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From January to April 2013, Poland reported 21,283
rubella cases (55.2 per 100,000 inhabitants), the
highest number since 2007. Some 81% of cases were
among 15-29 year-old males. This outbreak reflects
the history of immunisation policies - selective vac-
cination of adolescent girls since 1989, then universal
two-dose measles-mumps-rubella vaccination, since
2004. The extent of virus circulation among adults
increases the risk of congenital rubella infections and
jeopardises the World Health Organization Regional
Office for Europe 2015 elimination goal.

Ongoing rubella outbreak

From January to April 2013, physicians in Poland noti-
fied 21,283 rubella cases (55.2 per 100,000 inhabit-
ants) [1], a near 10-fold increase compared with the
2,224 cases (5.8 per 100,000 inhabitants) reported
during the corresponding period of 2012 (Figure 1).

Physicians use the European Union (EU) case defini-
tions for rubella and congenital rubella syndrome (CRS)
[2]. They report each rubella case to the local health
department, providing demographic information,
International Classification of Diseases (ICD)-10 code
[3], case classification and vaccination status. Every
two weeks, local health departments report the number
of cases notified in their area to the provincial health
departments that aggregate data, which they forward
to the National Institute of Public Health — National
Institute of Hygiene. Every month, local health depart-
ments prepare aggregated reports with more detailed
data including the number of cases by age group, sex,
vaccination status and case classification.

Physicians report CRS cases to the local health depart-
ments. Local health departments investigate CRS cases
and send individual reports to the National Institute of
Public Health — National Institute of Hygiene. There is
no routine active case finding search for CRS cases,
nor has active CRS surveillance been implemented to
date.
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We describe here this country-wide rubella outbreak by
person, place and time and propose implementation of
preventive measures.

We calculated reported rates per 100,000 inhabitants,
dividing the number of rubella reported cases by mid-
year census estimates [4]. The reported rates of rubella
varied substantially between provinces (median: 51.2
per 100,000 inhabitants; range: 7.4—-151.1 per 100,000
inhabitants). The majority of cases were reported
from three provinces in the south-east of the coun-
try (n=8,659; 41%), bordering Ukraine, Belarus and
Slovakia, and five provinces in the north-west (n=7,997;
38%), two of which border Germany (Figure 2).

The male to female ratio was 10:1. The most affected
groups were persons who were male aged 15-19 years
(12,220 cases, reported rate: 1,044.9 per 100,000
inhabitants; 57% of cases), 20-24 years (4,000 cases,
reported rate: 286.8 per 100,000 inhabitants; 19% of
cases) and 25-29 years (992 cases, reported rate: 61.1
per 100,000 inhabitants; 5% of cases). During 2003 to
2012 and the first four months of 2013, rubella reported
rates suggested an increasing trend in 2006-2007 and
then in 2012 and the first third of 2013. The increases in
2006-2007 and from 2012 were both more pronounced
among males 10 years of age and older, especially in
the first four months of 2013 (Figure 3).

Vaccination status was recorded for 15,237 (72%)
reported cases. Of these, 1,502 (10%) were vaccinated
with one dose of rubella-containing vaccine, and 234
(2%) with two or more doses of rubella-containing
vaccine.

Of all reported cases, 29 (0.1%) were confirmed (based
on a valid laboratory test), 57 (0.3%) were probable
(based on an epidemiological link to a confirmed case),
and 21,197 (99.6%) were possible (based on clinical
symptoms).
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FIGURE 1

Rubella cases reported in two-week periods, Poland, 1 January 2011-30 April 2013
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From January to April 2013, two cases of (CRS) were
reported, as compared with four cases reported during
2003 to 2012.

History of rubella immunisation in Poland
In 1989, Poland started to administer monovalent
rubella vaccine to 13 year-old girls. In 1992-2006,
reported coverage ranged from 94% to 99% [5]. In
2004, measles-mumps-rubella (MMR) vaccine was
administered to all children at the age of 13—15 months
and 10 years [1]. In 2005-2012, first-dose coverage
among 3 year-old children ranged from 91% to 98% [5].

In 2011, a mission of the World Health Organization
(WHO) Regional Office for Europe reviewed the rubella
situation in Poland, identified an immunity gap among
adolescent males and young adults and recommended
supplementary immunisation of all adolescents and
young adults, as the increased circulation of rubella
among young adults increases the risk of congenital
rubella syndrome (CRS) [6].
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Discussion

The 2013 outbreak of rubella in Poland reinforces
the need for public health efforts to meet the WHO
Regional Office for Europe target for the elimination of
measles and rubella and prevention of CRS by 2015 [7].
From April 2012 to March 2013, rubella cases in Poland
comprised 74% of those in the EU/European Economic
Area (EEA) countries [8]. Despite the visible impact of
the childhood immunisation programme in decreas-
ing rubella activity among the vaccinated age groups,
Poland will not achieve rubella elimination without tar-
geted supplementary immunisation activities.

