health interest at the game venues (e.g. crowd injuries, heat stroke
and security issues)

Selected communicable diseases to

Identify web information about selected communicable diseases considered

countries neighbouring South Africa

Filter 3 - AR . to be at risk for importation to the host country from participating countries
South Africa from participating countries (excluding South Africa)?
Filter 4 Selected communicable diseases in Identify web information about selected communicable diseases considered

to be at risk for importation to South Africa from bordering countries®

FIFA: Fédération Internationale de Football Association.

MedlSys, developed at the Joint Research Centre of the European Commission, is an Internet-based system that continuously monitors
specialist medical sites and news sites to rapidly identify potential threats to public health.

2 Algeria, Argentina, Australia, Brazil, Cameroon, Chile, Céte d’Ivoire, Denmark, England, France, Germany, Ghana, Greece, Honduras, ltaly,
Japan, Mexico, Netherlands, New Zealand, Nigeria, North Korea, Paraguay, Portugal, Serbia, Slovakia, Slovenia, South Korea, Spain,

Switzerland, Uruguay and the United States.

® Namibia, Botswana, Mozambique, Swaziland, Zimbabwe and Lesotho.

surveillance for this MG and report findings in terms
of identified public health events communicated in real
time with public health partners.

Methods

We adapted ECDC’s routine El process [4] for a defined
period of time starting two weeks before the begin-
ning of the 2010 World Cup (7 June 2010) and ending
one week after the closing ceremony (16 July 2010). The
objective was to allow early detection and monitoring
of signals of public health events with a potential to
pose a risk to participants and visitors.

Routine El activities were enhanced by expanding the
information sources, using a targeted and systematic
screening approach using tailored tools (MediSys),
determining validation sources, establishing a daily
analysis and communication process with regular and
specific public health partners and developing specific
reports. Processes were then re-integrated into the
structure of routine El activities at ECDC with no addi-
tional allocated budget. We benefited from an addi-
tional full-time seconded expert (B. Kaic) for weekday
additional screening and daily report production.

Screening of public health information
potentially relevant to the 2010 World Cup
through MedISys

Following a review of the existing list of online media
sources screened by MedISys, we added, in collabo-
ration with European Commission’s Joint Research
Centre, relevant publicly available media web sources
and websites of health authorities of the host country,
its neighbours and those of the participating countries.

www.eurosurveillance.org

New multilingual alert definitions were set up, which
included languages of participating countries not yet
covered by the system, geo-terms specific to South
Africa in order to locate the information identified
(names of regions, provinces, cities, neighbourhoods
and game venues) as well as a limited set of communi-
cable diseases and symptoms. The list of diseases and
symptoms was based on an ECDC internal assessment
of risk of infectious diseases considering official infor-
mation from the National Institute for Communicable
Diseases (NICD) in Johannesburg, public health reports
and travel advice issued by national and international
organisations worldwide before the event [10-13]. The
list of diseases comprised the following: tick bite fever,
Crimean Congo haemorrhagic fever, chikungunya,
cholera, dengue, food-borne disease, hand, foot and
mouth disease, human immunodeficiency virus (HIV)
infection, influenza, legionellosis, malaria, measles,
meningococcal meningitis, sexually transmitted infec-
tions, poliomyelitis, rabies, Rift Valley fever, respira-
tory syncytial virus infection, rubella, tuberculosis and
yellow fever.

Customised pages were then created in MedISys dedi-
cated to the 2010 World Cup, where selected disease
alerts were combined with alerts for selected countries
in order to create display filters for online information
of potential interest (Table 1).

Filtering screened information for potential

public health events

e We established criteria to evaluate the web informa-
tion selected by MedISys regarding public health
relevance for the tournament. These were:
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TABLE 2

Detected or monitored public health events during the 2010 FIFA World Cup, South Africa, 7 June-16 July 2010 in the host
country and their relevance for the event

Public health
event

Influenza

Source

NICD [10-12,29], WHO [31],
media reports (MedISys
alert)

Description

Low activity with initially influenza
B virus circulation, later moderate
with the addition of A (H3N2) and
pandemic A (H1N1) strains.

ECDC actions and assessment of relevance for the
event

Several cases among participants/visitors reported
by media but overall no relevant spread to the
community for the 2010 World Cup.

Rift Valley fever

NICD [10-12], media
reports (MedISys alert)

Ongoing nationwide outbreak, with
first cases reported in February 2010
(228 confirmed cases including 26
deaths).

All confirmed cases had direct contact with
infected animal tissue. No cases among visitors/
participants and no relevance for the 2010 World
Cup.

Meningococcal

NICD [10-12,29], media

105 confirmed cases (=85 due to

No direct risk for visitors/participants and no cases
reported among either group. It had no relevance

(MedISys alert)

meningitis reports (MedISys alert) Neisseria meningitidis B/W135). for the 2010 World Cup

An ongoing measles outbreak (B3 - ..

) . . No cases reported among visitors/participants
Measles NICD [10-12], media genqtypg) since 2009. A mass during the World Cup but cases potentially linked
reports (MedISys alert) vaccination campaign took place to the event afterwards in several countries

before the event. :

Two fatalities reported by media in a
Malaria Media reports [22], South Korean dance group were not Risk for malaria in visitors/participants was

considered to be linked to infection in
South Africa.

considered low.

Canine rabies

NICD [23,24], media

Ten canine cases were reported
in domestic dogs in a suburb of

No human exposure occurred during the
surveillance period; however, a local case with
symptom onset at end of August 2010 was

reports (MedISys alert) Johannesburg

confirmed later by the NICD. It had no relevance for
the 2010 World Cup.

Food-borne
illness

Media reports [26,27],
(MedISys alert)

Two limited food-borne illness
outbreaks at game venues.

Outbreaks confirmed by the NICD and assessed
as local events with limited or no risk for visitors/
participants. It was of no relevance for the 2010
World Cup.

