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Onchocerca lupi, a nematode parasite infecting dogs
and cats with a hitherto unknown arthropod vector,
is also being recognised as a parasite also respon-
sible for human eye infections. Here we describe a
case of human eye infection diagnosed molecularly by
nematode 12S rDNA PCR in a German patient who had
travelled to Tunisia and Turkey. The patient recovered
after treatment with antibiotic and anti-inflammatory
therapy.

In this report we describe an eye infestation with
Onchocerca lupi diagnosed in August 2014 by PCR in a
German patient who had previously travelled to Tunisia
and Turkey; the patient did not report a history of
trauma or insect bite in the ocular or periocular region.
O. lupiis an emerging nematode parasite found in dogs
and cats in southern Europe (Portugal and Greece),
central Europe (Germany and Hungary), and the United
States (US) [1].

Case description

In August 2014, a 28-year-old German patient pre-
sented at the Department of Ophthalmology and Eye
Clinic, University Hospital Erlangen-Niirnberg with a
painful localised swelling of the bulbar conjunctiva
supratemporally of the right eye, accompanied by
severe episcleral and conjunctival hyperaemia. The
swelling, mimicking a nodular scleritis, had developed
two months before. It subsequently increased in size,
became painful, and did not change under local and
systemic steroids. The symptoms were not accompa-
nied by fever or local lymphadenopathy. The patient
did not report any history of trauma or insect bite in
the ocular or periocular region, nor was animal con-
tact reported. The patient had travelled to Tunisia (in
June 2013, in the city of Sousse and its surroundings
along the Mediterranean Sea) and Turkey (in July 2012,
in the city of Alanya and its surroundings along the
Mediterranean Sea). Visual acuity, intraocular pres-
sure, anterior chamber, vitreous body, and the fundus
of both eyes were normal. Inflammatory parameters
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FIGURE 1

Macroscopic image of the Onchocerca lupi nematode
removed from the eye of a German patient, August 2014

Recovered full subconjunctival specimen.
Magnification x 15.

and differential blood count were normal, but IgE was
elevated (167 U/mL; norm:<100). Slit lamp examination
revealed a subconjunctival mass that after careful exci-
sion appeared to be an inactive nematode (Figure 1).

Investigation of the cause of infection

The cuticle of the parasite showed external ridges
resembling the cuticular serration of Dirofilaria repens,
and ocular dirofilariosis was suspected. A nematode-
specific PCR targeting the 12S rDNA [2] was conducted
after DNA extraction from the removed parasite. The
393 bp amplicon was sequenced. BLAST analysis (www.
ncbi.nlm.hih.gov/blast) showed 100% nt identity with
0. lupi (GenBank accession number GU365879, canine
infection in Portugal) and a 99% sequence identity
with O. lupi from human infections in Iran and Turkey
(JN863696 and HQ207645, respectively). The sequence
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FIGURE 2

Molecular phylogeny of various Onchocerca species and other filaria species pathogenic for humans based on partial

sequences of parasite 125 rRNA genes
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The phylogenetic sequence tree was inferred using a Bayesian approach with 1,000,000 generations assuming the HKY model, and samples
were taken every 10oth generation. Bayesian posterior probabilities are given at the nodes and the scale bar is equal to 0.2 expected
substitutions per site. GenBank accession numbers of the sequences used are provided and Caenorhabditis elegans was chosen as
outgroup. The sequence of the specimen recovered from the patient’s eye (KP347443) is marked with asterisk. It clusters in particular
with Onchocerca lupi sequences from Portugal (canine infection, GU365879 (100% nt identity, 393 of 393 nt)) and Iran (human infection,
JN863696 (99% nt identity, 393 of 395 nt)), followed by those from Turkey (human infection, HQ207645 (99% nt identity, 373 of 375 nt)) and
California (canine infections, KC763783 (100% nt identity, 326 of 326 nt) and KC763784 (97% nt identity, 383 of 396 nt)).

from the patient’s isolate was deposited in GenBank
(KP347443) and clustered with European, Middle East,
and Californian O. lupi sequences from humans and
animals (Figure 2).

Follow-up of the patient

One month after this episode, a second, but smaller
subconjunctival swelling developed supranasally on
the same side. The mass impressed the retina, as
observed by funduscopy and echography. Again, there
was no lymphadenopathy and differential blood count
was normal. Surgical exploration and subsequent his-
tological examination revealed no obvious nematode
structures; however, PCR was again positive for O. lupi.
This discrepancy might be explained by the fact that
the PCR was performed from a different, not micro-
scopically examined part of the excised tissue than the
part which underwent histopathological examination.
Both lesions healed well under antibiotic therapy with
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topic tobramycin and cefuroxime in order to prevent
bacterial superinfection, and anti-inflammatory ther-
apy. lvermectin or albendazole were not administered
as complete resection was assumed.

Discussion

O. lupi is a nematode parasite infecting dogs and cats
with a hitherto unknown arthropod vector, usually
found in southern and central Europe and in the US;
it is also being recognised as a parasite responsible
for human eye infections. In dogs, nodular eye lesions
with gravid females and production of microfilariae
may develop [1]. The zoonotic significance of O. lupi
was first highlighted in 2002 in two suspected human
cases from Albania and Russia [3] that had occurred
close to regions where the parasite had been described
in a wolf and dogs [4]. Only recently, further and defini-
tive human infections have been described from 2011
onwards in Turkey [5-7], Iran [8], Tunisia [7], and the US



[9,10]. The clinical picture in humans is characterised
by the development of a bulbar subconjunctival nod-
ule [5-7,10]. In one case also multiple eye nodules were
observed [8]. An extradural infection with spinal cord
compression was seen in a 22-month-old girl [9]. The
presumed arthropod vector for O. lupi is unknown, but
might be a simuliid black fly in analogy to the biology
of Onchocerca volvulus [11], the agent of human river
blindness. Besides more infections reported in dogs
[1,4], several human eye infections with O. lupi have
been reported. Symptoms in humans and dogs are
strikingly similar, involving the eye and its appendices.
As demonstrated by our case and a previously reported
one [8], also multiple O. lupi nodules can occur during
human infection — either in parallel [8] or, as seen in
our case, successively. In the patient described here,
molecular methods unequivocally identified O. lupi as
the causative agent. The investigation of skin snips,
as taken for the detection of microfilariae in O. volvu-
lus infections and in canine O. lupi disease, has only
been reported in one human case with an O. lupi infec-
tion [9]. In that case, caused by a gravid female O. lupi
containing microfilariae, skin snips were negative. In
all eight clearly diagnosed human cases we found in
the literature, surgical excision led to a complete cure.
Only in two cases [9,10] additional anthelminthic drugs
(ivermectin and/or albendazole) were administered. In
one case dexamethasone was applied after surgery
and cryotherapy because of generalised urticaria [8].
The incubation time of the disease is unknown. In one
report, a ‘fly-bite’ on the eye had been described 30
days before manifestation of conjunctivitis and 58 days
before pain and swelling [5].

So far, in contrast to canine disease [1,4,12], defini-
tive human O. lupi infections have not been described
in Europe except for two cases living in Istanbul,
Turkey [5,7]. The nematode’s 12S rDNA sequence here
was identical to a sequence from O. lupi in dogs from
Portugal, and showed 99% similarities to sequences
derived from human cases in Turkey and Iran (2 nt
difference each in a stretch of 375 nt and of 395 nt,
respectively). The parasite had been detected in a local
dog from an animal shelter in Germany in 2002 [12],
however, the source of the dog’s infection remained
unclear. In theory, similar to a recent report on the first
autochthonous case of human dirofilariosis in Germany
soon after the detection of D. repens in German dogs
[13], the human O. lupi infection reported here could
have also been acquired autochthonously in Germany
— by a hitherto unknown vector, even though this
does not seem very likely. Tunisia and Turkey, coun-
tries with reported human infections [5-7] were vis-
ited by our patient 11 and 22 months before symptom
onset, respectively, and are more likely to have been
the places of infection. Due to increasing global travel
activities, international migration, and importation of
dogs, more cases of human O. lupi infections might be
diagnosed in the future.
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In accordance with the goal of the World Health
Organization Regional Office for Europe, the lItalian
national measles and rubella elimination plan aims
to reduce the incidence of congenital rubella cases
toless thanone case per 100,000 live births by the
end of 2015. We report national surveillance data for
congenital rubella and rubella in pregnancy from 2005
to 2013. A total of 75 congenital rubella infections
were reported; the national annual mean incidence
was 1.5/100,000 live births, including probable and
confirmed cases according to European Union case
definition. Two peaks occurred in 2008 and 2012 (5.0
and 3.6/100,000 respectively). Overall, 160 rubella
infections in pregnancy were reported; 69/148 women
were multiparous and 38/126 had had a rubella anti-
body test before pregnancy. Among reported cases,
there were 62 infected newborns, 31 voluntary abor-
tions, one stillbirth and one spontaneous abortion. A
total of 24 newborns were unclassified and 14 women
were lost to follow-up, so underestimation is likely. To
improve follow-up of cases, systematic procedures for
monitoring infected mothers and children were intro-
duced in 2013. To prevent congenital rubella, antibody
screening before pregnancy and vaccination of suscep-
tible women, including post-partum and post-abortum
vaccination, should be promoted. Population cover-
ageof two doses of measles-mumps-rubella vaccina-
tion of 295% should be maintained and knowledge of
health professionals improved.

Introduction

Rubellais anacute contagiousviralillness; if contracted
early in pregnancy, it can spread from the mother to
her developing baby and result in miscarriage, still-
birth or severe birth defects including deafness, blind-
ness, cataracts, heart defects and mental retardation
(congenital rubella). The risk of fetal malformation var-
ies according to the time of onset of maternal infection
and is estimated to be 90% for infants born to women
infected within the first 10 weeks of pregnancy [1].
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Rubella infection can be prevented by a safe and effec-
tive vaccine and the main aim of rubella control pro-
grammes is to prevent infection in pregnant women.
In accordance with the objectives of the World Health
Organization (WHO) Regional Office for Europe [2], the
Italian national measles and rubella elimination plan
aims to eliminate rubella (incidence to less than one
case per 1,000,000 live births) and reduce the inci-
dence of congenital rubella cases to less than one case
per 100,000 live births by the end of 2015 [3].

Congenital rubella prevention relies on maintaining
high levels of immunity (295%) in the general popu-
lation and on identifying and immunising suscepti-
ble women of childbearing age. This strategy allowed
the elimination of rubella in the WHO Region of the
Americas, where the last confirmed cases of endemic
rubella and congenital rubella syndrome (CRS) were
reported in 2009 [4].

In Italy, a monovalent rubella vaccine was first avail-
able in 1972; vaccination was initially recommended
only for adolescent females. The monovalent vaccine
was replaced in the early 1990s by the combined mea-
sles-mumps-rubella (MMR) vaccine and in 1999 uni-
versal vaccination with one dose of MMR vaccine was
included in the national immunisation programme. In
2003, when Italy approved the first national measles
and congenital rubella elimination plan, a two-dose
schedule was adopted in all regions. Currently, a first
dose of MMR vaccine is recommended at the age of 12
to 15 months and a second dose at 5 to 6 years of age.
MMR vaccination is also offered free of charge to all
susceptible adolescents and adults [5].

Uptake of one dose of MMR vaccine remained below
80% until 2002; uptake increased after implementa-
tion of the first national elimination plan (2003-07)
and national vaccination coverage assessed in children
at 24 months of age was 88% in 2013 [6]. Immunisation
coverage of adolescents and adults is not routinely



FIGURE 1

Notification flow for congenital rubella and rubella
infections in pregnancy in Italy
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measured in Italy; in 2008, an epi-cluster survey con-
ducted in 18 of the 21 Italian regions, found that rubella
vaccine coverage was 75% in 16 year-old adolescents

[7].

The national elimination plan recommends strengthen-
ing surveillance of rubella and congenital rubella cases.
In Italy, postnatal rubella has been a notifiable disease
since 1934, within a statutory surveillance system
including 46 other infectious communicable diseases
[8]; however, this system does not collect information
on pregnancy status or on congenital rubella cases.