The outbreak reflects the historical immunisation
activities in Poland: a combination of selective and
universal vaccination led to a shift in the age of rubella
infections to cohorts of young adults. This situation
increases the risk for CRS, due to high circulation of
the rubella virus among adolescents and young adult
populations. Despite long-term vaccination of adoles-
cent girls, about 10% of women of childbearing age
may still be susceptible to rubella, as documented
in a 2004 study [9]. From January to April 2013, two



FIGURE 2

Reported rates of rubella by province, Poland, 1 January-30 April 2013 (n=21,283)
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cases of CRS have already been reported, as com-
pared with four cases during 2003 to 2012. Further
cases are unfortunately expected and unavoidable, as
observed during outbreaks in other EU/EEA countries
in recent years. The country most recently affected
was Romania. In 2011-2012, Romania reported 20,772
rubella cases, 22 confirmed CRS cases and 11 cases
of congenital rubella infection [10,11]. A similar situ-
ation was observed in Greece in the 1990s: a large
rubella outbreak was described in 1993, with 25 cases
of CRS, and another epidemic occurred in 1999, mainly
in young adults, with four cases of CRS [12]. These
observations in Greece, Romania and now Poland are
a consequence of immunisation practices that had
been followed, leading to the build-up of susceptible
cohorts. Sadly, rubella outbreaks in young adults una-
voidably lead to children being born with CRS. This sit-
uation is likely to be repeated if women of childbearing
age are left unprotected and become infected with the
rubella virus. All possible efforts should be undertaken
to prevent any cases of CRS in Europe in the future.
The availability of rubella-containing vaccines with a
long-standing history of good safety and effectiveness
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profiles, and provision to all those who need it would
ensure that the potentially dramatic consequences of
rubella infection in pregnancy would become a thing of
the past.

Effective control of rubella and prevention of CRS
requires high-level political commitment and a long-
term strategy for vaccination programmes and imple-
mentation of additional control measures, when
needed. The WHO Region of the Americas elaborated a
regional plan of action and mobilised human and finan-
cial resources in support of a rubella and CRS elimina-
tion goal for 2010 [13]. In 2009, the last endemic rubella
and CRS cases in that region were reported. Since then,
rubella cases have been attributed to importations of
rubella virus into countries, particularly those that only
targeted girls for vaccination. In response to these out-
breaks, countries reinforced surveillance activities and
vaccination interventions by conducting supplementary
immunisation activities among adolescents and adults.
The results of a systematic literature review demon-
strated that the combined vaccination strategy with a
universal approach — two doses of rubella-containing
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FIGURE 3

Trends in age group-specific reported rates of rubella, Poland, 1 January 2003-30 April 2013
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vaccine in children 1-6 years of age and one dose in
susceptible adult (both men and women) populations
through a catch-up campaign - contributed to the elim-
ination of rubella in the Americas, as observed in Costa
Rica and in Mexico [14].

Our report has one main limitation. The vast majority
of cases were reported based on clinical symptoms
and were not laboratory confirmed. Thus, the clini-
cal cases could be potentially due to a concomitant
outbreak of another illness causing a rash. Elements
that support the hypothesis of a rubella outbreak
include: (i) the unvaccinated status of most reported
cases and (ii) their age-by-sex distribution. Therefore,
rubella remains the most probable explanation for this
outbreak.
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This outbreak empirically reflects the shift in the
age of infections and the accumulation of suscepti-
ble cohorts, 10 years after starting universal vaccina-
tion. The increased age of infected people leads to an
increased risk of CRS. This situation requires immedi-
ate public health action to prevent further CRS cases.

Suggested public health action

First, we suggest that rubella elimination and CRS pre-
vention should be made a priority and a plan of action
developed. Second, the proportion of laboratory-inves-
tigated cases should be increased, to confirm the aeti-
ology of the outbreak. Third, we suggest enhancing the
surveillance of congenital rubella infections to monitor
the impact of interventions and to estimate the CRS
burden. Fourth, following confirmation of the rubella
aetiology of this outbreak, emergency catch-up vacci-
nation of young adults should be considered, to stop



further transmission of the virus and prevent further
CRS cases. Fifth, we suggest screening for rubella anti-
bodies as part of pre-conception or antenatal care to
identify and vaccinate unprotected women [15]. Sixth,
a seroprevalence study could be instrumental in docu-
menting the age-specific proportion of susceptible per-
sons after the outbreak.
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In April 2013, ten cases of dengue fever in travellers
returning from Luanda, Angola, to five countries on
four continents, were reported to the globally distrib-
uted GeoSentinel Surveillance network. Dengue virus
serotype 1 was identified in two cases. The findings
indicate that a major dengue outbreak is currently
ongoing in Luanda. This report illustrates how cases
from an emerging arboviral epidemic focus can spread
internationally and highlights the risk of dissemina-
tion of a vector-borne disease into receptive areas.

GeoSentinel provides a sentinel sample of returning
travellers at 56 clinics in 24 countries on six continents
[1]. During April 2013, GeoSentinel sites in Canada,
France, Germany, Israel and South Africa reported
a total of 10 cases of dengue in business travellers
returning from Angola, with Luanda as the only likely
place of exposure. Meanwhile, on 15 April, the Instituto
de Higiene e Medicina Tropical in Lisbon, Portugal
reported 19 cases of dengue acquired in Luanda
since late March 2013, in four of whom dengue virus
(DENV)-1 was detected by polymerase chain reaction
(PCR) [2]. The nearly simultaneous reports of dengue
cases related to travel to Luanda from five GeoSentinel
sites on four continents, as well as Portugal, suggest
that a large scale outbreak of dengue may in fact be
unfolding in Angola.
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Background

In Angola, DENV activity has been reported sporadi-
cally. Early surveys in the 1960s revealed no evidence
of DENV activity [3], while outbreaks of clinically sus-
pected dengue in the 1970s were proven to be caused
by chikungunya [4]. In the 1980s an outbreak of dengue
was reported from Luanda, with subsequent reports of
travel-related dengue acquired in Angola, by travellers
from the Netherlands [5] and Brazil [6]. For a Brazilian
travel-related case, the serotype identified was DENV-
2. Since then, there has been little information on
the risk of dengue in Angola. This may represent an
absence of disease activity, or a lack of awareness,
diagnostic resources and active surveillance.