ECDC: European Centre for Disease Prevention and Control; FIFA: Fédération Internationale de Football Association; NCID: National Institute for
Communicable Diseases, Johannesburg, South Africa; WHO: World Health Organization.

The enhanced surveillance period was from 7 June to 16 July 2010.

MedlSys, developed at the Joint Research Centre of the European Commission, is an Internet-based system that continuously monitors
specialist medical sites and news sites to rapidly identify potential threats to public health.

e suspected or confirmed cases of communicable dis-
eases of public health relevance for the 2010 World
Cup;

e suspected or confirmed cases of communicable
diseases of public health relevance occurring in
South Africa (risk to EU visitors/participants, risk
of importation to the EU);

e incidents in South Africa related to international
security, such as possible intentional release of
biological agents, nuclear and chemical events;

e suspected or confirmed cases of communicable dis-
eases of public health relevance for the World Cup
occurring in countries with national teams partici-
pating in the World Cup and in countries bordering
South Africa (risk of exportation to South Africa
and local spread);

e incidents occurring in South Africa drawing media
attention in the EU, such as outbreaks in tour-
ist areas, crowd injuries, rumours about possible
spread of communicable diseases among visitors
or participants.

30

Validation and analysis of potential public
health events

Information on public health events detected in EU/
EEA countries was validated through routine channels
with EU Member States, while those detected outside
the EU/EEA (excluding South Africa) were validated
through the WHO Regional Office for Europe and the
ECDC El international network.

Public health events identified in South Africa were
validated and assessed through information available
from the NICD. The NICD undertook daily laboratory
surveillance at national level and was a core member
of the Public Health Cluster at the National Operations
Centre, which was responsible for the risk assessment
of each incident/event. The NICD also posted regular
official epidemiological updates on the web, providing
real-time public information on current outbreaks or
diseases of interest in the country, such as measles,
influenza and Rift Valley fever.

www.eurosurveillance.org



We analysed all validated events at ECDC on a daily
basis during regular El meetings with the participation
of ECDC disease-specific experts, taking into consid-
eration the information provided by South Africa and
WHO Regional Office for Europe.

Communicating the epidemic intelligence
findings

During the entire period of the enhanced surveillance,
ECDC produced a daily bulletin summarising the results
of the daily EI activities (signal source, public health
topic and summary, validation status, ECDC assess-
ment of relevance).This bulletin was shared daily with
the NICD, WHO Regional Office for Europe and inter-
ested EU Member States.

Results

Targeted ECDC El activities during the 2010 World Cup
were undertaken for six weeks: 21 incidents of poten-
tial public health relevance according to ECDC criteria
were detected or monitored. Seven of them occurred in
South Africa.

Potential public health incidents in South
Africa

A short summary of all potential public health threats
in South Africa identified or monitored by ECDC during
the enhanced surveillance period is shown in Table 2.

Influenza

The football tournament occurred during the expected
influenza season in South Africa. Thus, ECDC started
to monitor the influenza activity in South Africa before
the event, consulting the NICD and WHO reports sup-
plemented with online media reports, which were veri-
fied when necessary. Overall, the influenza activity was
low to moderate during the tournament. Initially, only
influenza B virus was circulating; both A(H3N2) and
A(H1iN1)pdmog virus strains were detected later during
the surveillance period [10-12]. Despite some reported
cases of influenza among participants and officials, no
spread to other participants or officials was identified.
We considered the risk of contracting influenza for EU
visitors and/or participants as low during the enhanced
surveillance period.

Rift Valley fever

There was an ongoing large nationwide outbreak of Rift
Valley fever during 2010 in South Africa and there had
been some concerns regarding the risk for EU tourists
contracting the disease following reports of a German
visitor who was thought to have been infected in the
country before the start of the event [14]. ECDC moni-
tored Rift Valley fever during the enhanced surveil-
lance period using information regularly provided by
the NICD and through media reports. However, all con-
firmed cases were reported in non-tourist areas and in
individuals who had had direct contact with infected
animal tissue (farm workers, as a result of occupational
exposure). The German case was later discarded by the

www.eurosurveillance.org

national authorities following a subsequent diagnosis
of rickettsial infection [15].

Meningococcal disease

Meningococcal disease in South Africa occurs normally
in sporadic outbreaks, mainly during droughts, dry and
dusty conditions or winter seasons, with a predomi-
nance of Neisseria meningitidis serogroup B and W135.
Media attention on this had been particularly intense
shortly before the 2010 World Cup following the death
due to meningococcal meningitis of a well-known local
opera singer who was scheduled to perform during the
opening ceremony [16]. Because of the risk of infection
for unvaccinated visitors, vaccination against menin-
gococcal disease was recommended for visitors and
participants before the event by the NICD [13]. Updated
information about new cases of meningitis was regu-
larly published online by the NICD during the enhanced
surveillance period and was included in the daily ECDC
bulletin. No cases were reported among visitors and
participants.

Measles

There was an ongoing measles outbreak in South Africa
during the 2010 World Cup: it began in the second half
of 2009, with more than 15,000 cases reported by July
2010 [10-12]. ECDC closely followed the situation in the
country through regular updates provided by the NICD,
taking into consideration the likelihood of unvaccinated
visitors contracting the virus and the risk of exportation
of cases to non-endemic countries. The NICD informed
ECDC that there had been a mass vaccination campaign
before the event. Measles updates were included in
the daily ECDC bulletins in order to draw the attention
of EU national health authorities to the importance of
vaccination for EU citizens visiting South Africa. ECDC
also informed the general public about the need for
vaccination through the ECDC website, both before
and during the MG. Sporadic cases were also reported
in unvaccinated Australian visitors returning from the
event [17,18]. In September 2010, health authorities
in Argentina, a country that has been measles free
since 2000, issued public health alerts after confirmed
local transmission of measles virus suspected to be
linked to measles cases in citizens who visited South
Africa during the 2010 World Cup [19]. Other measles-
free countries in South America including Brazil and
Uruguay also issued public health alerts for measles in
the following months [20,21].