A national surveillance system for congenital rubella
and rubella in pregnancy was implemented in 2005
[9]. This system is mandatory, passive, case-based
and relies on reporting by clinicians (it is not labora-
tory based). Data flow is shown in Figure 1. Clinicians
must notify suspected cases within two days to the
local health authorities, who in turn are responsible
for case investigations and monitoring newborns and
pregnancy outcomes over time. Separate notification
forms are used for congenital rubella and rubella infec-
tions in pregnancy and the notification form for con-
genital rubella also includes a section regarding the
mother’s history. Forms are forwarded to the regional
health authorities who in turn send monthly reports to
the Ministry of Health and the National Public Health
Institute (Istituto Superiore di Sanita, ISS). Individual
data are collected in a central database at the ISS and
are regularly analysed. Case classifications are peri-
odically updated based on follow-up data received by
local health authorities [10]. A cross-check between the
national database and regional archives of statutory
notifications is performed yearly.

o

Surveillance systems for congenital rubella are active
in 28 of 29 European Union (EU)/European Economic
Area countries that participated in a survey conducted
by the European Centre for Disease Prevention and
Control (ECDC) in 2012 [11] and information on rubella
infections in pregnancy was collected in 25 coun-
tries [11]. Although congenital rubella is notifiable at
European level, incidence data are not collected by
ECDC. They are reported from European countries to
the WHO Regional Office for Europe through the WHO/
United Nations Children’s Fund Joint Reporting Form
and are made available on the WHO website on a yearly
basis [12]. However, congenital rubella is not included
in the list of vaccine-preventable diseases currently
monitored at European level by ECDC through TESSy
(The European Surveillance System).

In this paper we analyse Italian national surveillance
data for congenital rubella and rubella infection in
pregnancy from 2005 to 2013, in order to monitor pro-
gress towards congenital rubella elimination and pro-
vide public health recommendations. Additionally, we
discuss strengths and weaknesses of the surveillance
system. Given the regional elimination goal, these data
may be helpful to other public health actors in Europe.

Methods

Congenital rubella infections

We carried out a descriptive analysis of congenital
rubella cases reported to the national surveillance
system from 1 January 2005 to 31 December 2013. We
classified cases as probable or confirmed according to
the 2012 EU case definition for congenital rubella [13].
Cases for whom information was insufficient to confirm
or exclude the diagnosis were excluded from the analy-
sis. We calculated the incidence of congenital rubella
by year and region, including confirmed and probable
cases.

We described newborns with congenital rubella infec-
tion in terms of median gestational age, median weight
at birth, sex, nationality and clinical manifestations.
We also calculated the proportion of cases that satisfy
the clinical criteria for CRS [13,14], that is (i) at least
two of the category A conditions; or (ii) one category
A and one category B condition (where category A con-
ditions include cataract, congenital glaucoma, con-
genital heart disease, loss of hearing and pigmentary
retinopathy, and those in category B include purpura,
splenomegaly, microcephaly, developmental delay,
meningo-encephalitis, radiolucent bone disease, jaun-
dice that begins within 24 hours after birth).

In order to compare the incidence with the target of
less than one case per 100,000 live births, we calcu-
lated the incidence of congenital rubella using the WHO
Regional Office for Europe case definition (clinical CRS,
epidemiologically linked CRS and laboratory-confirmed
CRS) [14], which does not fully overlap with the EU
case definition. The difference relates to asymptomatic
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TABLE 1

Congenital rubella infections (n = 75) and rubella infections in pregnancy (n = 160) reported by year and case classification,

Ttaly, 2005-13

Congenital rubella?

Rubella in pregnancy®

Probable Confirmed Total Possible Probable Confirmed
2005 1 2 3 o] o] 6 6
2006 1 o 1 ¢} (o] 1 1
2007 1 2 3 1 o 4 5
2008 o 29 29 o 1 76 77
2009 3 10 13 o o 7 7
2010 o 2 2 o o 5
2011 o 2 2 o o 4
2012 1 18 19 3 7 40 50
2013 o 3 3 o 1 4 5
Total 7 68 75 4 9 147 160

2 Cases were classified according to the 2012 European Union congenital rubella case definition [13].

b Cases were classified according to a modified version [10] of the 2012 European Union rubella case definition [13], that includes among the
laboratory criteria for case confirmation a positive rubella IgM result supported by a rubella-specific IgG avidity test showing low avidity.

congenital infections. In particular, an infant born to a
mother with confirmed rubella in pregnancy, with labo-
ratory confirmation of infection but no rubella defects
is classified as a confirmed case of congenital rubella
according to the EU case definition, while the WHO
Regional Office for Europe excludes cases without at
least one Group A clinical condition [14]. Therefore, we
excluded asymptomatic laboratory-confirmed cases to
calculate incidence according to the WHO regional case
definition.

In order to compare temporal trends of rubella and
congenital rubella, we also calculated the incidence of
postnatal rubella cases reported to the statutory sur-
veillance system for communicable infectious diseases
during 2005 to 2013. Data on postnatal rubella cases
are collected in a central database at the Ministry of
Health.

Rubella infections in pregnancy

We also carried out a descriptive analysis of rubella
infections in pregnancy reported to the national sur-
veillance system during 2005 to 2013. Reported cases
included: (i) those notified through the notification
form for rubella infection in pregnancy; and (ii) those
whose data was obtained from the newborn’s notifi-
cation form (from the section regarding the mother’s
history), if mother’s infection had not been previously
notified.

We described cases in terms of median age at infec-
tion, nationality, parity, pregnancy trimester of infec-
tion, vaccination status, pre-pregnancy testing for
rubella susceptibility and clinical manifestations.

Cases were classified as possible, probable or con-
firmed according to a modified version [10] of the 2012
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EU rubella case definition [13], which includes among
the laboratory criteria for case confirmation a posi-
tive rubella IgM result supported by a rubella-specific
IgG avidity test showing low avidity. This criteria was
added because when rubella infection is suspected
during pregnancy, confirmation of a positive rubella
IgM result (e.g. a rubella-specific IgG avidity test) is
required [13].

Pregnancy outcomes

We matched data on congenital rubella cases and
rubella infections in pregnancy (archived in two sepa-
rate databases) in order to link pregnant women with
their babies. We classified outcomes of pregnancy as
live birth (infected, not infected or unknown state of
infection), voluntary abortion, miscarriage and still-
birth. We also calculated the proportion of infected
women who were lost to follow-up (for whom preg-
nancy outcome is unknown) and the proportion of
infants, born to mothers with a possible, probable, or
confirmed infection, who we were unable to classify
either because they were lost to follow-up or because
of insufficient data.

Statistical analysis

We summarised categorical variables using frequencies
and proportions, and continuous variables as median
and range. We used a chi-squared test or Fisher’s exact
test to compare proportions. We defined statistical sig-
nificance as a p value of<0.05.

For calculating the incidence of congenital rubella infec-
tions and CRS, we used the number of live births of
each year (2005-13) obtained from the Italian National
Institute of Statistics (ISTAT) [15]. For calculating the
incidence of rubella cases reported to the statutory
surveillance system for infectious diseases, we used



FIGURE 2

Incidence of congenital® (n = 75) and postnatal rubella cases® (n = 8,421) and number of cases of rubella in pregnancy

(n = 160)-, Italy, 2005-13

12 7

-
o
1

Incidence (number of cases per100,000)

2008

2006

2005 2007

- 90
I Number of cases of rubella in pregnancy 80
Incidence of postnatal rubella (per 100,000 population)
L 70
==~ Incidence of congenital rubella (per 100,000 live births)
L 60

2009

Year

L 50

L 40

S9sed Jo JlaquinN

L 30

- 20

- 10

2010 2011 2012 2013

The data for incidence of postnatal rubella in 2012 and 2013 (marked with a cross) are provisional, due to the ongoing implementation of a

web-based surveillance system for infectious diseases in Italy.

2 Cased were classified according to the 2012 European Union case definition for congenital rubella [13].

b Cases were classified according to clinical criteria for rubella [8].

¢ Cases were classified according to a modified version [10] of the 2012 European Union rubella case definition [13], that includes among the
laboratory criteria for case confirmation a positive rubella IgM result supported by a rubella-specific IgG avidity test showing low avidity.

the resident population data of each year (2005-13)
obtained from ISTAT [15]. Statistical analysis was per-
formed using Epi Info software version 3.5.4.

Results

Congenital rubella

A total of 75 congenital rubella infections (7 probable
and 68 confirmed cases) were reported during 2005 to
2013, according to the 2012 EU congenital rubella case
definition [13] (Table 1). We received an additional 59
reports of suspected cases who could not be classified
because the available information was insufficient.
These were excluded from the analysis.

The median birth weight of 67 of the cases for whom
information was available was 2,710 g (range: 913-
4,330); 49/75 were male and 5/70 were born to foreign
mothers. The median gestational age of cases was 38
weeks (range: 29—42) and 15/64 were born before the
37th week of pregnancy.

Information on clinical manifestations was available for
73 cases. Of them, 16 were asymptomatic, whereas 57
had at least one clinical manifestation. Among these 57

symptomatic cases, 37 newborns satisfied the clinical
criteria for CRS [13,14], 17 had only one group A condi-
tion and three had at least one group B condition (but
no group A conditions). The most frequently reported
condition was congenital heart disease (n = 41), fol-
lowed by loss of hearing (n = 26), jaundice within 24
hours of birth (n = 18), meningo-encephalitis (n = 11),
cataract (n = 12), microcephaly (n = 10), splenomegaly
(n = 8), developmental delay (n = 7), purpura (n = 6),
and pigmentary retinopathy (n = 1). A total of 20 cases
had multiple defects involving the heart, hearing or
vision.

The national annual mean incidence in the years stud-
ied was 1.5 per 100,000 live births (mean annual num-
ber of live births in Italy: 553,389), including probable
and confirmed cases according to the 2012 EU case
definition. Two incidence peaks of congenital rubella
infections occurred in 2008 and 2012, with an inci-
dence of 5.0 and 3.6 per 100,000 newborns, respec-
tively (Figure 2).

Statutory notifications of cases of postnatal rubella

also experienced a peak in 2008 and there was a
slight increase in the number of reported cases in 2012

www.eurosurveillance.org



FIGURE 3

Annual mean incidence of congenital rubella infections
by region, including probable and confirmed cases?, Italy,
2005-13 (n = 75)
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(provisional data) (Figure 2). During 2005 to 2013, a
total of 8,421 cases of postnatal rubella were notified,
with a median age of cases of 17.5 years (range: 0-88
years).

Of the 21 regions of Italy, 11 reported congenital rubella
cases, with regional annual mean incidences (con-
firmed and probable cases) in the years studied vary-
ing from 0.5 to 7.0 per 100,000 live births (Figure 3).

Most cases of congenital rubella reported in 2012
(16/19) were notified by a single region in southern Italy
(incidence of 29.2/100,000 live births). In the same
year, this region also reported 161 postnatal rubella
cases, representing 46% of national cases (n = 353).

The national annual mean incidence of congenital
rubella calculated according to the WHO case defini-
tion was 1.1 per 100,000 live births. In 2008, 2009 and
2012, it exceeded the threshold fixed by WHO to reach
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elimination (2.9, 1.8 and 3.2 case per 100,000 live
births respectively).

Rubella infections in pregnancy

Overall, 160 rubella infections in pregnancy were
reported, of whom 147 were classified as confirmed,
nine as probable and four as possible cases according
to the modified version [10] of the 2012 EU rubella case
definition [13] (Table 1). An additional 105 reports were
unclassified because of incomplete data; these were
excluded from the analysis.

The median age of the 107 cases for whom information
was available was 26 years (range: 16-46). Of these,
23 were foreign-born.

Only three women reported being vaccinated against
rubella, but this information was documented in a vac-
cination card for only one of the cases; the woman had
received two vaccine doses in her country of origin, at
the age of three and 13 years. However, she was found
to have been susceptible to the infection at preconcep-
tion screening.

Of the 107 cases for whom information on gestational
age at infection was available, 45 acquired rubella
during the first trimester of pregnancy; 69/148 were
multiparous. Only 38/126 women had had a rubella
antibody test before pregnancy; among them, 32 stated
that they had been found to be susceptible, three were
immunised and the test result was missing for three
women (Table 2).

Characteristics of Italian and foreign-born infected
women were similar but the proportion of multiparous
women was significantly higher among the latter, com-
pared with Italian women (68.2 vs 43.2, p=0.0304).

Notification forms of 51 of the 160 women with rubella
infections in pregnancy were not received. In these 51
cases, information on demographic characteristics,
clinical manifestations (reported in Table 2) and labora-
tory results were obtained from the notification forms
of suspected congenital rubella of their babies (from
the section regarding the mother’s history). It indicates
that in a large proportion of cases (32%), the infection
of the mother had not been reported during pregnancy
and information was collected after delivery.

Pregnancy outcomes

Among the 160 women who acquired rubella during
pregnancy (two sets of twins were included for this
analysis, giving a total of 162 pregnancies), there were
29 uninfected and 62 infected newborns (4 probable
and 58 confirmed congenital rubella cases according
to EU case definition for congenital rubella). Of the 62
infected newborns, 46 had clinical manifestations (28
of them satisfied the clinical criteria for CRS, 16 had
only one group A condition and two had at least one
group B condition) and 16 were asymptomatic. Overall,
24 newborns were not classified because of incom-
plete information (n = 19) or loss to follow-up (n = 5).



A total of 31 voluntary abortions, one stillbirth and one
spontaneous abortion were also recorded. Pregnancy
outcome was unknown for 14 women who were lost to
follow-up (Table 3).