Travellers may serve as sentinels to local epidemic
risks, and this role is especially important in areas with
scarce public health reporting and resources. Thus,
cases of dengue among European travellers returning
from the Comoros islands in east Africa [7] and Benin
in west Africa [8] have called attention to local DENV
transmission. In a recent review, 12 of 27 countries in
Africa where travellers/expatriates had acquired den-
gue, had not reported local DENV transmission [9].

Here, we report on an apparent outbreak of dengue in
Luanda, Angola diagnosed among travellers presenting
to travel clinics on four continents.



TABLE

Travel-related dengue infections acquired in Luanda, Angola, reported from GeoSentinel sites, March-May 2013 (n=10)

Time from fever onset

Country of origin of the case Fever onset date to test (days) Serology-IgM

Germany 30 March 4 Positive Positive ND
Canada 3 April 10 Negative Positive ND
France 5 April 12 Negative Positive Negative
Germany 7 April 14 Negative Positive ND
South Africa 10 April 7 ND Positive Negative
Israel 11 April 14 ND Positive ND
Israel 17 April 7 Positive Positive ND
Israel 18 April 4 Positive Positive DENV-1
Israel 25 April 5 Positive Positive DENV-1
Israel 2 May 6 Positive Positive ND

DENV: dengue virus; NS1: non-structural protein 1; ND: not done; Qt PCR: quantitative polymerase chain reaction.

Case descriptions

Overall the male/female ratio of cases reported to
GeoSentinel was 9:1 and the traveller’s age was
41.3+10.7 (mean £SD) years.

All cases presented with an acute febrile illness and
symptoms suggestive of classic dengue, including
headache and joint pain. In three of the 10 cases a rash
was reported. Laboratory studies during the febrile
period revealed leucopenia (range: 1.2-2.9 x 109/L,
norm: 4.0-10.0 x 10°/L) and thrombocytopenia (range:
13-124 X 10%/L, norm: 140-440 x 10°/L) in all the cases.
None of the cases had features of severe dengue and
all recovered without complications.

Dengue diagnosis was confirmed by one or more of
three methods; non-structural protein 1 (NS1) anti-
gen, DENV IgM enzyme-linked immunosorbent assay
(ELISA) serology or DENV viraemia by quantitative (Qt)-
PCR (Table). DENV IgM was detected in all 10 cases,
whereas five cases also tested positive for NS1 anti-
gen. For all these latter cases except one from Germany
(Table), NS1 antigen and DENV IgM were detected in a
single sample. For the German case, a blood sample
drawn at four days post symptom onset was NS1 anti-
gen positive but seroconversion was verified in subse-
quent samples. In two viraemic Israeli patients, Qt-PCR
revealed the virus to be DENV-1 similar to the imported
cases seen in Portugal [2].

Discussion

Dengue has long been known to exist in Africa, but its
epidemiology is poorly documented. Recent prediction
models of dengue suggest that the true burden of den-
gue in Africa may approach that of South America [10].
Moreover, limited serological surveys in locations such

as Burkina Faso [11] have suggested that the disease is
far more prevalent than previously recognised. In the
last four years, large dengue epidemics were reported
on Macaronesian islands of Cape Verde (DENV-3) [12]
and Madeira (DENV-1) [13] off the northwest African
coast. Common models of dengue epidemiology sug-
gest that clinically diagnosed cases of classic dengue
represent the tip of an iceberg, with actual case num-
bers being much higher [14].

On 1 April 2013 local health authorities in Luanda
reported six cases of dengue fever acquired in the city
[15]. The true extent of the dengue outbreak in Luanda
is likely to be much higher than currently acknowl-
edged. Anecdotally, returning Israeli travellers with
dengue have maintained that multiple additional cases
of similar febrile illness were extant in the expatriate
community in Luanda.

The origin of the present DENV-1 strain responsible for
the current Luanda outbreak is as yet undetermined,
but the possibility of an imported strain is of concern.
Of the 190,000 ill returned travellers in the GeoSentinel
database since 1997, no previous cases of dengue
acquired in Angola have been reported. Strains of
DENV appear to be circulating between east Africa and
the Indian subcontinent [16] and recent DENV-1 isolates
from Madeira appear to be closely related to strains
circulating in Central or South America [17,18]. Thus, it
is well established that dissemination of dengue from
DENV endemic countries in America and Asia occurs
both in east Africa and off the northwest African coast.
In this regard, it is important to note that according
to the World Tourism Organization (WTO) data, major
source countries of travellers to Angola included DENV
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endemic China and Brazil, with 69,900 and 29,700
travellers respectively during 2011 [19].

Another source of concern is the possibility of the
spread of dengue to susceptible countries by return-
ing, viraemic travellers. Aedes albopictus, one of the
DENV vectors is currently endemic throughout most of
the Mediterranean basin, and has recently been docu-
mented as far north as the Netherlands [20]. In Israel
for example, the presence of Aedes albopictus in dense
population centres, creates prime conditions for a den-
gue outbreak [21].