Malaria

The risk of contracting malaria in South Africa was con-
sidered very low by the NICD and ECDC for participants
and visitors, partly because the venues for the games
were outside risk areas with high transmission and
partly because the games took place during the low-
transmission period. Two fatalities due to malaria were
reported in South Korean members of an international
dance group visiting South Africa before the World Cup
[22]. This report led to increased media attention on the
risk of malaria in South Africa. The NICD confirmed the
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TABLE 3

Detected or monitored public health events during the 2010 FIFA World Cup, South Africa, 7 June-16 July 2010 in

participating countries and their relevance for the event

Event, country Source Description

Hepatitis A, the | Media reports (MedISys
Netherlands alert)

An increase in the number of cases
was reported in Zeeland province

ECDC actions and assessment
of relevance for the event

Validation through the national health authorities:
two separate clusters confirmed among travellers
abroad (not South Africa). No relevance for the
2010 World Cup.

Legionnaires’ Media reports (MedISys
disease, Spain alert)

Qutbreak reported in Alcoy

Validation through the national health authorities:
confirmation of a local outbreak with no history of
travelling. No relevance for the 2010 World Cup.

Media reports (MedISys

Measles, Italy alert) in Sicily

Increased number of cases reported

Validation through web-based information. At least
three outbreaks identified, control measures taken
(no travel history). No relevance for the 2010 World
Cup.

Measles, Greece | Media reports [32]

A relevant increase in the number of
cases was reported in Greece

Validation through national health authorities.
Possible relation with cases in Bulgaria. No
relevance for the 2010 World Cup.

Media reports (MedISys

Dengue, Italy alert), [33]

present

An imported case was reported in an | Validation through local health authorities’
area where the competent vector is

website; the case travelled to South- East Asia. No
relevance for the 2010 World Cup.

Anthrax, United

E:]rizj;r:n aigd Official reports [34],
mermany, (MedlSys alert)
injecting drug

users

Cases reported since December 2009.
By the end of the World Cup, 47 cases
had been identified, with 13 fatalities

Any update during the enhanced surveillance
period for 2010 FIFA was validated through local
authorities and shared with ECDC disease experts
for analysis. No relevance for the 2010 World Cup.

ECDC: European Centre for Disease Prevention and Control; FIFA: Fédération Internationale de Football Association.

The enhanced surveillance period was from 7 June to 16 July 2010.

MedISys, developed at the Joint Research Centre of the European Commission, is an Internet-based system that continuously monitors
specialist medical sites and news sites to rapidly identify potential threats to public health.

low level of risk as initially assessed and indicated that
the two cases were thought not to have been infected
in South Africa.

Canine rabies

Ten cases of canine rabies were reported in
Metropolitan Johannesburg by the NICD [23]. However,
the authorities considered the occurrence of rabies to
be of limited public health concern, with post-exposure
prophylaxis confirmed as being readily available [10-
12,24]. Nonetheless, ECDC included the information
about the canine cases in the daily ECDC bulletins to
raise awareness among national health authorities
about the potential risk of exposure for EU visitors. In
September 2010, the NICD confirmed a human local
case of rabies in Johannesburg in a child with onset of
symptoms in August, which was linked to the animal
cases reported during the previous weeks in the same

city [25].

Food-borne illness

The NICD issued advice for travellers regarding food
safety and recommending caution when purchasing
food from street vendors or other food outlets. There
were two isolated outbreaks of food-borne illness
occurring at game venues during the enhanced sur-
veillance period without serious effects, reported first
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by the media [26,27] and later confirmed by NICD: one
with Bacillus cereus as the causative agent, the other
with unknown aetiology [11-12].

Potential public health incidents in
participating countries during the 2010 World
Cup

We considered six events as being of potential public
health risk at EU level during the enhanced surveil-
lance period (hepatitis A, Legionnaires’ disease, mea-
sles (in two countries), dengue and anthrax) but none
were deemed relevant for the World Cup (see short
description in Table 3).

Potential public health incidents in non-
participating countries during the 2010 World
Cup

ECDC detected or monitored six public health events
of potential EU concern in non-participating countries,
which were not deemed relevant the event (see short
description in Table 4).

Discussion

ECDC seeks to protect EU/EEA citizens from infec-
tious diseases through early detection, monitoring
and assessment of public health signals in the EU/
EEA and worldwide. In the case of large MGs attracting

www.eurosurveillance.org



TABLE 4

Public health events detected or monitored during the 2010 FIFA World Cup, 7 June-16 July 2010, in non-participating

countries and their relevance for the event

Event, country

Source

Description

ECDC actions and assessment of relevance for the

National health authorities

This event was already being
monitored by ECDC before the 2010

event

The outbreak started in 2009 and was monitored

South Africa)

authorities, media reports
(MedISys alert)

Measles, X World Cup. From January 2010 to X S
Bulgaria Eﬁnsgageg':lgfsorts the end of the event, the cumulative ?}?ep:;gwgﬁdc Ezutme activities. No relevance for
Y number of cases was of 21,180 (with P
20 deaths).
At the end of the 2010 World Cup, 413 The monltorl.ng of [.)OIIO[ny.elltIS.WOFIdWIdf! |‘s'part
- . of ECDC routine epidemic intelligence activities.
. L. Official reports [36], cases of WPV1 had been reported in . K .
Poliomyelitis, . . P A Considering the risk of appearance of the disease
4 media reports (MedISys 2010 in Tajikistan (76% of the cases . N . S . .
worldwide alert) worldwide). Local media reported in the EU, special epidemic intelligence attention
o P was dedicated to Tajikistan and Russia. No
cases in Russia.
relevance for the 2010 World Cup.
Special emphasis was dedicated
to southern hemisphere activity.
Durmg'the period cov'ered, most In addition to ECDC routine monitoring, we selected
WHO [31], personal countries had sporadic to low activity. : h .
Influenza, S N . N three countries as sentinel sites (New Zealand,
X communication Circulation of influenza A(H3N2) . . ] .
worldwide . . X Singapore and Australia) with well-established
. from national health and A(H1N1) viruses was described ! . .
(excluding surveillance systems in order to closely monitor the

in several areas of Central and

South America; limited activity was
described in Africa; in Asia, the main
circulation was reported in Malaysia,
Singapore and south-west India.

activity in the southern hemisphere. No relevance
for the 2010 World Cup.