Discussion

The data presented show that the national incidence
of congenital rubella during the two epidemic peaks in
2008 and 2012 exceeded the target of less than one
per 100,000 live births needed to reach elimination [2].
The incidence was below the WHO threshold in 2013
and provisional data indicate lower values in 2014
(with only one case of congenital rubella reported).
However, it is known that rubella infection occurs in
epidemic cycles [16] and elimination has not yet been
achieved in Italy.

Underestimation of congenital rubella cases is likely
for several reasons. Firstly, we found a high percentage
of cases lost to follow-up and of unclassified cases. In
particular, in 23% (38/162) of cases of infection in preg-
nancy, the pregnancy outcome was unknown or the
newborn was not monitored for final case classifica-
tion. Additionally, we received 59 reports of suspected
congenital rubella cases and 105 reports of suspected
rubella infections in pregnancy that could not be classi-
fied because of incomplete data, which were excluded
from the analysis. Secondly, information on aborted
fetuses and stillbirths was not available and it is likely
that at least some were infected. Thirdly, the propor-
tion of cases with hearing loss and cataracts is lower
than that reported in literature [16,17] and the propor-
tion of cases with congenital heart diseases is higher
[17], suggesting incomplete detection of milder cases.

Incidence calculated using the WHO case definition
was obviously lower than that using the EU case defi-
nition because the former excluded asymptomatic
laboratory-confirmed cases. In the framework of the
elimination goal, the adoption of a common case defi-
nition would facilitate the evaluation of immunisation
programmes.

Monitoring of suspected congenital rubella infections
over time represents a critical aspect of the surveil-
lance system, because a long follow-up is necessary to
definitively classify cases. Laboratory confirmation of
congenital infection is not always possible at birth (for
instance, when infants are rubella-specific IgM nega-
tive at birth, a decrease in rubella-specific IgG levels
by the age of 6—12 months allows the infection to be
excluded) and also clinical manifestations are not nec-
essarily present at birth.

Pregnancy outcomes of mothers with possible, prob-
able or confirmed rubella infection during pregnancy
also need to be monitored in order to detect congenital
infections, including spontaneous or voluntary abor-
tions or stillbirths that may occur if the infection is
acquired in early pregnancy. No other sources of data
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for detecting abortions or stillbirths due to rubella
infection are available in Italy.

Data from surveillance of rubella infections in preg-
nancy show that notification forms were not available
for 32% (51/160) of the mothers; for these women, data
were obtained from notification forms of their new-
borns, confirming underestimation of cases. Whenever
information on mothers is obtained after delivery, it
is not possible to obtain laboratory test results and,
consequently, to correctly classify cases in a timely
manner.

Several actions have been undertaken in Italy to
improve the surveillance of congenital rubella and
rubella infections in pregnancy. Firstly, at the end of
2013, the Ministry of Health disseminated national rec-
ommendations [10] to reinforce the surveillance sys-
tem. The EU case definition for congenital rubella was
adopted, a case definition for rubella in pregnancy was

TABLE 2

Demographic and clinical characteristics of women who
acquired rubella during pregnancy, Italy, 2005-13 (n =
160)

Number of
cases (%)

Characteristic

Median age at infection

(n=107) 26 (range: 16—46) NA
Country of birth Italy 136 (85.5)
(n=159) Foreign country 23 (14.5)
Trimester of pregnancy First 45 (42.1)
at time of infection Second 41 (38.3)
(n=107) Third 21 (19.6)
Vaccination status Vaccinated 3(2.4)
(n=127) Unvaccinated 124 (97.6)
0 79 (53.4)
Previous pregnancies 1 34 (23.0)
(n=148) 2 25 (16.9)
>3 10 (6.8)
Rubella antibody Performed 38 (30.2)

testing before

pregnancy Not performed 88 (69.8)
(n=126)
Clinical criteria
EU case definition 76 (51.4)
fully met?
Clinical manifestations Clinical criteria
(n=148) EU case definition 46 (31.1)
partially met®
Asymptomatic, 26 (17.6)

laboratory confirmed

EU: European Union; NA: not applicable.

2 Clinical criteria for 2012 EU rubella case definition [13] fully
met: sudden onset of generalised maculo-papular rash AND at
least one of the following: cervical adenopathy, sub-occipital
adenopathy, post-auricular adenopathy, arthralgia, arthritis.

 Clinical criteria for 2012 EU rubella case definition [13]
partially met: maculo-papular rash OR cervical adenopathy OR
sub-occipital adenopathy OR post-auricular adenopathy OR
arthralgia OR arthritis.

www.eurosurveillance.org



TABLE 3

Pregnancy outcomes of rubella infections acquired in pregnancy by case classification of mothers, Italy, 2005-13 (n = 162)*

Pregnancy outcome

Case classification of mothers®

Number (%)

Possible Probable Confirmed
Newborns infected 3 4 55 62 (38.3)
Newborns not infected 1 3 25 29 (17.9)
Newborns with unknown state of infection o] 1 23 24 (14.8)
Voluntary abortion 0 0 31 31 (19.1)
Spontaneous abortion o o 1 1 (0.6)
Stillbirth o o 1 1 (0.6)
Mothers lost to follow-up o 1 13 14 (8.6)

2 162 outcomes (including two sets of twins) from 160 infected mothers.

b Cases were classified according to a modified version [10] of the 2012 European Union rubella case definition [13], that includes, among the
laboratory criteria for case confirmation, a positive rubella IgM result supported by a rubella-specific 1gG avidity test showing low avidity.

introduced (a modified version of the EU case defini-
tion for rubella) and the notification forms were modi-
fied, adding new variables to be collected, such as
importation status (endemic, imported, import-related
cases) and genotyping, which are critical for assess-
ing the elimination of endemic rubella. Additionally,
systematic procedures for monitoring infected preg-
nant women (until the end of pregnancy) and their
newborns (at birth, 1, 6, 12, 18 and 24 months) were
introduced. However these recommendations have
not yet been implemented in all local health authori-
ties. Secondly, an integrated surveillance system for
measles and rubella was implemented at the national
level in 2013 [18], requiring laboratory investigation
of suspected cases of rubella and web-based report-
ing of cases. It could facilitate the early detection of
rubella infections in pregnancy and encourage a timely
follow-up. Thirdly, in order to assess under-reporting,
an evaluation of the completeness of reporting to the
surveillance system is being conducted at the national
level, by analysing hospital discharge records for 2010
to 2014 to identify cases discharged with a diagnosis
of congenital rubella (International classification of dis-
eases, ninth revision, clinical modification (ICD-9-CM)
code 771.0) [19].

In the Puglia region, hospital discharge records for
2003 to 2011 were analysed to identify ICD-9-CM codes
647.5 (rubella in pregnancy) and 771.0 (congenital
rubella) and individual records of identified cases were
retrieved [20]. Delivery-assistance certificate regis-
tries were also analysed to retrieve clinical histories of
mothers of babies with CRS. One CRS, two congenital
asymptomatic rubella infections and four suspected
congenital rubella cases were identified, who were not
included in the national surveillance database.

Data from laboratories could be an alternative source

to assess under-reporting. However, in Italy, diagnostic
testing for rubella infection (also in pregnancy) is often
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performed in private laboratories and building a net-
work involving all these laboratories would be difficult
to implement.

In order to prevent congenital rubella, susceptible
women need to be identified and vaccinated before
pregnancy. The Italian national elimination plan [3]
has highlighted the need to reduce to below 5% the
percentage of women of childbearing age who are sus-
ceptible to rubella. In Italy, the last national seropreva-
lence survey was conducted in 2004, showing that 11%
of women aged 15-19 years and 8% aged 20-39 years
were susceptible [21]. This study was conducted before
preventive activities were implemented at the national
level; however, some local studies published in 2012
have found a continued high percentage of women of
childbearing age at risk of rubella infection, varying
from 8% to 14% [22,23].

Rubella pre-conception screening is substantially
underused in ltaly, although it is available free of
charge [24]. Data from the Progressi delle Aziende
Sanitarie per la Salute in Italia [Progress by Local
Health Units towards a Healthier Italy] (PASSI) Italian
behavioural risk factor surveillance system showed
thatin 2010, 38% of 11,450 18-49 year-old women were
not aware of their rubella immunisation status [25].
Additionally, a rubella seroprevalence study conducted
in 2006 to 2007, targeting a group of pregnant women
who had been referred to a prenatal clinic in southern
Italy, found that only 55% of 500 pregnant women had
undergone screening before pregnancy [23]. In our
study, only 30% of infected women had verified their
rubella immunity status before pregnancy and most
of those found to be susceptible were not vaccinated.
According to the national elimination plan, the rubella
immunisation status of women of childbearing age
should be evaluated whenever possible (e.g. concomi-
tantly with human papilloma virus vaccination, at the
10-yearly anti-diphtheria-tetanus-pertussis booster
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dose, at the first Pap test screening visit, at the first
vaccination of their newborns, at the first contact of
immigrant women with healthcare services), by check-
ing vaccination cards or measuring rubella-specific IgG
antibodies, and susceptible women should be promptly
offered vaccination. Systematic reporting by laborato-
ries of any negative rubella antibody results to vacci-
nation services could be useful for an active search of
seronegative women.

We found that a large proportion (47%) of infected
women were multiparous, indicating that they had
missed the opportunity to be vaccinated after previ-
ous pregnancies. The 2006—07 seroprevalence study
mentioned above also found a high proportion of mul-
tiparous women: of 71 pregnant women (14.2% of the
overall sample) susceptible to rubella, 33.8% had had
at least one previous pregnancy [23].

About 14% of infected mothers in our study were not
Italian-born, consistent with the rate of newborns
from foreign-born mothers during 2005 to 2013 in Italy
(9.4-15.1%) [15]. The significantly higher proportion of
multiparous women among foreign-born women, com-
pared with those who were Italian, suggests that par-
ticular attention needs to be given to this population
group, as they may have limited access to healthcare
services because of language and culture.

A serosurvey of 2,385 pregnant women, carried out in
a region of northern Italy during 2008 to 2013 found
that 11.7% of non-Italian women were seronegative for
rubella-specific 1gG and this proportion was higher
than that of Italian women (6.2%, p<o0.01) [22]. A
serosurvey of 489 immigrant women, carried out dur-
ing 2008 to 2009 in a town in southern Italy, found
17.8% seronegative women; 67% of the overall sample
declared having no knowledge of rubella as a potential
harm to fetus if the infection is contracted during preg-
nancy [26].

It is strongly advised to vaccinate all susceptible preg-
nant women with MMR vaccine during the post-partum
(or post-abortum) period, in order to prevent the infec-
tion during a future pregnancy. The high proportion of
multiparous women among reported cases of rubella in
pregnancy shows that post-partum vaccination in Italy
is not a routine procedure. Several post-partum vacci-
nation strategies have been proposed in the national
elimination plan: (i) immunisation in hospital before
discharge; (ii) active call and immunisation at the pub-
lic vaccination service (the hospital should forward the
list of the susceptible women to the immunisation ser-
vices); and (iii) immunisation at the public vaccination
service concomitantly with the first vaccination of the
newborn. A qualitative study, carried out in Australia
in 2012 to explore the reasons for low maternal vac-
cine uptake, found that the incorporation of rubella
susceptibility detection and maternal vaccination
into standard care through a structured process was
an important facilitator for immunisation uptake and
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offered an effective template for other perinatal man-
agement, such as pertussis and influenza vaccination

[27].

More intensive regional approaches are needed in
Italy, as variability of congenital rubella incidence was
detected among the regions. In fact, the peak that
occurred in 2012 was mostly attributable to a single
southern region that notified 84% of all nationally
reported cases, with a yearly incidence of 29.2/100,000
live births. A high rate of susceptible women of child-
bearing age is one explanation for the high incidence
in this region, which historically had lower MMR vac-
cination coverage in children, compared with other
regions [28]. The presence of a regional registry of per-
inatal infections, active since 1996 in this region, may
have contributed to improved reporting of cases [29].
Collection of MMR vaccination coverage of adolescents
and adults and seroprevalence data would facilitate
regional evaluations.

Conclusion

Several actions have been implemented in Italy to
strengthen surveillance of congenital rubella and
rubella in pregnancy; however, further efforts are
needed to ensure that these activities are implemented
across the country. In particular, systematic proce-
dures for the follow-up of infected children and moth-
ers should be adopted in all regions.

In order to protect women of childbearing age from
rubella infection, routine rubella antibody screening
before pregnancy (which is recommended in Italy and
offered free of charge) and vaccination of susceptible
women, including post-partum and post-abortum vac-
cination, should be strongly promoted by clinicians.

Healthcare workers (general practitioners, paediatri-
cians, gynaecologists and other specialists) should be
sensitised and trained, both for enforcing notification
procedures and for evaluating women’s rubella immu-
nisation status as a priority task during healthcare
visits. Also, information campaigns for the general
population are needed to increase awareness of the
risk of acquiring rubella infection during pregnancy.
Particular attention needs to be focused in high-inci-
dence regions.