At present, health practitioners should be aware of the
possibility of dengue in febrile travellers returning from
Angola. Such travellers would be best served by clini-
cians with access to rapid diagnostic tests, and should
be advised to implement measures to avoid mosquito
bites, for the likely duration of viraemia.

This report serves to illustrate the possible speed of
global dissemination of cases from an emerging arbovi-
ral epidemic focus, and the potential for introduction of
novel viruses or novel strains into receptive countries.
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From August 2012-April 2013, an outbreak of hepati-
tis A with 28 laboratory-confirmed cases occurred in
Bijeljina, Bosnia and Herzegovina. The index case was
in a seven year old child from the local Roma com-
munity. Cases were 7-70 years old, 7-15 year-olds (9
cases) were the most affected age group. The event
highlights the susceptibility of the population due to
reduced hepatitis A virus circulation with consecutive
lower immunity in the population in the past years.

In January 2013, the local health authorities in Bijeljina,
the fifth largest city in Bosnia and Herzegovina,
informed the national authorities about an ongoing
outbreak of hepatitis A. A first case had been notified
in August 2012 and by mid-January the case count had
raised to 20. Here we describe the outbreak investiga-
tion and control measures taken by the local health
authorities.

FIGURE 1
Location of Bijeljina, Bosnia and Herzegovina
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Background

Bijeljina is a town and municipality with about 120,000
inhabitants, located in the north-east of Bosnia and
Herzegovina (Figure1). It is the fifth largest city in
Bosnia and Herzegovina and second largest in the
Republic of Srpska. Republic of Srpska is one of the
two main - political entities of Bosnia and Herzegovina.
Bijeljina municipality shares borders with Croatia and
Serbia. It is a significant agricultural, trade and transit
area in Bosnia and Herzegovina, with a high population
density.

In the past 21 years, the epidemiological situation of
reported intestinal infectious diseases in Bijeljina
municipality was stable. Only sporadic cases of salmo-
nellosis and few family outbreaks of trichinellosis were
notified (data not shown).

In the Republic of Srpska, hepatitis A is a notifiable
disease in accordance with the law on protection of the
population against infectious diseases [1]. An infec-
tious disease reporting is regulated by respective rules
which do not define the criteria for reporting in detail

[2].

Despite numerous challenges such as the Bosnian war
from 1992 to 1995, migration of inhabitants elsewhere,
poor socio-economic conditions and the unprecedented
floods of the Drina river at the end of 2010, no hepatitis
A cases were recorded before the current outbreak, in
Bijeljina in the past 21 years. There is a possibility how-
ever, that cases of hepatitis A had occurred that were
neither detected nor registered due to severe disrup-
tion of the surveillance of infectious diseases, espe-
cially during wartime. Before that period, from 1971 to
1991, a total of 3,399 cases of hepatitis A with an aver-
age of 154 cases per year, were registered (Figure 2).

In the last 15 years, the overall incidence of hepatitis
A in Bosnia and Herzegovina decreased (Figure 3). In
the same period, declining hepatitis A incidence trends
were also observed in many other European countries

(3]
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FIGURE 2

Incidence of notified hepatitis A cases per 10,000
population in Bijeljina, Bosnia and Herzegovina, 1971-1991
(n=3,399)
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Outbreak investigation

On 17 January 2013, the epidemiological service of
the Health Center Bijeljina notified the the Republic
of Srpska Institute of Public Health about a hepatitis
A outbreak in Bijeljina, due to an increased number of
hepatitis A cases since August 2012.

Case definition

The case definition for the investigation of the hepati-
tis A outbreak corresponds to the European Union case
definition [4]. Confirmed cases are only those with clin-
ical symptoms and laboratory confirmation (IgM anti-
body to hepatitis A virus (anti-HAV IgM)) reported from
1 August 2012 in Bijeljina.

All available relevant clinical and epidemiological data
on cases and their contacts were collected using a
paper-based questionnaire by the staff of the epide-
miological service of the Health Center Bijeljina.

From 15 August 2012 to 2 April 2013 a total of 28 con-
firmed cases were reported (Figure 4).

The index case was a seven year-old child from the
Roma population that resides in the area close to the
canal Dasnica, to where untreated domestic sewage
and wastewater of the entire city is disposed. The
other cases were from the general population, mostly
pupils (9 cases) and unemployed persons (13 cases).
The youngest case was seven years and the oldest 70
years old (median 34 years). With nine of the 28 cases,
the most affected age group was that of 7to 14 year-
olds. Age and sex distribution of cases are depicted in
Figure 5.

Clinical findings

All 28 cases were hospitalised; 23 were treated at the
general hospital in Bijeljina and five were transported

www.eurosurveillance.org

to and hospitalised at the Clinic for Infectious Diseases
in Banja Luka because of limited availability of hospital
beds in Bijeljina. All patients had several of the follow-
ing clinical findings: jaundice, fever, weakness, fatigue,
abdominal pain, vomiting, diarrhoea, light colored
stools and dark colored urine. The clinical course was
favourable for all and there were no complications.