Personal communication

Central and South American countries

The monitoring of relevant dengue outbreaks
worldwide is part of ECDC routine epidemic

reports (MedISys alert)

\[/)virr‘lgdl\l/\?i’de ;rftrﬂoﬁiﬁg)snaélzg?;tre orts | Were particularly affected, but no intelligence activities, considering the risk of
(MedISys aiert) P unusual situation was reported. locally acquired cases in Europe. No relevance for
y the 2010 World Cup.
Plague, Media reports (MedISys Several media reports about an ECDC valldatedlthe information through WHO‘ The
Mvanmar alert) outbreak in Rangoon (Myanmar) event was considered very unusual but without
y g y : implications for the 2010 World Cup.
Several media reports about cases ECDC validated the information through its
ProMed [37], media confirmed amon pmilitar ersonnel epidemic intelligence network. The source
Plague, Syria 371 8 yP was found to be unreliable and no cases were

in Syria, where no case has been
described in the previous 4o years.

confirmed by authorities. No relevance for the 2010
World Cup.

ECDC: European Centre for Disease Prevention and Control; EU: European Union; FIFA: Fédération Internationale de Football Association; WHO:
World Health Organization; WPV1: wild poliovirus 1.

The enhanced surveillance period was from 7 June to 16 July 2010.

MedISys, developed at the Joint Research Centre of the European Commission, is an Internet-based system that continuously monitors

specialist medical sites and news sites to rapidly identify potential threats to public health.

participants from all over the world, public health may
benefit from specific surveillance activities directed at
infectious diseases and other health risks during the
event. ECDC carried out enhanced event-based sur-
veillance for the 2010 World Cup to maximise timely
detection and risk assessment communication to EU
stakeholders concerning relevant infectious diseases
circulating among participants at the tournament or
occurring globally. Timeliness was achieved by using
both official and non-official information sources. The
gathering of information was made effective through
a daily process making use of a tailored web-based
screening tool (MedISys).

www.eurosurveillance.org

There are limitations on the use of public sources and
web-screening tools for event-based surveillance. The
detection of public health events from official sources
is possible but is dependent on the information being
made available regularly and in a timely manner in the
public domain, e.g. as regional or national surveillance
reports (as undertaken by the NICD during the World
Cup). When information is gathered from non-official
sources, such as the media, the reporting of isolated
cases or outhreaks relies solely on what captures the
interest of reporters/journalists, e.g. a disease that
occurs in a high-profile individual or a public health
rumour with political or economic implications. Thus it
is important to take into consideration that reports of
public health events detected through web-aggregators
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using media sources can only be a complement to what
is detected through mandatory event-based surveil-
lance, such as the International Health Regulations
(IHR) or the EU’s Early Warning and Response System
(EWRS) , together with traditional indicator-based sur-
veillance used in national and international disease
surveillance systems. Nonetheless, the advantage
of reports from non-official sources, if corroborated
after validation from official sources, is that they can
provide a timely indication of a possible public health
threat or can assist in directing corrective public health
communication.

Our gathered and validated information was shared
with all relevant decision-makers in EU Member States
as well as the international community through our
daily bulletins during the entire enhanced surveillance
period. The enhanced surveillance by ECDC offered a
rumour-control function as well, exemplified by a sup-
posed plague outbreak in Syria (Table 4), which was
reported by the media but quickly discarded after
examination of information from the ECDC El network.

There were no international or local events posing
serious risk to the World Cup during the surveillance
period apart from the ongoing local measles out-
break, which also affected visitors. The subsequent
detection of measles cases in several countries after
the World Cup, with secondary transmission in some
places, clearly demonstrated the risk of exportation of
vaccine-preventable diseases through visitors return-
ing from a hosting country. This pattern was previ-
ously reported following a MG when measles occurred
among residents of British Columbia, Canada, after the
Winter Olympic Games in Vancouver in 2010, leading to
the first major outbreak of the disease in the province
since 1997 [28].

Regarding the other reported diseases, the major-
ity of cases were community-based or local sporadic
cases. Influenza activity was low to moderate and fol-
lowed the seasonal trends in the country. There was an
expected seasonal activity of meningococcal disease,
with sporadic cases in the local population [29].

We also monitored media reports, later confirmed,
about individuals in Pretoria being in possession of
radioactive materials (caesium-137) and trying to sell it
for the production of a dirty bomb during the tourna-
ment, but this was not considered a risk for the event

[30].

Although no major relevant public health events related
to the World Cup occurred, ECDC considers the invest-
ment of technical preparations and workforce time
used in the enhanced surveillance during the World
Cup to be justified. The targeted activities carried out
by the ECDC EI team during the World Cup allowed the
accurate and timely identification and analysis of pub-
lic health risks during the event for the entire EU/EEA
community, thus saving resources for the individual EU
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Member States. Additions to MedISys continue to be
used beyond the specific filters of the 2010 World Cup
and contacts and collaboration with public health part-
ners are a long-term legacy for El activities.

Furthermore, ECDC’s enhanced surveillance activi-
ties provide an additional safety net to that of other El
actors at an international level, e.g. the Global Public
Health Intelligence Network (GPHIN), HealthMap, PULS
(an automated news media monitoring platform) and
WHO. Redundancy among El systems provides an
added safety system for global public health security.