Finally, high two-dose MMR vaccination coverage of
children should be maintained (2 95%) in order to inter-
rupt viral circulation among the population.

raised among clinicians about the risk of leptospirosis
exposure among these groups.
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We report an outbreak of Salmonella Enteritidis
phage type 14b (PT14b) in the United Kingdom (UK)
between May and September 2014 where Public
Health England launched an investigation to identify
the source of infection and implement control meas-
ures. During the same period, outbreaks caused by a
Salmonella Enteritidis strain with a specific multilocus
variable-number tandem repeat analysis (MLVA) pro-
file occurred in other European Union Member States.
Isolates from a number of persons affected by the UK
outbreak, who had initially been tested by MLVA also
shared this particular profile. Cases were defined as
any person infected with S. Enteritidis PT14b, resident
in England or Wales and without history of travel out-
side of this geographical area during the incubation
period, reported from 1 June 2014 onwards, with a
MLVA profile of 2-11—9-7-4-3-2-8-9 or a single locus
variant thereof. In total, 287 cases met the definition.
Food traceback investigations in the UK and other
affected European countries linked the outbreaks to
chicken eggs from a German company. We undertook
whole genome sequencing of isolates from UK and
European cases, implicated UK premises, and German
eggs: isolates were highly similar. Combined with food
traceback information, this confirmed that the UK out-
break was also linked to a German producer.

Introduction

The adoption of vaccination and other measures in man-
agement of poultry production has led to a reduction in
the number of Salmonella enterica serovar Enteritidis
infections in the United Kingdom (UK) [1,2]. Despite
this reduction, there have been several outbreaks of
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S. Enteritidis phage type 14b (PT14b) in the UK which
have been associated with chicken eggs originating
from outside the UK [3-5].

At the beginning of June 2014, Public Health England
(PHE) was alerted to an outbreak of S. Enteritidis PT14b
in a hospital in central England. Following this, out-
breaks of S. Enteritidis PTi4b cases were detected
in the North West and South of England. In addition,
PHE was alerted through the Epidemic Intelligence
Information System (EPIS) to six Salmonella outbreaks
in France associated with eggs from a German producer
and an Austrian Salmonella outbreak, both countries
reporting matching multilocus variable-number tan-
dem repeat analysis (MLVA) profiles of 2-11-9-7—4-3-
2-8-9 [6]. Following the detection of an exceedance in
the cumulative number of S. Enteritidis PT14b cases in
England and Wales (Figure 1), some of whom reported
the same MLVA profile, PHE launched a national inves-
tigation; the first national outbreak control team meet-
ing was held on 6 August 2014. The investigation was
undertaken to identify the source of infection and
implement control measures to prevent further cases.

Methods

Epidemiological investigations

Case ascertainment was from statutory notifications
of cases of Salmonella infection. A case was defined
as any person infected with S. Enteritidis PT14b, resi-
dent in England or Wales and without history of travel
outside of this geographical area during the incuba-
tion period (usually up to 72 hours) [7], reported on or
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FIGURE 1

Cumulative count by calendar week, of Salmonella Enteritidis PT14b cases in England and Wales, 2014 compared with the

2010-2013 mean
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after 1 June 2014, with a MLVA profile of 2-11-9-7-4-
3-2-8-9, or a single locus variant thereof (the MLVA
outbreak profile). Cases were interviewed using local
questionnaires to ascertain foods eaten in the five
days before onset of symptoms. These questionnaires
differed depending on where in the UK the case was
interviewed. Shops, restaurants and other food outlets
reported by cases were identified and when a certain
premise was related to several cases, environmental or
food samples were taken, where possible.

Food traceback investigations

In addition to the information received through EPIS,
Rapid Alert System for Food and Feed (RASFF) noti-
fications were issued on 9 July 2014 (France), 31 July
2014 (Austria) and 1 August 2014 (France). These noti-
fications linked S. Enteritidis outbreaks in France and
Austria to chicken eggs from Company X in Germany.
Subsequent updates to the RASFF notifications indi-
cated that the outbreaks were caused by S. Enteritidis
PT14b. The MLVA results of clinical isolates from France
were first reported on 14 August 2014. Food chain
investigations involved obtaining information on the
supply of eggs from Company X to UK distributors and
tracing onward supply from these distributors to other
UK companies. In addition, food chain investigations
were conducted in England and Wales to trace supplies
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of chicken and chicken eggs consumed by cases to
their source, where possible.

Microbiological investigations

S. Enteritidis strains conformed to the recognised
pattern for phage PTi4b as described in the current
schemes [8]. Isolates were further characterised by
MLVA typing [9] and whole genome sequencing (WGS).
Sequencing was carried out by the PHE Genome
Sequencing Unit using Nextera library preparation and
the Illumina HiSeq 2500 in fast run mode according to
manufacturers’ instructions.

High quality Illumina reads were mapped to the S.
enterica Enteritidis reference genome (GenBank acces-
sion number: AM933172) using BWA-MEM [10]. Single
nucleotide polymorphisms (SNPs) were then identi-
fied using GATK2 in unified genotyper mode [11]. The
core genome is defined as nucleotide positions that
are shared between the reference strain and all other
strains in the analysis. Core genome positions that had
a high quality SNP (>90% consensus, minimum depth
10X, GQ=>30) in at least one strain were extracted and
RaxML used to derive the maximum likelihood phylog-
eny of the isolates [12]. FASTQ reads from all sequences
in this study can be found at the PHE Pathogens

www.eurosurveillance.org



FIGURE 2

Distribution of Salmonella Enteritidis phage type 14b, by calendar week of symptom onset and Public Health England
centre of residence, England and Wales, week 20-38 2014 (n=284)*
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2 Symptom onset dates were not available for three of the 287 outbreak cases.

BioProject at the National Center for Biotechnology
Information (accession: PRINA248792).

International investigations

As international communications had identified that
cases had also occurred in other European Union (EU)
Member States (Germany and Luxembourg), WGS
was undertaken on isolates from outside the UK. This
included four isolates from France comprising two
from human cases and two from eggs originating from
Company X. One human isolate was received from
Luxembourg. Six isolates were received from Austria,
all from humans. Fourteen isolates were received from
Germany; five from humans, one from a cake and eight
from eggs from Company X (six from one Company X
site, two from another Company X site).

www.eurosurveillance.org
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In total, 287 cases met the definition; ages ranged
from<1 to 92 years (median 29), 151 (53%) were male.
Seventy-eight (27%) cases were reported to have been
hospitalised (of whom 61 were not thought to have
acquired their infection while in hospital). Symptom
onset dates ranged from 25 May 2014 to 7 September
2014. The week of symptom onset is shown in Figure
2; this also includes information on the residence of
cases. A number of outbreak cases were associated
with specific premises which are briefly described
below.

Between 25 May and 18 June 2014, 32 cases (patients,
staff and visitors) were linked to a single hospital in
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FIGURE 3

Egg supply network showing links between Company X and Salmonella Enteritidis phage typel4b cases in England and

Wales, 2014
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central England (hospital A), of whom 17 had spent the
whole incubation period in the hospital. Salmonella
infection was considered to be a contributory factor in
the cause of death for one patient.

Ninety-nine cases were linked to restaurant A in south-
ern England. Cases reported eating at the restaurant
between 11 July and the closure of the restaurant on 24
July to improve food hygiene practices.
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»| 2 cases (London)

Between 8 and 19 July 2014, 31 cases were linked to
restaurant B in North West England.

Fourteen cases were linked to restaurant C in central
England. Cases reported symptom onsets between 24
July and 6 August 2014. The restaurant closed volun-
tarily between 7 and 13 August 2014. One further case
occurred after this on 1 September.
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FIGURE 4

Phylogeny of Salmonella Enteritidis isolates, including representative isolates from England and Wales (n=484) sequenced

between January 2012 and September 2014, together with outbreak isolates from Austria, France, Germany, Luxembourg
and the United Kingdom, occurring from May to September 2014 (n=332)
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Following epidemiological and environmental investi-
gations, Salmonella was isolated from a catering trol-
ley on one of the wards of hospital A. Salmonella was
also isolated from food samples (cooked chicken and
pork) and an environmental sample (a cleaning cloth)
taken at the restaurant B premises. At restaurant C, a
dishcloth, a swab from a vegetable preparation sink
and a sample of egg-containing vegetarian noodles
all tested positive for Salmonella. The food and envi-
ronmental samples from hospital A, restaurants B
and C which were positive for Salmonella were typed
as S. Enteritidis PT14b, with the same MLVA profile as
cases. Six eggs of Spanish origin were sampled from
restaurant C on 12 August 2014; all tested negative for
Salmonella.

Food chain investigations

In total, 198 of 287 (69%) cases could be plausibly
linked to eggs supplied by one company, Company X
(Figure 3). Thirty-two cases ate at premises where eggs
with a Company X egg stamp number were observed;
166 cases were linked to premises that were plau-
sibly supplied by Company X at the time of exposure
according to information from suppliers. Restaurants
A, B and C were all supplied with eggs originating from
Company X, as was one outlet at hospital A (although
most cases did not report eating food from this outlet).
It appeared that the majority of cases in England may
have acquired the infection via catering services, rather
than from eggs obtained from retail establishments.

Company X has four sites, three in Germany, one in
the Czech Republic, all operationally independent. All
four sites use young chickens (pullets) from two sites,
one in Germany and one in the Czech Republic. The
last delivery to the UK from all three German sites was
on the 17 July 2014; the last delivery of eggs from the
Czech Republic site was on 1 September 2014.

Microbiology

The human isolates from France, Austria, Germany and
Luxembourg all had the outbreak MLVA profile. The
eggs from Company X shared the outbreak MLVA pro-
file. Initial WGS results were available by 26 August
2014 for both UK (including 20 environmental samples
and the 287 clinical isolates) and non-UK samples. The
WGS results showed that the 332 clinical and envi-
ronmental samples from Austria, France, Germany,
Luxembourg and the United Kingdom clustered phy-
logenetically into a tight cluster on the S. Enteritidis
phylogeny (Figure 4). Within the outbreak cluster the
minimum SNP distance between strains was o and
the maximum 23 SNPs. Within the hospital outbreak
A and the restaurant outbreaks A, B and C the mode
SNP distance was o SNPs with no clinical isolate dif-
fering by greater than 2 SNPs. Implicated environmen-
tal isolates were either identical or a single SNP away
from a clinical isolate. Clinical isolates from the rest of
Europe clustered within clinical isolates from England
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and Wales as did all eight isolates from eggs from
Company X.

Control measures

Following the reported French outbreaks, investiga-
tions at one of the German sites found Salmonella in
chicken faeces and dust, along with eggs positive for
Salmonella with the MLVA outbreak profile; investiga-
tions at another German site also found eggs positive
for the outbreak strain. At both sites public health
control measures were taken in August 2014, these
included ensuring that affected eggs were properly
processed before human consumption.

In the UK, premises associated with clusters were
investigated by environmental health officers to ensure
compliance with food hygiene guidelines. As the avail-
able evidence indicated that potentially affected eggs
had been supplied to catering establishments in the
UK, on 22 August 2014 the FSA sent letters to UK local
authorities which asked them to contact catering estab-
lishments in their area and reiterate FSA advice on how
to cook and prepare eggs safely. In the letters, the FSA
asked local authorities to look in catering establish-
ments for eggs with the three egg stamp numbers relat-
ing to Company X’s German premises, but no reports
of finding these eggs were received. On 22 August
2014, caterers were also reminded of the guidelines for
the safe handling of eggs via the FSA website [13]. As
the available evidence suggested that the potentially
affected eggs had been distributed to catering, rather
than retail establishments in the UK, it was not neces-
sary to recall them from consumers. Enhanced infec-
tion control procedures were introduced in hospital A
to reduce the risk of person to person spread.

Discussion

We present WGS data which provide a clear link
between isolates from humans, eggs and environmen-
tal samples from premises associated with clusters
of cases in an outbreak affecting several EU Member
States. This, along with the egg supply network infor-
mation and information from investigations in other
European countries, provides compelling evidence to
support the hypothesis that this outbreak was associ-
ated with eggs from a German producer (Company X).

This outbreak demonstrated the importance of
MLVA which was used to identify this multi-country
Salmonella outbreak, and the use of WGS which further
confirmed the findings. WGS allows improved discrimi-
nation between isolates, and adds a new dimension to
descriptive epidemiology in the form of phylogenetic
relationships [14]. WGS has previously been used for
the prospective surveillance of Salmonella [15] and to
confirm a multi-country Salmonella outbreak in Europe
[16], but here it was used for the first time in ‘near real-
time’ to define a multi-country Salmonella outbreak
and inform public health control measures.

www.eurosurveillance.org



During this investigation, no eggs supplied by
Company X were found in the UK for testing; this most
likely reflects the delay between egg consumption,
symptom onset, phage typing, food history taking and
egg sampling. The delay between egg consumption
and sampling is usually greater than the shelf life of
eggs which is typically 26 days (Mark Jones, AHVLA,
personal communication, 24 September 2014), making
it inherently unlikely that eggs identified at catering
premises during this outbreak investigation were the
ones consumed by cases.