Laboratory reports

From all 28 patients serum samples were taken and
analysed for the following hepatitis markers: hepati-
tis B surface antigen (HBsAg), antibodies to hepatitis
E virus (anti-HEV IgM), antibodies to hepatitis C virus
(anti-HCV IgM and 1gG) and anti-HAV IgM.

After an initial analysis at the general hospital in
Bijeljina, all samples which were not reactive for
HBsAg, anti-HEV and anti-HCV, were further tested for
hepatitis A at the Clinical Center of Banja Luka.

Specimens with signal to cutoff (S/CO) values > 1.21
were considered reactive for IgM anti-HAV (analysed
by Abbott ARCHITECT® apparatus). All reported cases
were reactive. The observed values ranged from 7.08 to
19.64 (median 13.1).

FIGURE 3

Incidence of notified hepatitis A cases per 100,000
population, in Federation of Bosnia and Herzegovina and
Republic of Srpska, Bosnia and Herzegovina, 1996-2012
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FIGURE 4

Notified cases of hepatitis A, in Bijeljina, Bosnia and
Herzegovina, 15 August 2012 - 2 April 2013 (n=28)
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Control measures

Specific guidelines for case management of hepati-
tis A do not exist in Republic of Srpska. We inspected
schools and public buildings in Bijeljina. All cases and
contacts were provided with general information about
the nature of the disease, ways of transmission and
how to prevent hepatitis A. The local health authorities
disinfected houses (with chlorine granulates dissolved
in water) and the immediate environment of patients
as well as premises of kindergartens and pre-schools
and local boarding school facilities and other collective
accommodation buildings in Bijeljina.

Monitoring of drinking water quality from the water-
works and affected households was intensified and
showed that water was safe for drinking.

Vaccines and immunoglobulin against hepatitis A are
not available in Republic of Srpska.

Discussion

The surveillance system in Bosnia and Herzegovina
dates back to the time of the former Socialist Republic

12

of Yugoslavia and is a passive reporting system of
infectious diseases. Reporting is done through paper
forms and depends on cooperation of doctors who
report diseases to the relevant epidemiological service
in the public health authorities. Diagnosis is usually
only clinical; microbiological confirmation of diseases
is still quite limited.

In the current hepatitis A outbreak the first case and
five more cases occurring in September, October and
November 2012, were reported in the Roma population
living in the southern part of Bijeljina, in an area with
significant infrastructure problems e.g. unregulated
water supply system and sewage. During the past 20
years this area has been exposed to a large migration
of the Roma population many of whom left the town.

We assume that the infection transmission in the cur-
rent outbreak which started in the Roma community,
reached the general community through transmission
in schools. The age distribution of cases with the most
affected age group being that of children between 7
to 14 years old, compared with cases in outbreaks in
Czech Republic [5], Latvia [6], Estonia [7] and Slovakia
[8], is most similar to that in Estonia. These outbreaks
confirm the susceptibility of the population due to a
reduced HAV circulation with consecutive lower immu-
nity in the population in the past years.

Based on epidemiological data and results of analy-
sis of drinking water, most probable routes of trans-
mission are (mainly) indirect faecal-oral transmission
contact via common use items: door handles, sanitary
devices in school and public toilets etc.

The last outbreak case was reported on 2 April 2013.
The average incubation period of hepatitis A is 28-30
days (range 15-50 days) [8]. After the double maxi-
mum incubation period from last the notified hepatitis
A case, we will announce the end of this outbreak most
probably at the beginning of July this year if no further
cases occur.

A lesson learnt from this event is that in an increas-
ingly susceptible population, unresolved problems

FIGURE 5

Age and sex distribution of notified hepatitis A cases, in
Bijeljina, Bosnia and Herzegovina, 15 August 2012 - 2
April 2013 (n=28)
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in sanitary infrastructures can increase the risk of an
outbreak of hepatitis A. Public hygiene was evaluated
by inspection authorities, as soon as the outbreak
had been declared by the local public health authori-
ties. There is an obvious need for larger involvement
of institutions responsible for public health and for the
educational sector to raise the awareness of the popu-
lation about the need to improve hygiene through the
mass media and educational campaigns.

Also, cross-border collaboration is necessary because
of the vicinity to other countries and the mobility of the
local population. Hepatitis A is resurging in Europe at
the moment with a number of food-related multi-coun-
try outbreak(s) [10]and travel-related cases which show
the challenge of increased susceptibility in the popula-
tion [11].

Finally, in the present case, the surveillance system

was able to pick up the outbreak and this can be con-
sidered as a positive signal for the future.
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Concerns were raised about specificity of the VIKIA
Rota-Adeno immunochromatographic kit. Only 28-37%
of samples positive with the VIKIA kit could be con-
firmed using two real-time RT-PCR assays and three
ELISA kits. On re-analysis of a subset of the positive
samples, 86% remained positive with the VIKIA Kkit,
however, 90% remained negative in the other assays.
In a highly vaccinated population we found a high
number of false-positive rotavirus tests with a widely-
used commercial kit.

We recently became concerned about the specificity of
the VIKIA Rota-Adeno assay (bioMérieux, France) fol-
lowing an unexplained increase in positive results and
feedback from clinicians.

Accurate detection of rotavirus is essential for preven-
tion and control of rotavirus outbreaks and disease
monitoring. There are two common methods used
for routine diagnosis: immunochromatographic (ICT)
assays and enzyme-linked immunosorbent assays
(ELISA). ICT assays are relatively inexpensive, easy to
use, rapid (results within 20 min) and with reportedly
good sensitivity (96.6%) and specificity (92.9%) [1].
Many diagnostic laboratories in Australia use the VIKIA
Rota-Adeno assay for detection of rotavirus in faecal
specimens.