Conclusions

The enhanced El activities by ECDC during the 2010
World Cup, together with the close collaboration of the
NICD and WHO, allowed the detection, assessment and
communication of relevant health threats potentially
affecting EU Member States. Tailored El surveillance for
large international MGs should continue as a core func-
tion for ECDC. From each MG experience, ECDC learns
how to improve its El procedures, provide a sound
basis for how to best support EU Member States and
hosting countries worldwide and broaden the exist-
ing knowledge base for future MGs. The added value
of the ECDC El support for the national authorities in
the hosting countries can vary considerably depending
on existing surveillance systems and national surveil-
lance capacities. It is important to define which tools
to use for gathering information, to identify specific
filtering criteria in collaboration with the authorities
in the hosting countries and to clarify the information
flow among the public health partners.
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Non-travel-related hepatitis A is rare in Canada. We
describe a hepatitis A outbreak investigation in British
Columbia in February to May 2012 in which exposure
history was collected from nine confirmed non-travel-
related cases. Suspected foods were tested for hepa-
titis A virus (HAV): a frozen fruit blend was identified
as a common exposure for six of the nine cases using
supermarket loyalty cards. Consumption of the prod-
uct was confirmed in each case. Genetic analysis con-
firmed HAV genotype 1B in the six exposed cases. Of
the three non-exposed cases, the virus could not be
genotyped for two of them; the virus from the other
case was found to be genotype 1A and this case was
therefore not considered part of the outbreak. HAV
was detected by PCR from pomegranate seeds, a com-
ponent of the identified frozen fruit blend. Historically
low levels of HAV infection in British Columbia trig-
gered early recognition of the outbreak. Loyalty card
histories facilitated product identification and a trace-
back investigation implicated imported pomegranate
seeds.

Background

The annual number of reported cases of hepatitis A
have consistently decreased in the past decade in
British Columbia (BC), Canada, due to improved stand-
ards of hygiene and sanitation and provincially funded
hepatitis A immunisation for high-risk groups, includ-
ing people with chronic liver disease, chronic hepatitis
B and C, people who inject drugs and men who have
sex with men [1] and post-exposure prophylaxis [2].
in 2010-2011, 30 out of 45 cases reported in BC, were
related to travel to countries where hepatitis A remains
endemic [3].

Hepatitis A virus (HAV) is primarily spread by the fae-
cal-oral route, either through direct contact or through
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ingestion of contaminated food or water. The incuba-
tion period is 15—-50 days. Some infected persons have
mild or no symptoms, while others may experience
moderate to severe symptoms over weeks or months
including fever, dark urine, loss of appetite, malaise,
vomiting, pale stools, abdominal pain and/or jaundice

[4].

Outbreaks may occur as a result of a food handler at
a food establishment being infected; widespread food-
borne outbreaks have been associated with uncooked
or fresh food contaminated before distribution [5,6].
Epidemiological evidence (supported by identical
molecular sequences among the cases) has implicated
a variety of foods in outbreaks, for example, green
onions, semi-dried tomatoes, blueberries and frozen
strawberries [5,7-11]. Laboratory confirmation of HAV
contamination of vegetables and fruit is rare, in part
due to low viral loads in many foods [12,13]. Molecular
subtyping has improved the ability to detect outbreaks
caused by HAV [14].

In 2012, an investigation was launched following the
identification of three non-travel-related hepatitis A
cases within one week in one of BC’s five geographi-
cally based health authorities, compared with 10 hepa-
titis A cases in the affected HA in the previous year,
six of which were related to travel to endemic countries
[3]. This paper describes the investigation of the out-
break which, despite its small size, was rapidly epide-
miologically linked to a specific food product. Although
genotypic matching to the cases was not possible, HAV
was subsequently confirmed in a component of the
implicated product.
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Methods

Outbreak case definition

The initial outbreak case definition included residents
of BC who had laboratory-confirmed acute HAV infec-
tion (IgM antibodies to HAV and acute illness with
discrete onset of compatible symptoms and jaundice
or elevated serum aminotransferase levels, in the
absence of recent HAV vaccination) since 1 January
2012 AND no history of travel to an HAV-endemic
country in the 5o days before onset of symptoms. The
case definition was modified as additional laboratory
and exposure data became available. The final case
definition (used in this paper) was established in the
seventh week of the outbreak and included a possi-
ble case (laboratory-confirmed non-travel-related HAV
infection) and a confirmed case (HAV genotype 1B with
matching sequencing results).

Sample collection and testing

Sera were screened for anti-HAV IgM by Siemens Advia
Centaur HAV IgM (Siemens, Canada) and if positive,
the result was confirmed on a second platform, Abbott
Architect HAV IgM (Abbott, Canada). Dual enzyme
immunoassay IgM samples were sent for HAV geno-
typing to the National Microbiological Laboratory in
Winnipeg, Manitoba. HAV RNA was amplified by nested
PCR using primers targeting the VP1-2A junction of the
HAV genome (F1, 50-GAC AGA TTC TAC ATT TGG ATT
GGT-3’, 2,870-2,894; R1 50-CCA TTT CAA GAG TCC ACA
CAC T-30, 3,382-3,360; F2, 50-CTA TTC AGA TTG CAA
ATT ACA AT-300; 2,896-2,918; R2, 50-AAC TTC ATT ATT
TCA TGC TCC T-30, 3,189-3,169). Primers were based
on GenBank accession number M14707 HAV wild type.
Amplicons were sequenced on an AB 373 XL genetic
analyzer (Applied Biosystems) using BigDye v.3.1
Terminator chemistry. MEGA 5.2.1 software version
was used to determine the best-fit nucleotide substitu-
tion model for the current HAV sequences. Maximum
Likelihood analysis was done by the recommended
Tamura-Nei distance model using the discrete gamma
distribution with default rate category 5 (+G) and mod-
eled for invariant sites (+1) [15]. Meaningful taxonomic
relationships were obtained by bootstrap resampling
analysis (200 replicates).