An interesting aspect of the WGS results is that within
the outbreak cluster there was a maximum genetic dis-
tance of 23 SNPs. Within each of the restaurant out-
breaks (A-C) and the hospital outbreak, strains differed
between 0-2 SNPs. We hypothesise that, while the out-
break cluster formed a monophyletic group, these dif-
ferences between point source outbreaks were due to
eggs that had a degree of S. Enteritidis variation at the
source of the contamination in the various Company X
sites.

We present genetic and food supply information
which support the hypothesis that this multinational
S. Enteritidis PTi4b outbreak was associated with
eggs from a German producer. This investigation dem-
onstrates the importance of European cooperation
when investigating complex food supply networks.
Information, both official and informal, from other
European countries was important in both detecting
the outbreak and ensuring that public health actions in
the UK were as timely as possible. We therefore rec-
ommend greater use of the RASFF and EPIS systems
to exchange intelligence on outbreaks and contami-
nated foodstuffs both between and within European
countries.

Being able to sequence isolates from German eggs
made the genetic evidence linking this source to UK
cases more compelling. We therefore recommend
that EU Members States support measures to cre-
ate a framework to ensure that public health control
measures are enhanced by the exchange of pathogen
sequencing information.
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This perspective on hepatitis A in the European Union
and European Economic Area (EU/EEA) presents epide-
miological data on new cases and outbreaks and vac-
cination policies. Hepatitis A endemicity in the EU/EEA
ranges from very low to intermediate with a decline
in notification rates in recent decades. Vaccination
uptake has been insufficient to compensate for the
increasing number of susceptible individuals. Large
outbreaks occur. Travel increases the probability of
introducing the virus into susceptible populations and
secondary transmission. Travel medicine services and
healthcare providers should be more effective in edu-
cating travellers and travel agents regarding the risk
of travel-associated hepatitis A. The European Centre
for Disease Prevention and Control (ECDC) endorses
the World Health Organization’s recommendations on
vaccination of high-risk groups in countries with low
and very low endemicity and on universal vaccina-
tion in countries with intermediate endemicity. Those
recommendations do not cover the use of hepatitis A
vaccine to control outbreaks. ECDC together with EU/
EEA countries should produce evidence-based rec-
ommendations on hepatitis A immunisation to con-
trol outbreaks. Data about risk behaviours, exposure
and mortality are scarce at the EU/EEA level. EU/EEA
countries should report to ECDC comprehensive epide-
miological and microbiological data to identify oppor-
tunities for prevention.

Hepatitis A

This paper is a perspective on hepatitis A in the
European Union and European Economic Area (EU/EEA)
taking account of epidemiological data on new cases
and outbreaks, and on vaccination policies.

Hepatitis A is a common acute viral infection caused
by hepatitis A virus (HAV) that affects 120 million peo-
ple annually worldwide [1]. The virus spreads mostly
through the faecal-oral route via person-to-person con-
tact or ingestion of contaminated food or water; in rare
cases, transmission can also occur via infected blood.
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HAV belongs to the family Picornaviridae; six geno-
types have been identified, with subtypes A and B of
genotypes I, Il, and Il infecting humans [2].

Young children often have asymptomatic HAV infection.
The proportion of symptomatic infection and severe
disease increases with age. The incubation period
is 30 days ranging from 15 to 50 days. Symptoms
include fever, diarrhoea, fatigue, anorexia, nausea,
dark-coloured urine and jaundice. Hepatitis A illness
ranges from mild to severe and lasts from two weeks
to several months. Bi- or multiphasic relapsing hepa-
titis with a duration of up to 40 weeks may complicate
the course in 6 to 10% of symptomatic HAV infections
[3] but recovery is complete and no chronic infections
have been reported. Immunity after infection is life-
long. HAV infection rarely causes fulminant hepatitis
and liver failure (overall case fatality ratio: 0.1 to 0.3%).
Patients with underlying chronic liver disease and peo-
ple older than 50 years have higher case fatality ratios
(1.80/0) [4]

HAV survives in the environment and resists many
common food preservation methods including drying
or freezing [5]. Hence, food can be a vehicle of HAV
transmission. Contamination with HAV early in the pro-
duction chain of commercial food products can result
in large, prolonged and geographically dispersed out-
breaks [6,7].

Geographical distribution

The annual risk of infection with HAV is associated with
indicators of socioeconomic development, hygiene and
access to safe water. Because few countries report
notification rates, the World Health Organization
(WHO) estimates the level of endemicity based on the
age-specific seroprevalence estimates of HAV antibod-
ies in the population. Seroprevalence varies widely
among countries [1]. In areas with high endemicity (e.g.
Sub-Saharan Africa and parts of South-East Asia)at
least90% of people have antibodies against HAV by
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FIGURE 1

Distribution of hepatitis A crude notification rates in EU/EEA countries, 2011
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EEA: European Economic Area; EU: European Union.

age 10 years. Outbreaks are rarely reported from these
areas because most children have asymptomatic infec-
tions and the majority of adults are immune. Areas of
intermediate endemicity are defined asthose with at
least50% seroprevalence by age 15 years, withless
than9o% by age 10 years, and include southern and
eastern parts of the European Union (EU), China, Latin
America, northern Africa, the Middle East and Russia.
In these areas, a larger proportion of the population
reaches adulthood uninfected, leading to higher sus-
ceptibility in older age groups and recurrent outbreaks
of symptomatic disease. Finally, in areas with low ende-
micity (seroprevalence of at least50% by age 30 years
and less than50% by age 15) and very low endemicity
(less than50% seroprevalence by age 30 years) such
as western and northern parts of the EU and European
Economic Area (EEA), Australia, Canada, Japan, and the
United States (US), virus circulation is limited and the
proportion of susceptible individuals is large in all age
groups.
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Epidemiology of hepatitis A in the EU/EEA
The notification rate in the EU/EEA has fallen between
1997 and 2011, from 10.0 to 2.5 per 100,000 population
[8,9]. In 2011, of the 28 EU/EEA countries reporting to
The European Surveillance System (TESSy), 21 reported
notification rates of up to one per 100,000 popula-
tion while four central and eastern EU Member States
reported notification rates above three per 100,000
population (Figure 1). Male cases accounted for 56%.
Children aged five to 14 years were most affected and
there was a peak in reported cases in September and
October as people returned from holidays and family
visits in endemic countries [9-11]. Most countries that
report cases to TESSy do not include information about
risk behaviour and exposure, preventing analysis on
risk factors. From 2005 to 2012, the reported propor-
tion of cases infected abroad ranged from 49 to 80% in
Sweden (average: 65%) [12] and was estimated at 37%
in Germany and 36% in France in the same time period
[13,14]. In France, 50% of hepatitis A cases resulted
from secondary transmission from a primary case:
80% of these occurred through a household contact
[14]. Case reports to TESSy do not consistently include
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FIGURE 2

EU/EEA countries recommending hepatitis A virus vaccination to groups defined by the WHO as at high risk for exposure

or at risk of serious clinical outcome, 2013 (n = 30%)
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EEA: European Economic Area; EU: European Union; HAV: hepatitis A virus; HIV: human immunodeficiency virus; WHO: World Health

Organization.

2 Data from Cyprus were not available.

® Some countries recommend HAV vaccination only for specific groups of healthcare workers (e.g. laboratory staff).
¢ Countries recommending HAV vaccination to HIV patients and/or chronic liver disease patients have been included in this category.

Source: Epidemic Intelligence Information System for Vaccine Preventable Diseases, websites of National Public Health Institutes and

Ministries of Health in the European Union and European Economic Area.

outcome information which makes it impossible to
monitor case fatality ratios or the proportion of cases
with complications.

Risk groups and vaccination in EU/EEA

Susceptible individuals from the EU/EEA countries at
higher risk of exposure to HAV include travellers to
areas of high endemicity, people visiting friends and
family in high endemicity areas, expatriates living in
these areas, marginalised groups living under poor
sanitary conditions, people who inject drugs, men who
have sex with men [1] and, very rarely, recipients of
blood and blood products [15]. The number of travellers
from the EU/EEA to destinations with high hepatitis A
endemicity is increasing. As a result, those destina-
tions may appear less exotic and individuals may be
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less prone to consult travel medicine clinics before
departure.

Inactivated hepatitis A vaccines are safe and effec-
tive for both pre- and post-exposure prophylaxis [16].
The WHO recommends routine childhood vaccination
in countries with intermediate endemicity, including
southern and eastern EU countries, but not in high
endemicity countries. In western and northern EU/EEA
countries, where endemicity ranges from low to very
low, the WHO recommendation is to vaccinate only
high-risk groups [1]. Some EU countries with interme-
diate endemicity recommend universal vaccination at
the national level (e.g. Greece since 2008 [17]) or at the
regional level (e.g. Catalonia, Spain [18] or Apulia, Italy
[19] since 1998). Most EU/EEA countries have issued
recommendations at least for some risk groups (Figure
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2) but those are not necessarily associated with pro-
grammes, budgeted resources and coverage monitor-
ing [20,21]. An economic evaluation conducted in the
US estimated that the universal hepatitis A vaccina-
tion for children implemented in 2006 in the US led to
herd immunity and has been a cost saving intervention
for the first three years after introduction and cost-
neutral over the first 10 years of the programme [22].
Information campaigns and increased access through
removal of financial barriers can increase uptake in the
EU/EEA countries. For example, Denmark and Norway
provide hepatitis A vaccine free of charge to peo-
ple with chronic liver diseases and people who inject
drugs [17]. The WHO does not provide recommenda-
tions on the use of hepatitis A vaccination for outbreak
control: although immunisation has been reported to
be effective in controlling outbreaks in small communi-
ties, there is still lack of evidence on the wide-spread
use of vaccination to control large outbreaks [1].

Outbreaks in the EU/EEA in the past
decade

Several hepatitis A outbreaks have been reported in the
EU/EEA in the past decade. Some have affected high
risk groups while others have spread in the general
population. We divided the outbreaks in three groups,
depending on the mode and setting of infection.

Travel-related outbreaks were defined as those affect-
ing EU/EEA residents while abroad, regardless of the
mode of transmission. From November 2012 to June
2013, over 100 travellers to Egypt from 14 EU/EFTA
countries were infected with HAV of sub-genotype IB
[23,24]. Similar outbreaks among European travellers
to Egypt were reported in 2004 [25] and 2008 [21]. For
all these outbreaks, a food- and/or waterborne trans-
mission was plausible.

Community-wide outbreaks were defined as those for
which the primary mode of transmission was person-
to-person contact, including among people who use
drugs. These outbreaks often start within high-risk
groups and later spread to the general community (e.g.
in Latvia in 2008 [26]). Also religious groups, migrants
and ethnic minorities have been affected (e.g. the
Orthodox Jewish community in London 2011 [27]).

Food-borne outbreaks were defined as those for which
consumption of contaminated food in the EU/EEA was
the primary vehicle of infection. From 2009 to 2011,
three clusters of HAV infection with sub-genotype IB in
France, the Netherlands and the United Kingdom were
associated with consumption of semi-dried tomatoes
from Turkey [6,7,28]. In the first half of 2013, two differ-
ent outbreaks of hepatitis A associated with consump-
tion of frozen berries were reported, one in Denmark,
Finland, Norway and Sweden (sub-genotype IB) [29]
and the other in Italy and Ireland (sub-genotype IA)
[30]. In several outbreaks associated with fresh food
products, investigations pointed to food handlers
involved in harvesting or preparation of the products
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as the source of contamination, for example in 2004 in
Belgium [31].

Why do we see outbreaks in the EU and
what to expect in the future?

The susceptible proportion of the EU/EEA population
is growing fast as a result of declining HAV incidence.
HAV vaccine uptake has not been high enough to com-
pensate for the fall in natural immunity. On the one
hand, as disease severity increases with the patient’s
age, increasing numbers of susceptible adults could
potentially result in more severe disease, and eventu-
ally in higher case fatality ratios. On the other hand,
the lower rates could also compensate for the higher
case fatality ratios and the overall mortality might not
increase or decrease.

‘Seeding events’, when HAV is introduced to a popula-
tion with low immunity via a food- or travel-associated
primary case, may lead to community transmission.
However, person-to-person transmission is uncom-
mon. In the outbreak in Denmark, Finland, Norway and
Sweden in 2013, associated with consumption of fro-
zen berries, only 10% of cases were secondary cases

[29].