We therefore re-examined samples initially testing pos-
itive in the VIKIA Rota-Adeno ICT with other commer-
cially available ELISA rotavirus assays and, for a subset
of specimens, by RT-PCR.

Methods
Ethics approval for this study was provided by the
Children’s Health Queensland Human Research Ethics
Committee.
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Clinical specimens

We obtained a convenience sample set of 133 faecal
specimens submitted for diagnostic rotavirus test-
ing and collected between July 2011 and August 2012
from patients with symptoms of acute gastroenteritis.
Specimens were from two laboratories in Queensland
(n=113: Pathology Queensland, a publically funded
laboratory, and Sullivan Nicolaides Pathology, a pri-
vate laboratory) and from a private laboratory network
in Victoria (n=20: Melbourne Pathology). The latter
were submitted to the National Rotavirus Reference
Centre (NRRC) in Melbourne, Victoria, for genotyping.
All samples had been tested initially for rotavirus using
the VIKIA ICT method according to the manufacturer’s
instructions (Queensland: 81 positive, 32 negative;
Victoria: 20 positive).

Real-time RT-PCR, Queensland samples only

All 113 Queensland specimens were tested initially in
Queensland employing two real-time RT-PCR assays,
using primers and TagMan probe sequences described
previously:

NVP3-PCR (NVP3-F1 ACCATCTACACATGACCCTC,
NVP3-F2 ACCATCTTCACGTAACCCTC,

NVP3-R GGTCACATAACGCCC, NVP3 probe
ATGAGCACAATAGTTAAAAGCTAACACTGTCAA) [2,3],
JVK-PCR (JVK-F CAGTGGTTGATGCTCAAGATGGA,

JVK-R TCATTGTAATCATATTGAATACCCA, JVK probe
ACAACTGCAGCTTCAAAAGAAGWGT) [4].

RNA extraction was performed by homogenising ca. 25
pl of stool specimen with 225 pl of phosphate buffered
saline to provide a concentration of ca. 10%. Then 200
pl of this suspension were extracted into a volume of
50 pl using the Roche High Pure Nucleic Acid extrac-
tion kit as per kit instructions (Roche Diagnostics,
Australia). As described previously, specimens were

www.eurosurveillance.org



TABLE 1

Comparison of original VIKIA test results and repeat
VIKIA test results for specimens with sufficient volume for
re-testing, Queensland, July 2011-August 2012 (n=61)

Repeat VIKIA test

Positive  Negative Total

Positive

it Negative

VIKIA test

Total

spiked before extraction with 5 pl of equine herpes
virus as an extraction and inhibition control [5].

All real-time RT-PCR reactions were performed using
a Qiagen one-step RT-PCR kit. Each reaction mix con-
tained in a total volume of 25.0 pl in RNase-free water:
0.4 PM of forward and reverse primers, 0.16 pM of
Tagman probe, 1.0 pl of Qiagen one-step RT-PCR dNTP
mix, 5.0 pl of Qiagen one-step RT-PCR buffer (5x), 1.0
pl of RT-enzyme and 2.0 pl of RNA extract or control.
Cycling was performed on a Rotor-Gene instrument
(Qiagen, Australia) or Applied Biosystems 7500 real-
time PCR system (Life Technologies, United States)
with the following cycling conditions: initial hold steps
at 50 °C for 20 min and 95 °C for 15 min, followed by
45 cycles at 95 °C for 15 sec and 60 °C for 30 sec, with
fluorescence signal read on green at 60 °C.

ELISA testing

There were 103 samples available at the NRRC for fur-
ther testing: 83 from Queensland (51 VIKIA-positive,
32 VIKIA-negative specimens) and 20 specimens

TABLE 2

from Victoria. Thirty VIKIA-positive specimens from
Queensland were not sent to the NRRC due to insuf-
ficient sample volume. Available specimens were
retested using three commercial rotavirus ELISA
assays: ProSpecT (Oxoid, United Kingdom), Premier
Rotaclone (Bioline, United Kingdom) and Ridascreen
(R-Biopharm AG, Germany). All three methods were
performed as per the manufacturer’s instructions.

VIKIA retesting

To confirm initial VIKIA assay results, Queensland
specimens with sufficient remaining sample (positive:
n=35; negative: n=26) after PCR and ELISA testing,
were retested using the VIKIA assay.

In-house VP6 RT-PCR

At NRRC, any samples that gave a discordant result
for the ELISA methods or appeared to be falsely posi-
tive in the VIKIA assay (n=55), were further tested
using a rotavirus VP6-specific RT-PCR with prim-
ers ROT3 AAAGATGCTAGGGACAAAATTG and ROTs
TTCAGATTGTGGAGCTATTCCA [6,7].

Results

Samples from Queensland retested

in a second VIKIA assay

Of the 81 VIKIA-positive and 32 VIKIA-negative
Queensland samples, there was sufficient remaining
specimen for VIKIA retesting on 35 and 26 specimens,
respectively. Thirty of 35 initially VIKIA-positive and
one of 26 initially VIKIA-negative Queensland speci-
mens were positive on retesting (Table 1).