Investigation of possible source

A provincially standardised questionnaire, focusing on
common food shopping and dining experiences, was
administered by telephone to cases. Case follow-up
included evaluation of household and other contacts
for symptoms and assessing the need for post-expo-
sure prophylaxis. Based on an initial hypothesis that
the common agent was a food product distributed only
within the affected region, an enhanced questionnaire
was then administered, again by telephone, further
exploring locally produced and distributed food items.

In addition, authorisation was obtained from cases

who shopped at major supermarket chains for those
chains to release detailed shopping histories via the
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FIGURE 1

Location of non-travel-related hepatitis A cases reported
to public health authorities, British Columbia, Canada,
February-May 2012 (n=9)

Vancouver-
Coastal

Vancouver
Island

0 10 20 30 40 km

= W

’m:t.s.
) ¥
- &

Britis
Colu

United States
L

The dots are oversized and represent the approximate place of
residence of cases. They are offset by up to 500 m to avoid
identification of the cases. The cases are numbered in order
of the dates in which they were reported to the local public
health authority. The first seven were reported in Fraser Health
Authority, followed by one each in Vancouver Island (Case 8) [29]
and Vancouver Coastal Health Authorities (Case 9).

. Genotype 1B outbreak sequence

. Genotype 1A

PCR negative

cases’ store loyalty cards. Shopping histories going
back three months were analysed to include products
with an extended refrigerated or frozen storage life.

An investigation of the plant that produced the impli-
cated food product included a review of shipping and
purchase invoices, bills of lading (a legal document
describing the merchandise in a shipment, confirm-
ing ownership and identifying the recipient), sources
of ingredients and production records to determine
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FIGURE 2

Timeline of non-travel-related hepatitis A cases reported to public health authorities, British Columbia, Canada,

February-May 2012
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production dates, worker travel and illness histories
and distribution details of the product.

Several packages of the implicated product were
tested: one open and one closed package from homes
of two of the cases and a composite of five packaged
units of the product obtained from the production facil-
ity. Samples of three of the four individual ingredients
of the product from the manufacturer were available
and tested for HAV by the Canadian Food Inspection
Agency. Testing of implicated food products was con-
ducted using magnetic cationic beads to capture and
concentrate the viruses. Extracted viral RNA was sub-
jected to a reverse-transcription PCR assay for HAV
detection and quantification by real-time PCR.

Results

Detection of the outbreak

The investigation was triggered during the first week
of March 2012, when three non-travel-related hepatitis
A cases (Cases 1-3), residing in three different munici-
palities in BC located in one health authority, were
identified within a week, based on laboratory reports
to the local public health authority and subsequent
public health follow-up (Figure 1). Three more cases
(Cases 4—6) from three more municipalities in the same
health authority were identified in the following two
weeks (Figures 1 and 2). A further two cases (Cases 7
and 8) were identified later in March and a final case
(Case 9) in May.

During this investigation, there were a total of nine
possible outbreak cases (laboratory-confirmed HAV
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infection with no travel history). Symptoms included
fever, nausea, abdominal pain, diarrhoea and jaun-
dice; the onset dates ranged from the second week of
February to the last week of April 2012. Dates of labo-
ratory reports to the public health authorities ranged
from the fourth week of February to the second week of
May. Two cases were hospitalised.

Of the nine possible cases, six reported consumption
of a frozen fruit blend; three did not. Analysis of the ini-
tial standard and enhanced questionnaire from these
cases did not reveal any common activities, food pur-
chases or consumption history above what would be
expected for the general public.

Identifying the implicated food product

Food purchase histories obtained from the initial six
possible cases showed that the majority (n=5) had
shopped for groceries at a major chain of affiliated
supermarkets. Analysis of loyalty card use indicated
that three of the six cases had purchased the same fro-
zen fruit blend at that retail chain. Consumption or not
of the product was confirmed by interview for all six
cases.

The outbreak team asked the chain to provide further
details on production and distribution of this prod-
uct in the third week of March 2012. It was a blend
of raw frozen fruit (blueberries, strawberries, dark
cherries and pomegranate seeds) in a 600 g package
produced under a private house label for the super-
market chain and distributed to their stores in BC and
the neighbouring province of Alberta. Multiple lot
codes had been purchased by the cases. The chain
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described the product as relatively uncommon, with
sales of approximately 56,000 units of the product to
31,000 households throughout the two provinces dur-
ing the four months before the query. With an average
household size of 2.5 [16] and a total population of 8
million [17], approximately 1% of the population in the
two provinces would have lived in households that had
purchased the product.

Detection of further cases

By the end of March, a further two cases of hepati-
tis A who had consumed the frozen fruit blend were
reported (Figure 1): one in the same health authority
as the previous cases (Case 7) and the other, a food
service worker, in another health authority (Case 8).
Although only one genotype result was available at
this time, based on the epidemiological information
from cases and a product risk assessment conducted
by the BC Centre for Disease Control in collaboration
with the health authority in which the majority of cases
occurred, a general public health advisory was issued
on 5 April 2012 by the BC Centre for Disease Control
[18]. This advisory included information that the prod-
uct was available for sale or could be in the consum-
ers’ homes. Later the same day, the Canadian Food
Inspection Agency also issued a Class | (high risk)
Health Hazard Alert recalling the product [19,20]. This
indicates a high risk that eating or drinking the prod-
uct can lead to serious health problems [19,21]. This
was triggered by a health risk assessment conducted
by Health Canada consistent with weight of evidence
standards [21] and based on the epidemiological infor-
mation provided and collated by the health authorities
and the BC Centre for Disease Control [20].

A final non-travel-related hepatitis A case (Case 9),
who confirmed consumption of the implicated product,
was identified in another health authority six weeks
after the product recall, bringing the total number of
possible outbreak cases to nine, six with the exposure
and three without the exposure.