Self-controls by the industries and official controls by
the food safety authorities Regulatory controls and
industry auto-controls are unlikely to completely pre-
vent the importation of HAV-contaminated foods from
highly endemic countries into the EU/EEA.* The infec-
tive dose is presumably low [32] and it is technically
challenging to detect HAV contamination in food prod-
ucts [33]. Because the virus is resistant to many pres-
ervation methods, contaminated preserved products
(e.g. frozen fruits and dried vegetables) may remain
on the market over long periods of time and result in
slowly propagating multinational outbreaks in which
the cases are widely dispersed in time and space.

Investigations of food-borne hepatitis A outbreaks are
challenging. Cases may have difficulties remembering
what they ate four weeks before onset of symptoms,
and the opportunities to sample implicated food for
testing are often limited. If the suspected vehicle is a
mixed food item (e.g. mixed berries), it may be impos-
sible to identify the contaminated ingredient.

Unvaccinated EU/EEA travellers visiting endemic coun-
tries are at risk of infection. If infected abroad, they
expose their close contacts to secondary transmission
after returning home. Healthcare providers and travel-
lers underestimate the risk of hepatitis A in tourist des-
tinations. Twenty per cent of returning travellers with
hepatitis A had not been vaccinated against hepatitis A
despite receiving pre-travel medical advice [34].

Better surveillance and increased international collab-

oration within the EU/EEA region may partially explain
the increased number of multinational outbreaks
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reported since 2012. Increasing availability and afford-
ability of molecular characterisation techniques has
made it possible to link apparently sporadic cases
and to associate them with slowly evolving multina-
tional outbreaks. Through the pooling of epidemio-
logical and microbiological information at the EU/EEA
level, the Epidemic Intelligence Information System
(EPIS) for Food and Waterborne Disease and for
Vaccine Preventable Diseases of the European Centre
for Disease Prevention and Control (ECDC) facilitate
communication among disease experts in the EU/EEA
countries and allow rapid identification of the multi-
country dimension of reported outbreaks [35]. In link-
ing geographically and temporarily dispersed cases,
RNA sequencing techniques for HAV isolates have
facilitated investigations of multicountry outbreaks.
Improved surveillance in the EU/EEA may lead to the
identification of more outbreaks at an earlier stage in
the future.

Conclusions and recommendations

Hepatitis A notification rates have declined in the past
two decades in the EU/EEA and this has resulted in a
growing proportion of adults who are susceptible to
HAV infection. Higher mean age at the time of infec-
tion could result in more symptomatic infection and
more severe disease. Unfortunately, HAV data reports
to TESSy do not include information that would allow
assessing the impact of this epidemiological shift on
disease severity and case fatality ratio [1]. There are
gaps in the vaccination uptake among high-risk groups
in low and very low endemicity countries [20,24], and
among populations living in intermediate endemicity
areas. In addition, international recommendations on
vaccination strategies for outbreak control are lacking.
Travel continues to cause imported cases and second-
ary transmission. Outbreaks provide valuable informa-
tion on missed opportunities for prevention.

On the basis of these conclusions, we recommend
improving our knowledge on the epidemiology of hepa-
titis A as well as prevention efforts: Firstly, ECDC should
work closely with the EU Member States to ensure bet-
ter reporting of cases through TESSy, including infor-
mation on mode of transmission, risk behaviours and
deaths. Secondly, EU/EEA countries should follow WHO
recommendations and consider (i) including hepatitis
A vaccination in routine childhood vaccination sched-
ules in regions with intermediate endemicity and (ii)
vaccinating individuals at high risk of infection in
countries with low and very low endemicity. Thirdly,
ECDC together with the EU/EEA countries should also
consider examining the evidence of the effectiveness
of hepatitis A vaccine use in controlling outbreaks in
the EU/EEA.* Fourthly, travel medicine services and
healthcare providers must educate travellers and
travel agents regarding the risks of travel-associated
hepatitis A, emphasising that staying in all-inclusive
luxury resorts does not protect travellers from infec-
tion because food and water might be contaminated
[21-25]. Finally, Member States and ECDC should gather
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information from outbreaks to identify missed oppor-
tunities for prevention. Useful actions are (i) timely
reporting of signals of multinational outbreaks though
EPIS, (ii) prompt sharing of epidemiological and micro-
biological data on human and food safety, and (iii)
sharing of testing protocols and interpretation frame-
works for sequencing results.
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Prompt evaluation of annual influenza vaccine effec-
tiveness (IVE) is important. IVE is estimated in Ontario
using a test-negative design (TND) within a national
sentinel surveillance network (SPSN). To explore alter-
native approaches, we applied the screening method
(SM) during five seasons spanning 2007 to 2012 to pas-
sive surveillance data to determine whether routinely
collected data could provide unbiased IVE estimates.
Age-adjusted SM-IVE estimates, excluding 2008/09
pandemic cases and cases with missing immunisa-
tion status, were compared with TND-IVE estimates
in SPSN participants, adjusted for age, comorbidity,
week of illness onset and interval to specimen collec-
tion. In four seasons, including the 2009 pandemic,
the SM underestimated IVE (22-39% seasonal; 72%
pandemic) by 20 to 35% relative to the TND-IVE (58-
63% seasonal; 93% pandemic), except for the 2010/11
season when both estimates were low (33% and 30%,
respectively). Half of the cases in the routine surveil-
lance data lacked immunisation information; imput-
ing all to be unimmunised better aligned SM-IVE with
TND-IVE, instead overestimating in four seasons by 4
to 29%. While the SM approach applied to routine data
may offer the advantage of timeliness, ease and effi-
ciency, methodological issues related to completeness
of vaccine information and/or case ascertainment may
constitute trade-offs in reliability.

Introduction

Estimates of influenza vaccine effectiveness (IVE)
are vital to measuring the impact of annual immuni-
sation efforts and ideally can provide timely infor-
mation to guide the response to epidemics and
pandemics. Starting in 2004, IVE has been monitored
in several Canadian provinces through application of
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a test-negative design (TND) whereby vaccination sta-
tus is compared among test-positive vs test-negative
specimens systematically collected from patients pre-
senting with influenza-like illness (ILI) to designated
practitioners within a national sentinel physician sur-
veillance network (SPSN) [1-9]. The TND approach has
been validated theoretically and in relation to per-pro-
tocol analysis of the same randomised controlled trial
datasets, generating IVE estimates within ranges pub-
lished by other observational and clinical trial designs
[10-14]. Importantly, by standardising for healthcare-
seeking behaviour and indication to request ILI testing,
this design reduces potential selection biases that may
arise from differential testing of patients with ILI at the
discretion of a clinician in a passive surveillance sys-
tem, and additionally allows for collection and adjust-
ment of relevant confounding variables.

The screening method (SM) is another commonly used
approach for estimating IVE that compares immuni-
sation status of influenza cases to that of an exter-
nal reference group such as the general population
[15,16]. Key advantages of the SM include timeliness,
ease and efficiency given that individual-level informa-
tion is only required for cases, for whom information
is routinely collected as part of public health surveil-
lance in jurisdictions where influenza is reportable,
such as Ontario. Despite this, valid individual-level
data on cases’ immunisation status and confounding
variables, along with timely population-level cover-
age data, is difficult to obtain and may result in biased
estimates. In light of these competing considerations,
the objective of this study was to evaluate whether the
SM approach applied to routinely collected surveil-
lance data could be a reliable and timely alternative

29



for annual IVE estimation relative to the TND approach
applied to SPSN data in Ontario, Canada.

Methods

Context

Since 2000, Ontario has provided publicly funded tri-
valent inactivated influenza vaccine (TIV) to all peo-
plesix months and older who live, work or attend
school in Ontario [17]. Particularly recommended recip-
ients of the seasonal vaccine include those defined
by the National Advisory Committee on Immunization
(NACI) as at high risk for influenza-related complica-
tions owing to underlying health conditions or age, as
well as Aboriginal peoples, those capable of transmit-
ting influenza to high-risk individuals and those who
provide essential community services [18]. During the
2009/10 pandemic, an influenza A(HiN1)pdmog ASo3-
adjuvanted monovalent vaccine was available, along
with a limited supply of non-adjuvanted vaccine and
seasonal TIV [6].

The majority (260%) of influenza testing is performed
by Public Health Ontario (PHO) laboratories; respira-
tory samples from ambulatory settings undergo cul-
ture-based testing only, while samples from inpatient,
institutional and outbreak settings are tested by PCR
[19]. Laboratory-confirmed cases detected by PHO
and other laboratories are reported to regional public
health units in Ontario, who then use the integrated
Public Health Information System (iPHIS) to report
cases, including a minimum set of required epide-
miological information obtained through case follow-
up, to provincial health authorities; iPHIS therefore
captures all influenza cases reported to public health
authorities.

The Sentinel Physician Surveillance Network (SPSN), in
contrast, is an active surveillance system that exists in
the five most populous provinces of Canada, including
Ontario, and is designed to assess vaccine effective-
ness. As previously described [1-9], this system builds
on routine public health infrastructure, namely a sen-
tinel network of primary healthcare practitioners used
to monitor weekly ILI consultations at a national and
provincial level. Participating sentinel practitioners are
encouraged to offer influenza testing to all patients
who present within one week of ILI onset meeting a
standard case definition. Samples are then tested by
real-time RT-PCR for influenza at provincial reference
laboratories. Epidemiological information is obtained
from consenting patients using a standard question-
naire at the time of specimen collection. Since these
data are collected for all patients, including those
who may ultimately test negative for influenza, the
SPSN surveillance protocol is conducted with annual
research ethics board review and approval.

Screening method

Data on laboratory-confirmed influenza cases for
five influenza seasons from 2007/08 to 2011/12 were

30

extracted on 10 January 2013 from iPHIS. Immunisation
status, identified by self-report, is a requested but not
mandatory field in iPHIS that is captured in a general
‘relevant immunisations up to date for client’ field.
Data entry guidelines stipulate that ‘relevant’ refers
to receipt of the influenza vaccine recommended for
the current seasonat least 14 days before symptom
onset and with the correct dosing requirements. The
accuracy of this field was examined through compari-
son with free-text case notes, where available in a
non-mandatory comments field, to calculate agree-
ment (measured using the kappa statistic), and by
examining potential misclassification of immunisation
status in ineligible cases (i.e. infantsyounger than
six months). Vaccine coverage in the general popula-
tion was derived from Ontario-specific data from the
annual Canadian Community Health Survey (CCHS);
respondents are interviewed throughout the vyear
about immunisation during the prior 12 months. The
CCHS uses a multistage, stratified cluster design and
provides cross-sectional data representative of 98%
of the Canadian population12 years and older [20]. For
childrenyounger than12 years, an Ontario influenza
vaccination coverage survey conducted in 2007 was
used and, in the absence of annual data, applied to
all subsequent years [21]. Vaccine coverage estimates
for these two age groups were weighted according to
the age distribution in Ontario and summed to produce
overall population-weighted coverage estimates.

IVE was calculated as (PPV — PCV) / [PPV x (1-PCV)] x
100, where PPVwas theproportion of the population
vaccinated and PCVwas theproportion of cases vac-
cinated [22]. All IVE estimates were stratified by influ-
enza season, defined as 1 September to 31 August to
be consistent with Ontario’s respiratory virus surveil-
lance programme. Cases with laboratory-confirmed
influenza A(H1iN1)pdmog in the 2008/09 season were
excluded in order to examine homologous IVE only.
Cases were also excluded from analysis if they were
ineligible for influenza immunisation (younger than six
months), reported as epidemiologically linked (but
not laboratory-confirmed), exposed to influenza in an
institutional setting, hospitalised or if they resided
outside of Ontario. Both institutionally exposed and
hospitalised cases were excluded to ensure compara-
bility of study populations, as the SPSN only includes
cases in the community. IVE was calculated using data
from cases with a recorded (yes/no) immunisation
status only; cases with an unknown/missing status
were excluded. IVE estimates were adjusted for age (6
months—11 years, 12-49, 50-64 and = 65years) and
confidence intervals (Cl) were calculated using meth-
ods described by Farrington in 1993 [15].

Mid-season IVE estimates were also calculated for
two seasons. Mid-season was defined as 1 September
2010 to 15 January 2011 for the 2010/11 season, and 1
September 2011 to 15 March 2012 for the 2011/12 sea-
son, based on the mid-point of the month after which
the peak of the influenza epidemic occurred for the
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FIGURE

Flowchart of study participants by methodological approach, influenza vaccine effectiveness, Ontario, 2007-2012

Screening method

26,936 confirmed cases in Ontario

3,982 excluded:
e  Positive forinfluenza A(HiN1)pdmog during
2008/09 season

22,954 eligible

8,672% excluded:

e (ase resided outside of province (n=14)
Epidemiologically linked (n=211)
Exposed in institutional setting (n=1,777)
Hospitalised (n=6,570)

Case was <6 months of age (n=808)

| 14,282 included (62% of eligible) |

v y

Recorded immunisation | | Unrecorded immunisation
status: 7,194 status: 7,088

ILI: influenza-like illness.