Twenty-seven of the 30 VIKIA twice-positive samples
were negative in every other assay applied (Table 2).
Of the 10 VIKIA retest-positive specimens with suffi-
cient sample volume available for testing at the NRRC,
seven were negative by all three ELISA assays (Table

Test results for specimens with sufficient volume for VIKIA re-testing, in PCR and ELISA assays, Queensland,

July 2011-August 2012 (n=61)

Queensland PCR
(NVP3 and JVK)

Positive Negative Total

Positive

Melbourne ELISA assays
(ProSpect, Rotaclone,

Positive

Victorian PCR
Ridascreen)

Negative Total Positive Negative NP

Negative

Total

ELISA: enzyme-linked immunosorbent assay; Negative: negative in all assays; NP: specimen not tested in this assay; PCR: polymerase chain

reaction; positive: positive in any assay.

2 Two specimens positive in all three assays, one specimen positive in Rotaclone only.
® One sample positive in single RT-PCR assay, NVP3, only (cycle threshold: ca. 37 cycles).

www.eurosurveillance.org
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TABLE 3

Restesting with different diagnostic assays of faecal specimens positive in the VIKIA assay, Queensland and Victoria, July
2011-August 2012 (n=133)

VIKIA initial® Queensland PCR assays ELISA assays el s
VIKIA retest> ~ PCRassay Number
NVP3-PCR® JVK-PCR® ProSpecT¢ Rotacloned Ridascreen? VP6-PCR®
Queensland specimens from Pathology Queensland and Sullivan Nicolaides Pathology, original diagnostic test: VIKIA 113
Queensland specimens with insufficient material for sending to the NRRC 30
POS POS POS NP NP NP NP NP 2
POS NEG NEG NP NP NP POS NP 21
POS NEG NEG NP NP NP NEG NP 5
POS NEG NEG NP NP NP NP NP 2
Queensland specimens with sufficient material for sending to the NRRC 83
POS POS POS POS POS POS POS NP 2
POS POS POS POS POS POS NP NP 14
POS POS POS POS POS NEG NP POS 1
POS POS POS NEG POS POS NP NEG 1
POS NEG POS NEG NEG NEG NP NEG 1
POS NEG POS NEG NEG POS NP NEG 1
POS POS NEG NEG NEG NEG NP POS 1
POS NEG NEG NEG POS NEG POS NEG 1
POS NEG NEG NEG NEG NEG POS NEG 6
POS NEG NEG NEG NEG NEG NP NEG 23
NEG POS NEG NEG NEG NEG NEG NP 1
NEG NEG NEG NEG NEG NEG POS NP 1
NEG NEG NEG NEG NEG NEG NP NP 6
NEG NEG NEG NEG NEG NEG NEG NP 24
Specimens from Victoria provided to the NRRC for genotyping, original diagnostic test: VIKIA 20
POS NP NP NEG NEG NEG NP NEG 13
POS NP NP NEG POS NEG NP NEG 1
POS NP NP POS POS POS NP POS 6

ELISA: enzyme-linked immunosorbent assay; NEG: specimens negative in this assay; NP: test not performed on this specimen; NRRC: National
Rotavirus Reference Centre; PCR: polymerase chain reaction; POS: specimens positive in this assay.

2 Initial diagnostic test.

® VIKIA retest performed on specimens with remaining adequate volume after PCR/ELISA testing.

¢ Queensland PCR, not performed on Victorian samples.

4 ELISA tests performed at the National Rotavirus Reference Centre, Melbourne.
¢ PCR performed at the National Rotavirus Reference Centre, Melbourne, on specimens discordant for any of the ELISA tests.

2). The initially negative, but retest-positive specimen
was negative by the NVP3 and JVK PCR assays, and all
three ELISA tests.

Other specimens from Queensland and
Victoria available for testing in other assays
There were further specimens from Queensland (n=52;
46 positive, six negative) and Victoria (n=20; all posi-
tive) which were not retested using the VIKIA assay, but
for which PCR and ELISA results were available.
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Of 20 VIKIA-positive specimens from Victoria, 13 were
negative in all three ELISA assays and the VP6 PCR
assay (Table 3). The six negative specimens from
Queensland were negative in both NVP3 and JVK PCR
assays, and all three ELISA assays. Four of the 46 posi-
tive specimens did not have sufficient specimen vol-
ume remaining for ELISA testing; two of these positive
in both the NVP3 and JVK assays, and two negative in
both (Table 3). Of the remaining 42 specimens, 14 were
positive in both Queensland PCR assays and all three
ELISA assays, and 23 were negative in each of these
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assays as well as the VP6 PCR assay. The remaining
five specimens provided mixed results.

Discussion

The results of our study highlight the need to review
the validity of diagnostic assays when disease inci-
dence changes unexpectedly. Australia implemented
a nationwide rotavirus vaccination programme in July
2007, and since that time notifications of laboratory-
confirmed rotavirus infections and hospitalisations
have fallen quickly in targeted and older age-groups
[8-10]. Anecdotal feedback from clinicians and an unex-
plained increase in disease notifications prompted this
investigation, which has identified a problem with
false positivity in an ICT assay used widely in Australia
and elsewhere.