The six exposed cases were classed as confirmed out-
break cases, as they were found to be infected with
HAV genotype 1B with matching genetic sequences.
The sequence of the first identified case (H12-1327)
used as a reference sequence for the outbreak has the
GenBank accession number KF947077. Three of the
six confirmed cases were male and three female. The
median age was 32 years (range: 19—49).

Of the three non-exposed cases, the virus could not
be genotyped for two of them; the virus from the third
case was found to be genotype 1A and was therefore
excluded as an outbreak case. There were no second-
ary cases. The outbreak strain was compared with
available HAV strains from the United States (US) as
well as some European strains in GenBank available at
that time and was found to be unique (Figure 3).
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FIGURE 3

Phylogenetic tree derived from sequences of the VP1-P2A
junction of the hepatitis A virus genome of the 2012 British
Columbia, Canada, outbreak strain and reference strains
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Neighbour-joining phylogenetic tree showing the relationship
between the British Columbia HAV outbreak strain with reference
HAV strains (recent European and US HAV 1B sequences from
GenBank and all Canadian genotype 1B samples from 2012 to
2013). Note that the stool sample H12-2893 and serum sample
H12-2835 are from the same patient. HAV genotype 1A sequence
(686-04-CDN-ON-373) located at the bottom of the tree is
included as an outlier.
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Public health measures

A general post-exposure immunisation campaign was
initiated in April 2012 for individuals who had con-
sumed the frozen fruit blend within two weeks, with
a targeted campaign directed to customers potentially
exposed to the virus through the case who worked at a
food establishment (Case 8). These vaccinations were
offered through the local public health authorities
and communicated through news releases to media
channels.

The plant that produced the frozen fruit blend was a

federally registered facility located in the same region
of BC as the majority of possible cases and subject to
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regular inspection. Incoming products at the plant were
routinely screened for bacterial contamination but not
for viral pathogens. Investigation revealed the blueber-
ries and strawberries in the implicated product were
also used in a variety of other frozen products sold by
several retailers under multiple brand names. The fro-
zen fruit blend was the only one produced at the facil-
ity that contained cherries or pomegranate seeds. The
cherries were imported from a supplier in Washington
State in the US and the country of origin was not
identified. The last shipment was received about four
months before symptom onset of the first case. A ship-
ment of pomegranate seeds used in the product was
received 11 months before the outbreak from a supplier
in Egypt. Records indicated that the Egyptian supplier
had made only this single shipment to Canada in the
previous year. These pomegranate seeds were used
briefly upon arrival and then a switch was made to a
US product. Use of the Egyptian product resumed when
the US product ran out six months before the outbreak.

The investigation confirmed that the plant had a writ-
ten staff illness policy requiring all ill staff to be off
work (in context of food safety, illness was defined
as gastrointestinal illness or any other illness that
impedes the maintenance of good personal hygiene,
such as respiratory illness). No staff illness relevant
to food safety was reported in the 50 days before a
site visit to investigate the outbreak in the first week
of April. However, some of the workers at the manu-
facturing facility had a history of recent travel to HAV-
endemic areas. Use of gloves, hairnets and gowns
was mandated for production area staff and hand
hygiene stations were readily available. Direct hand-
to-product contact during packaging occurred only to
remove unacceptable or poor-quality products from
the packaging line. There was no HAV vaccination pro-
gramme for workers but the hygiene conditions, pro-
cedures and processes observed during investigation
were assessed as adequate to minimise the risk of HAV
transmission from a potentially infected worker to food
products.

Workers typically packaged multiple products for vari-
ous clients on any given day. The suspect frozen fruit
blend was produced to order for the supermarket
chain. Each product order, estimated to be about two
weeks apart, would take about two hours to package.
The product was then sent to the chain’s distribution
warehouse, from where in turn it was distributed to
their stores. The retailer voluntarily removed remain-
ing stock of the product from sale, without public
notification, the day before it was recalled, when they
became aware from investigators that the product was
under increased scrutiny as a possible source of this
outbreak.

HAV was not identified in any packaged samples but
was confirmed by PCR in one lot of pomegranate seeds
obtained from the manufacturer of the frozen fruit
blend; however, genotype analysis was not successful.
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Discussion

Some of the largest food-borne outbreaks of hepatitis A
in industrialised countries have been traced to produce
[5]. As frozen fruit has a long shelf life (up to a year)
and HAV has a long incubation period (up to 50 days),
outbreaks may be identified only after large numbers
of people have been exposed [4]. Outbreaks due to
HAV-contaminated frozen fruit have recently been the
cause of considerable morbidity: in April 2013, frozen
strawberries were implicated in more than 70 cases of
HAV infection in four Nordic countries [22,23] and as
of 21 June 2013, an outbreak investigation in the US
associated with a frozen berry and pomegranate mix
confirmed 120 cases of HAV infection in eight states, of
whom 54 (45%) were hospitalised [24].

HAV infection is a reportable communicable disease
in BC and cases are routinely reported to the pub-
lic health authorities. Low background rates of HAV
infection, timely identification and reporting and well-
communicated follow-up protocols that are used rou-
tinely in investigating cases of HAV infection in BC
allowed early identification of this outbreak. In the
previous year, there were 10 hepatitis A cases in the
health authority mostly affected, six of whom were
related to travel to HAV-endemic countries. Suspicion
was raised in BC when three non-travel-related cases
were noted in one health authority in one week; in the
end, only one of the initial three cases was linked to
the outbreak.

Case-control studies are the classical analytical study
for food-borne outbreaks. In this outbreak, the weight
of epidemiological evidence was deemed sufficient to
implicate the frozen fruit as the cause of the outbreak
and to trigger a product recall without resorting to an
analytical study [21]. The two confirmed cases identi-
fied after the recall reported consumption of the fro-
zen fruit blend. Of the three possible outbreak cases in
which consumption of the product was not confirmed,
one was identified to be infected with HAV genotype 1A
and the other two remained possible cases as the HAV
sequences could not be genotyped.