Test-negative design

2,277 specimens submitted in Ontario

172 excluded:

e  Positive forinfluenza A(HiN1)pdmogfor 2008/09
season (n=20)

e All specimens submitted in 2009/10 season (n=152)

J

| 2,105 eligible |

3582 excluded:

Patient consent not received (n=18)

ILI case definition unmet/unknown (n=22)

Specimen collected »7 days following onset or unknown (n=123)
Chronic conditions unknown (n=65)

Patient was <6 months of age or age unknown (n=7)

Test results unavailable or indeterminate (n=37)
Immunisation status unknown (n=70)

Vaccine received <2 weeks before onset of symptoms (n=116)

|

| 1,747 included (83% of eligible) |

l
v y

| Cases: 680 | | Controls: 1,067 |

2 Exclusion categories are not mutually exclusive and so totals indicated in brackets will not sum to the total patients excluded.

respective season (5 January and 12 March, respec-
tively, based on case reported dates). The mid-point
of the month was used instead of the peak date to be
more reflective of the earliest time point that a mid-
season analysis would be conducted, recognising that
the peak would only be identified by public health
officials once it had passed. For the 2010/11 season,
PPV was determined based on CCHS survey respond-
ents interviewed between September and December
2010; for the 2011/12 season, coverage was based on
respondents interviewed between September 2011 and
February 2012. In this analysis, no adjustments were
made for age.

Cases with recorded (yes/no) and unrecorded
(unknown/missing) immunisation status were com-
pared for demographic characteristics such as age,
sex, geographic region of residence and underlying
illness or chronic condition to determine if differential
misclassification was introduced by excluding cases
with an unrecorded status. In iPHIS, underlying illness
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or chronic condition refers to any self-reported chronic
medical condition that puts the individual at greater
risk of acquiring the disease or having a more severe
outcome. Sensitivity analyses were run, for a range of
scenarios, to assess the potential impact of missing
data on IVE estimates.

Test-negative design

SM-IVE estimates were compared with TND-IVE esti-
mates derived by the SPSN. Ontario-specific data were
used for all seasons except 2007/08 and the 2009/10
pandemic. Patients were considered immunised if the
vaccine was given at least two weeks before ILI onset.
For the current analysis, immunisation status was com-
pared in test-positive (cases) and test-negative patients
(controls). IVE was calculated as (1 - OR) x 100 using
logistic regression, where OR represents the odds ratio
adjusted for age (6 months—11 years, 12-49, 50-64
and = 65years), presence/absence of specific chronic
conditions (including one or more of heart/pulmonary/
renal/metabolic/blood/cancer/immune-compromising
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TABLE 1
Study population characteristics by data source used for influenza vaccine effectiveness estimation, Ontario, 2007-2012

iPHIS? (n=7,194)

SPSN (n=1,747)

Cases Cases (n=680) Controls (n=1,067)

n % n %

Age

6 months—11 years 2,302 32.0 NA 126 18.5 183 17.2
12-49 years 2,983 41.5 50,013 61.2 419 61.6 576 54.0
50—-64 years 660 9.2 25,339 23.3 95 14.0 215 20.1

2 65years 1,240 17.3 26,307 15.5 40 5.9 93 8.7
Chronic/underlying illness¢ 765 24.0 38,164 30.3 94 13.8 197 18.5
Vaccinated 1,791 24.9 42,534 35.8 113 16.6 295 27.7

CCHS: Canadian Community Health Survey; iPHIS: Ontario’s integrated Public Health Information System for reportable diseases; NA: not
available; SPSN: Sentinel Physician Surveillance Network.

2 Age unknown for nine cases, and 4,005 cases were not asked about whether they had a chronic illness or underlying condition. Cases with

missing data have been excluded from denominators in proportion calculations.

® Proportions weighted for the survey design are presented.
¢ Definition varied across data source.

conditions, conditions that compromise the manage-
ment of respiratory secretions and increase risk of
aspiration, or morbid obesity), specimen collection
interval (s4 days or>4 days from symptom onset) and
time (week of illness onset). Influenza seasons were
defined as 1 November to 30 April. A delay in obtain-
ing the ethics board’s approval in Ontario in 2009/10
meant that a substantial proportion of Ontario speci-
mens in that season did not have influenza A(H1N1)
pdmog vaccination status recorded [6]. Published
pooled Canada-wide estimates for 2009/10 were there-
fore used for comparison [6]. Similarly, pooled Canada-
wide estimates are presented for 2007/08 as Ontario
did not participate in the study until January 2008 [4].
All statistical analyses were conducted using Stata ver-
sion 12 (StataCorp, College Station, TX).

Ethical approval for the Ontario arm of the SPSN data
collection was provided by the University of Toronto.
Approval from the research ethics committee was not
required to use iPHIS data for the SM analysis as PHO
has a legislated mandate “to develop, collect, use, ana-
lyse and disclose data, including population health,
surveillance and epidemiological data (..) in a manner
that informs and enhances healthy public policy and
public health planning, evaluation and action” [23].

Results
Study population

Screening method

After excluding 3,982 laboratory-confirmed cases of
influenza A(HiN1)pdmog from the 2008/09 season, a
total of 22,954 cases were identified in the study period
(Figure). The number of confirmed cases reported in
Ontario ranged by season from 3,636 to 6,062 (5,168
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in 2007/08; 3,636 in 2008/09; 4,143 in 2009/10; 6,062
in 2010/11; and 3,945 in 2011/12). After applying exclu-
sion criteria, 14,282 cases were included in the analy-
sis; 7,194 (50.4%) cases had a recorded immunisation
status (yes/no), while status was unrecorded for 7,088
(49.6%) of cases.

Test-negative design

Excluding the 20 patients who tested positive for
influenza A(HiN1)pdmog during the 2008/09 season
and the 152 patients from the 2009/10 season, 2,105
patients with a specimen submitted in Ontario were
available for analysis (Figure). Overall, 365 eligible
specimens were submitted in 2008/09, 802 in 2010/11
and 938 in 2011/12. After applying study exclusion cri-
teria, 1,747 participants were included in the analysis;
680 (38.9%) tested positive for influenza (cases) and
1,067 tested negative (controls).

Characteristics of included study participants are
shown in Table 1 by data source. For all data sources
used for IVE estimation (iPHIS and CCHS for SM, and
SPSN for TND), individuals aged 12-49 years comprised
the largest proportion of cases/study participants;
however, iPHIS data included a higher proportion of
children (<12 years) and adults 65years and older rela-
tive to the SPSN. A higher proportion of cases in iPHIS
reported the presence of a chronic or underlying illness
and being vaccinated against influenza than cases in
the SPSN. Comparisons of chronic disease prevalence
across study populations should be made with caution,
however, as definitions vary across sources.
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TABLE 2

Unadjusted and adjusted estimates of influenza vaccine effectiveness by influenza season, comparing screening method and
test-negative design, Ontario, 2007 to 2012

Difference
between
methods¢

b
Cases Carmirals Controls
n

Influenza Cases
season n

Unadjusted IVE
% (95% Cl)

Adjusted® IVE

vaccinated? vaccinated % (95% Cl)

% Y%

Method

2007/08 1,951 27 NA 35 29 (22 to 36) 37 (30 to 44) Ref

) 2008/09 1,727 20 NA 34 49 (43 to 55) 39 (31 to 46) Ref
;certeheonc;ng 2009/10 468 12 NA 40 80 (74 to 85) 72 (63 to 79) Ref
2010/11 1,554 27 NA 31 18 (9 to 27) 33 (24 to 41) Ref

2011/12 1,494 29 NA 30 7 (-4 to1y) 22 (11to0 31) Ref

2007/08° 689 14 736 28 60 (48 to 70) 60 (45 to 71) 23

) 2008/09 114 19 146 36 58 (25 to 77) 63 (30 to 81) 24
Liiti;negat've 2009/10° 209 1 343 17 95 (80 to 99) 93 (69 to 98) 21
2010/11 341 16 362 21 29 (-4 to 52) 30 (-6 to 54) -3

2011/12 225 16 559 30 53 (30 to 69) 58 (34 to 73) 36

Cl: confidence interval; IVE: influenza vaccine effectiveness; NA: not applicable; Ref: reference value.

2 Denominator for proportion calculation comprises cases with known immunisation status.
® ‘Controls vaccinated’ for the screening method refers to the proportion of the population vaccinated (PPV), which is based on population-

based, provincial survey data.

¢ Adjusted for age (<12, 12-49, 50-64 and > 65years), comorbidity (yes/no), specimen collection interval (4 days or»>4 days) and time (week
of illness onset) for the test-negative design, and adjusted for age only (<12, 12-49, 50-64 and = 65years) in the screening method.

4 The difference between methods is calculated as the difference between adjusted IVE estimates in the test-negative design relative to the

screening method.
¢ National estimate provided due to limited Ontario sample size.

Validity of immunisation status in routine
surveillance data

Immunisation-related, free-text case notes, written by
the public health professional who investigated the
case, were available in a comments field in iPHIS for
164 (2.3%) of 7,194 cases with a recorded immunisation
status. Agreement between recorded immunisation
status and status documented in case notes was able
to be assessed in 151 cases of this convenience sample
of 164 cases and was found to be high (kappa=0.88:
95% Cl: 0.80-0.96). Review of case notes, available
for 19 cases with an unrecorded immunisation status,
revealed that 10 cases should have been recorded as
unimmunised and the remainder as immunised; these
cases remained excluded in IVE calculations.

Among the 808 casesyounger than six months who
were ineligible to receive the influenza vaccine, 26 of
471 (5.5%) with recorded immunisation status were
classified as immunised.

Influenza vaccine effectiveness with screening
method by season

Forthe three study seasons (2008/09, 2010/11, 2011/12)
for which Ontario-specific SPSN data were available for
comparison, unadjusted point estimates of IVE based
on the screening method ranged from 7% (95% Cl: —4
to 17%) during the 2011/12 season to 49% (95% Cl:
43-55%) in 2008/09 (Table 2). After adjustment for
age, this range narrowed from 22% (95% Cl: 11-31%)
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in 2011/12 to 39% (95% Cl: 31-46%) in 2008/09. For
the 2007/08 season for which only national SPSN data
were available for comparison, age-adjusted SM-IVE
was 37% (95% Cl: 30-44%), substantially lower than
the 60% (95% Cl: 45-71%) identified through TND anal-
ysis of SPSN data. Similarly during the 2009 pandemic,
the age-adjusted SM-IVE in Ontario was 72% (95% Cl:
63-79%) whereas the national TND-IVE for the adju-
vanted monovalent pandemic vaccine was estimated at
93% (95% Cl: 69-98%).

For the 2010/11 season, the mid-season IVE was esti-
mated at —11% (95% Cl: —33 to 8%), based on a PCV
of 22% for 678 cases and a PPV of 21%, which was
substantially lower than the unadjusted full-season
estimate of 18% (95% Cl: 9—27%). For the 2011/12 sea-
son, the mid-season IVE estimate of 13% (95% Cl: -3
to 27%), based on a PCV of 24% for 715 cases and a
PPV of 27%, was similar to the unadjusted full-season
estimate of 7% (95% Cl: —4 to 17%).

Comparison of cases with recorded vs
unrecorded immunisation status

Relative to unimmunised cases and those with an unre-
corded status, immunised cases were more likely to
be 65 years or older (52.9% compared with 5.5% and
14.1%, respectively, p value<o.001), female (62.6%
compared with 51.6% and 52.6%, p value<o.001) and
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TABLE 3

Comparison of laboratory-confirmed influenza cases from routine surveillance data (iPHIS) with known (n=7,194) and
unknown (n="7,088) immunisation status, by key characteristics, Ontario, 2007 to 2012

Known status, vaccinated

Known status, unvaccinated

Unknown status

Characteristic p value?
n % n % n %
Age group® <0.001
6 months—11 years 240 13.5 2062 38.2 2,263 32.0
12-49 years 385 21.6 2598 48.1 3,132 4L4.4
50-64 years 215 12.0 445 8.2 668 9.5
= 65years 945 52.9 295 5.5 999 141
Sex¢ <0.001
Female 1,117 62.6 2780 51.6 3,702 52.6
Male 668 37.4 2611 48.4 3,341 47.4
Chronic/underlying illness? <0.001
Yes 302 44.2 463 18.5 487 31.6
No 381 55.8 2043 81.5 1052 68.4

iPHIS: Ontario’s integrated Public Health Information System for reportable diseases.