Published outbreaks of hepatitis A that have identi-
fied the virus in a specific product are generally much
larger than this outbreak [22,24]. Identification of
a specific food source can be difficult in outbreaks
because of poor food history recall by cases following
the long incubation period and the difficulty identify-
ing HAV in food products. Use of loyalty card data from
cases allows a more accurate food purchase history to
be obtained than is possible through interviews [25].
Although these data cannot provide information on
actual consumption, they can be used to supplement
the interviews, to improve recall. Cooperation with the
supermarkets was facilitated by well-established local
processes [25] for obtaining food purchase histories
and good working relationships between the provin-
cial and regional health authorities as well as with the
retailers.
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Blends that contain a variety of fruits from a variety
of sources are a challenge in terms of identifying a
particular component that may be the source. In this
outbreak in BC, identification of a specific cause was
further complicated by the fact that some of the work-
ers at the manufacturing facility had a history of recent
travel to HAV-endemic areas. However, although sev-
eral different products were manufactured each day
at the facility and all the workers worked on multiple
production lines, only the frozen fruit blend was impli-
cated in the outbreak. Follow-up by the Canadian Food
Inspection Agency determined that the contamination
was unlikely to be linked to activities at the federally
registered facility where the product was assembled.
The investigation then focused on the cherries and
pomegranate seeds, which were exclusive to the impli-
cated product: HAV was detected in a sample of the
source pomegranate seeds used in the product.

Genotypic confirmation of the virus in the food product
could not be obtained, but this is consistent with other
outbreaks where HAV sequencing has only occasion-
ally been successful [10,26]. Very low viral load in the
product may explain our inability to obtain genotypic
confirmation and the very low number of cases in the
approximately 31,000 potentially exposed households.
Although the genotype was not ascertained, we con-
sider that this outbreak was probably due to contami-
nation of the pomegranate seeds. This is consistent
with the suggestion of Hida et al. that water quality
and handling procedures after harvest may play a role
in disease transmission [13]. The geographical distri-
bution of the cases was not consistent with the much
broader geographical distribution of the implicated
product. This delayed source attribution as the inves-
tigation initially considered only locally distributed
products. Ultimately, no pattern of production or dis-
tribution could explain why most of the outbreak cases
were restricted to one health authority within BC.

In Canada, over 90% of hepatitis A cases from whom
the virus is typed are genotype 1A, with HAV genotype
1B making up less than 10% [27]. Recent outbreaks of
hepatitis A associated with frozen fruits in Nordic coun-
tries and the US have likewise been 1B. Genetic similar-
ity between these and the BC HAV 1B strain was high:
98.7% with the Danish, 98.6% with the Norwegian and
99.2% with the US strains. Although based on 373
nucleotides from the VP1-2A region, there was no boot-
strap support for phylogenetic relatedness (Figure 3).

The very low number of cases in this outbreak, despite
widespread purchase and probable consumption of the
product, led to challenges in determining the appropri-
ate response, both in terms of public messaging and
offering vaccination. Approximately 3,000 vaccines
were given in response to exposure to the food ser-
vice worker and between 300 and 340 vaccines across
the province in response to the alert for the implicated
product. One confirmed case consumed the product
after the recall had been issued, suggesting incomplete
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penetration of public health messaging. While the num-
ber of annual reported cases of hepatitis A is low in BC,
seroprevalence of anti-HAV antibodies is also low [28],
leading to the ongoing potential for outbreaks.
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On 5 May 2013, based on the advice of the International
Health Regulations Emergency Committee and its
expert advisors, the World Health Organization (WHO)
declared that the situation related to the international
spread of wild poliovirus constitutes a Public Health
Emergency of International Concern (PHEIC) [1].

The declaration followed an assessment of the polio-
virus situation in 2014 as of 26 April and included
updates from countries affected, namely Afghanistan,
Cameroon, Equatorial Guinea, Ethiopia, Israel, Nigeria,
Pakistan, Somalia and the Syrian Arab Republic. It con-
cluded that the current situation required coordinated
international response because this situation could
result in failure to eradicate polio globally.

Currently 10 countries worldwide are affected by active
transmission of polio: Afghanistan, Equatorial Guinea,
Ethiopia, Iraq, Israel, Somalia and Nigeria, with three
of them Cameroon, Pakistan and Syria and Cameroon,
having exported polio cases in 2014.

Based on advice from the Emergency Committee, the
WHO issued temporary recommendations under the
International Health Regulations (IHR 2005) to reduce
the international spread of wild poliovirus, effective
from 5 May 2014, for ‘States infected with wild polio-
virus but not currently exporting’ and ‘States currently
exporting wild polioviruses’.

For the exporting countries WHO’s temporary recom-
mendation is to ensure that residents and long-term
visitors receive a dose of oral poliovirus vaccine (OPV)
or inactivated poliovirus vaccine (IPV) four weeks to 12
months before international travel.

The European Centre for Disease Prevention and
Control has assessed the risk of polio importation for
Europe and published regularly updated risk assess-
ments on its website [2].
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The eighth European Scientific Conference on Applied
Infectious Disease Epidemiology (ESCAIDE) will take place in
Stockholm, Sweden from 5 to 7 November 2014.

As every year, ESCAIDE 2014 will bring together public
health professionals from Europe and the rest of the world
to present and discuss developments in infectious disease
prevention and control.

The call for abstracts for the conference is now open, and
abstracts can be submitted via the dedicated ‘call for
abstracts’ portal on the ESCAIDE website (http://www.
escaide.eu/). The closing date for submissions is 25 May
2014.

Abstracts are welcomed in all areas related to infectious
disease intervention, including epidemiology, public health
microbiology, surveillance, vaccinology and the application
of tools and methods to prevent and control communicable
diseases.

The final programme details and conference registration
instructions will be posted soon on the ESCAIDE website.

For further information, contact:
escaide.conference@ecdc.europa.eu
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