Pearson’s chi-squared test.
35 cases with unknown age.
63 cases with other or unknown sex.

a o o o

denominators in proportion calculations.

to have reported chronic or underlying illness (44.2%
compared with 18.5% and 31.6%, p value<o.001) (Table
3). Unimmunised cases were generally more similar
to cases with an unrecorded immunisation status in
terms of age and sex than to immunised cases. The
proportion of cases with an unrecorded immunisa-
tion status varied substantially by public health unit
(range: 12.4-85.2%); however, this proportion was rel-
atively consistent by season (range: 41.6-45.2%) with
the exception of the pandemic year (81.3% in 2009/10)
(data not shown), suggesting that particular caution
should be applied in the interpretation of the SM-IVE
for the pandemic year.

Influenza vaccine effectiveness with test-
negative design method by season

Forthe three study seasons (2008/09, 2010/11, 2011/12)
for which Ontario-specific TND data were available,
unadjusted point estimates of overall IVE ranged from
29% (95% Cl: —4 to 52%) in 2010/11 to 58% (95% Cl:
25-77%) in 2008/09 (Table 2). These estimates were
only slightly increased with adjustment for age, comor-
bidity, week of illness onset and interval to specimen
collection to 30% (95% Cl: -6 to 54%) and 63% (95%
Cl: 30-81%), respectively.

Sensitivity analyses

Restricting the seasons to align with the TND-IVE
analysis period (1 November to 30 April for all sea-
sons excluding 2009/10) left SM-IVE estimates either
unchanged or increased them slightly (<6%) (data not
shown).
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9,554 cases not asked about whether they had a chronic illness or underlying condition. Cases with missing data have been excluded from

An additional sensitivity analysis was performed
to evaluate the potential impact of missing data on
SM-IVE estimates (Table 4). Unadjusted IVE estimates
were substantially altered under both extremes (sce-
nario 1: all cases with unrecorded status were consid-
ered immunised; scenario 2: all cases with unrecorded
status were considered unimmunised). In scenario 3,
where all cases with unrecorded status were assigned
the same immunisation distribution as cases with
known status, and in scenario 4, where cases with
missing data were assigned the average population
vaccine coverage estimate for the study time period,
SM-IVE estimates became lower still, moving farther
away from adjusted TND-IVE estimates. In the more
likely scenario that cases with an unrecorded status
were unimmunised, SM-IVE estimates became more
similar to adjusted TND-IVE estimates exceeding the
latter by a range of 4-29% in four of five seasons
(Tables 2 and 4).

Discussion

In this analysis, we highlight the differences between
SM-IVE estimates based on routinely collected, pas-
sive surveillance data to gauge influenza vaccine
performance compared with an active and systematic
method using a TND approach applied to SPSN data.
Although the SM approach offers the advantage of
ease and efficiency in using existing surveillance data,
we demonstrate the potentially important trade-off
of reliability. In four of five study seasons, including
the 2009 pandemic, the SM underestimated IVE by an
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TABLE 4

Sensitivity analyses of the potential impact of missing immunisation data on influenza vaccine effectiveness estimates in
four different scenarios, Ontario, 2007-2012 (n=14,282)

Season Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 3 Scenario 4
PCV IVE PCV PCV IVE PCV IVE
2007/08 35 60 -183 15 67 26 35 31 18
2008/09 34 54 -128 12 73 22 46 25 33
2009/10 40 83 —-665 2 97 22 56 29 39
2010/11 31 57 -196 16 59 26 24 31 3
2011/12 31 59 -214 16 57 27 18 31 2

CCHS: Canadian Community Health Survey; iPHIS: Ontario’s integrated Public Health Information System for reportable diseases;
PCV:proportion of cases vaccinated (iPHIS); PPV: proportion of population vaccinated (CCHS); IVE: influenza vaccine effectiveness.

Scenario 1: all cases with unknown or missing status classified as immunised. Scenario 2: all cases classified as unimmunised. Scenario 3:
cases allocated to the same immunisation distribution as cases with known status for all seasons combined (coverage: 25%). Scenario 4:
cases assigned the same distribution as the average CCHS estimate for the study time period (coverage: 34%).

absolute difference ofca 20-35% relative to the TND-
IVE, except for the 2010/11 season when estimates by
both approaches were comparably low. The TND-IVE
estimates from Canada, including those cited here,
were within the expected range of other studies and
comparable to a recently published meta-analysis for
which overall pooled IVE has been estimated at 59%
(95% Cl: 51-67%) [24]; lower TND-IVE estimates for the
2010/11 season were also comparable to IVE estimates
from the United States, reported as 31% (95% Cl: -7 to

55%) [25].

Inaccuracies and missing data in routine surveillance
data may result in misclassification and bias, which
may have contributed to the lower SM-IVE estimates.
Firstly, immunisation status was not reported for half of
all eligible cases in iPHIS. Given that vaccinated cases
may be more likely to recall their immunisation status,
it is likely that iPHIS data selectively bias unvaccinated
individuals to be recorded as missing or unknown.
Comparison of cases for key confounding variables sup-
ports this hypothesis: unvaccinated cases were more
similar in age and sex to cases with an unrecorded sta-
tus than to vaccinated cases. The proportion of cases
with an unrecorded immunisation status who reported
a chronic or underlying condition was 31.6%, between
that of immunised (44.2%) and unimmunised (18.5%)
cases, suggesting that this group may comprise both
immunised and unimmunised cases. We cannot, how-
ever, rule out that this finding may be attributable to
the high proportion of missing data. Our sensitivity
analysis demonstrated that in the scenario assuming
that cases with an unrecorded immunisation status
were not vaccinated, SM-IVE estimates increased and
became more similar, if somewhat exceeding TND-IVE
estimates. This exceedance provides further support
that in reality, cases with an unrecorded immunisation
status are likely to include also a small proportion of
immunised cases. Still, our decision to exclude cases
with missing data in SM-IVE calculations probably

www.eurosurveillance.org

overrepresented vaccinated cases, contributing to an
artificially high proportion of vaccinated cases in the
SM approach (25% vs 17% in the TND), which biased
IVE estimates downwards. Although the issue of unvac-
cinated individuals registering as missing is likely to
affect also SPSN, the use of a standardised question-
naire completed by a motivated physician who knows
the patient and may have administered the vaccine
themselves, meant thatless than5% of cases were
excluded. This issue is therefore unlikely to have had a
significant impact within the SPSN system.

Secondly, iPHIS data capture persons tested and
reported in the public health system without stand-
ardisation for testing indication or illness severity,
unlike the SPSN. In Ontario, specimens are more likely
to be collected from hospitalised patients and those
at elevated risk for severe disease [19]. We found that
cases captured in iPHIS were more likely to report
having a chronic condition or underlying illness than
cases from the SPSN. Therefore, iPHIS data are more
prone to selection bias by capturing cases at the more
severe end of the disease spectrum. Because persons
with chronic or underlying conditions are more likely
to be vaccinated and less likely to respond to vaccine,
it is possible that this also led to the higher propor-
tion of cases vaccinated in iPHIS and to lower SM-IVE
estimates. Finally, we cannot discount the role of recall
bias in iPHIS data since immunisation status was
recorded after the influenza test results were known,
an added difference from the SPSN.

We do not anticipate that differences in the diagnos-
tic methods used by the two systems (PCR for SPSN vs
both PCR and culture for iPHIS) explain the variation
we observed in IVE estimates. While culture methods
are less sensitive than PCR, both methods are highly
specific [26]. Orenstein et al. have shown that although
poor test sensitivity can underestimate IVE as true
cases that tend to be distributed in the non-vaccinated
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group are not detected; test specificity has a greater
impact on IVE by increasing the number of false posi-
tives in both vaccinated and non-vaccinated groups
[10].

Arguably the greatest potential of routine surveillance
data lies in the timeliness and efficiency with which
this system can accrue a large number of cases, draw-
ing as it does on specimens submitted from all prov-
ince-wide practitioners. In Ontario, influenza cases are
required to be entered into iPHIS within five days of
case report to local public health authorities [27]; swift
data upload further supports in-season estimates.
While our mid- and full-season SM-IVE estimates were
similar for 2011/12, we noted a discrepancy for the
2010/11 season (-11% vs 18%). It is unclear whether
this discrepancy reflects a true phenomenon or is a
result of the aforementioned issues with routine sur-
veillance data. During the 2010/11 season, the vaccine
was shown to have suboptimal IVE against a genetic
variant of influenza A(H3N2) [7] which was the predom-
inant circulating strain; the latter part of the season,
however, also included circulation of influenza A(H1N1)
pdmog for which IVE was moderate, which may have
led to an improved IVE estimate when the full season
was considered. While this analysis demonstrates ret-
rospectively the capacity of routine data for in-season
IVE calculation; in practice, the timeliness of popula-
tion-based influenza vaccine coverage estimates from
CCHS would be a limiting factor. It should be noted
that the SPSN has been used successfully to generate
interim IVE estimates [9,28]; however, this requires
early and intense activity to enable sufficient accrual
of sample size and statistical power for IVE estimation
within the more limited network of sentinel practition-
ers and their ILI testing indication.

We identified data quality issues that need to be
addressed not only for IVE estimation but also for
accurately monitoring immunisation coverage; both
activities are vital for guiding effective public health
response. The proportion of cases with missing immu-
nisation data varied substantially by health unit as
data collection procedures are not standardised nor is
immunisation status a mandatory field in iPHIS, sug-
gesting that organisational practices can be modified
to improve completeness. Contributing factors for this
variation in practice should be investigated to identify
and minimise barriers.

Linkage of case-level data to physician billing claims for
influenza vaccination recorded in the database of the
Ontario Health Insurance Plan (OHIP) may be a strategy
to improve completeness of this field and additionally
offer data on the timing of immunisation in the absence
of an immunisation registry. Kwong et al. recently suc-
cessfully linked laboratory testing data with the OHIP
database to ascertain influenza immunisation status
and subsequently estimate IVE in elderly adults [29].
This strategy, however, may lead to misclassification
of those vaccinated outside of doctor’s offices, e.g. in
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work, school and community-based clinics, as unvac-
cinated [30]. Linkage to health administrative data may
similarly improve completeness of data on important
covariates, e.g. chronic conditions. Lastly, immunisa-
tion data captured in iPHIS have not been validated
against physician billing or medical records. In a sub-
set of cases, we found strong agreement with free-text
data entered into case notes, which was encourag-
ing regarding the accuracy of the immunisation field.
These findings, however, should be interpreted cau-
tiously as they were based on a small convenience
sample. Additionally, the question of the reliability of
the immunisation field does not address the larger con-
cern regarding missing data. Further work is needed to
improve the quality of this information, particularly if
immunisation registries are considered in the future for
vaccine and programme evaluation.

Conclusions

As health organisations search for efficiency, this study
highlights potential pitfalls inherent in using readily
available, routine surveillance data for the purpose
of IVE estimation. Improved data quality, particularly
related to immunisation status and its timing as well
as important covariates, is needed. Further work is
merited to explore whether linkage with health admin-
istration data or ideally a vaccine registry could offer
solutions to current data limitations. Fundamentally,
valid estimation of vaccine effectiveness through any
observational design requires consistent and system-
atic case finding, ascertainment of vaccination status
and comparability of study groups, which ultimately
may not be possible to achieve through passive sur-
veillance systems alone. These methodological consid-
erations apply not only within Ontario but also in other
regions where annual IVE estimation is of interest.
Given the significant implications of IVE findings on
public perceptions and prevention measures, ensuring
timely and reliable results remains an important goal.
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The 1oth anniversary of the European Immunization
Week (EIW) is celebrated between 20 and 25 April 2015
all over Europe [1].

This year, EIW focuses on the need for renewed com-
mitment to immunisation at political, professional and
personal levels.

Various activities at national level are organised this
week under the banner of EIW and they vary greatly
from country to country. In some areas supplementary
immunisation activities against diseases such as polio,
rubella and measles are conducted, while in others,
awareness-raising campaigns are being launched, and
media engagement sought. EIW is also used in some
areas as background for publication of a strategic
document.

Every year, EIW promotes the core message that the
immunisation of every child is vital to prevent diseases
and protect life. This initiative is led and coordinated
by the World Health Organization Regional Office for
Europe (WHO/Europe) and implemented by the coun-
tries of the European Region. For one week in April,
countries across the Region unite under the EIW slogan
— Prevent. Protect. Immunize. — and carry out activi-
ties to inform and engage key target audiences and
to address challenges regarding immunisation. These
activities include training sessions for healthcare
workers, dissemination of informational materials,
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workshops, press conferences and round table discus-
sions with political decision makers.

More information on the activities around the EIW is
available on the campaign site [1].

On the occasion of the 10th anniversary of the EIW, the
European Centre for Disease Prevention and Control
(ECDQ) is releasing a new set of data, tools, blogs and
updates to support public health authorities in their
work against vaccine preventable diseases. ECDC has
launched surveillance data on measles and rubella
from the European Union / European Economic Area
(EU/EEA) countries through the Surveillance Atlas of
Infectious Diseases [2]. The interactive tool shows,
amongst other things: confirmed cases for the past 12
months, notification rates, age and sex distribution,
vaccination status, complication rates.
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