Even though ours is a convenience sample, the results
point towards inability to confirm by a variety of PCR
and ELISA methods a substantial proportion of speci-
mens twice positive using the VIKIA kit. These find-
ings were reinforced by specimens from Queensland
and Victoria which were tested only once using the
VIKIA assay. As a sensitivity analysis, if we assume
the remaining 46 initially VIKIA positive specimens
with insufficient volume for retesting had all retested
negative, there would still remain 27 of 81 Queensland
specimens that were twice positive by the VIKIA assay,
but were negative in two PCR assays (n=21) or three
PCR assays and three ELISA assays (n=6) (Table 3).

Given the consistency of other methods it is unlikely
that the ICT assay is detecting true positive results.
Notably, our data suggest that between one and two
thirds of VIKIA-positive samples may be actually false-
positive results. Furthermore, of initially positive sam-
ples from Queensland with sufficient volume for repeat
testing using the VIKIA kit, 86% remained positive on
retest, with only three of these 30 specimens positive
in one or more other assay, by PCR or ELISA. Given the
consistency of the VIKIA retest values and our PCR and
ELISA assay findings, conducted at different times in
different locations, with all assays performed according
to the manufacturer’s instructions, we do not believe
specimen degradation or test conditions are a logical
or sustainable explanation for the apparent specificity
issue. There were six Queensland specimens for which
the VIKIA retest value differed from the original result,
with five of these initially positive and negative in the
repeat test. Possible reasons for these discrepancies
include sample stability, human error in result interpre-
tation, and specimens with low virus load.

The VIKIA ICT kit insert states that the method has
100% sensitivity and 100% specificity for rotavirus
detection, based on testing of 103 positive and 290
negative stools [11]. In a prospective study of 57 sam-
ples from children younger than 36 months in Lyon in
childcare centres during 2004-05, the reported sen-
sitivity and specificity of this kit, compared to a PCR-
based method, was 96.6% and 96.4% respectively
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(PPV: 96.5%, NPV: 92.9%) [1]. Similar high specificity
(100%) was reported by Bon et al. in 2006 [12]. Given
this, it is difficult to know if our findings are due to
recent changes in the assay or to specificity problems
exposed by reduced disease incidence in a high vac-
cine coverage setting. We are therefore investigating
further the specificity of this and other assays in a pro-
spective study.

Conclusion

We have shown a suboptimal test specificity using a
commercially available rotavirus ICT assay. Assay-
specific issues should be considered in the event of
unexplained increases of rotavirus disease in the vac-
cine era.
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Six antigen detection-based rapid influenza point-of-
care tests were compared for their ability to detect
avian influenza A(H7Ng) virus. The sensitivity of at
least four tests, standardised by viral infectivity
(TCID,,) or RNA copy number, was lower for the influ-
enza A(H7Nog) virus than for seasonal A(H3N2), A(H1iN1)
pdmog or other recent avian A(H7) viruses. Comparing
detection limits of A(H7N9g) virus with Ct values of
A(H7N9) clinical specimens suggests the tests would
not have detected most clinical specimens.

Human infections with influenzaviruses derived directly
from wild birds or poultry are relatively rare, although
since 2003, over 600 human infections with influenza
A(H5N1) viruses have been detected, many of which
were fatal [1]. During the same period, a small num-
ber of influenza A(H7) virus infections worldwide have
also occurred in humans upon contact with infected
poultry, generally resulting in mild symptoms such as
conjunctivitis with occasional respiratory involvement
and one death [2-4]. In contrast, China announced in
March 2013 human infections with a novel reassortant
avian influenza A(H7N9g) virus which caused severe
pneumonia resulting in a number of deaths [5]. Cases
have occurred predominantly in men over 60 years of
age living in urban areas, and most cases had a history
of recent contact with poultry or poultry products [5].
By 16 May 2013, 131 human cases of influenza A(H7N9)
virus infection, in 10 provinces and municipalities in
eastern China, had been reported to the World Health
Organization (WHO), of which 32 had resulted in death
[6]. To date there have not been any reports of sus-
tained human-to-human transmission of the influenza
A(H7Ng) virus, but the rapid emergence of the virus has
led to significant concerns that it could in the future
acquire human transmissibility and spread globally,
causing the next influenza pandemic.

Rapid testing and diagnosis of possible human influ-
enza A(H7N9) virus infections is an important diagnos-
tic and public health task. An accurate diagnosis will
allow the timely administration of antiviral therapy
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[7,8] and may also enable the quarantining of infected
cases to prevent further spread of the virus. Real-time
PCR is now considered the gold standard laboratory-
based assay for the detection of influenza virus infec-
tions due to its high sensitivity and specificity [6] and,
although such assays have already been developed
for the detection of influenza A(H7N9) virus [6], they
require a high level of laboratory expertise and may
not be available in all places where cases occur.

Point-of-care tests (POCTs) based on antigen detection,
however, are simple to use and are designed for use
in a medical clinic or outpatient setting, enabling the
rapid testing of patient specimens within 15 minutes
[9]. POCTs have mostly been licensed for detection of
seasonal human influenza viruses, for which they gen-
erally have good specificity but low sensitivity [10].
Recently however, some POCTs have been specifically
developed to utilise automated readers which have
resulted in improved sensitivity. For public health pur-
poses, it is important to determine whether the new or
existing POCTs can detect the novel influenza A(H7N9)
virus, particularly as previous studies have found that
some POCTs had poorer sensitivity in detecting avian
influenza strains compared to circulating human sea-
sonal influenza strains [9]. If POCTs could reliably
detect influenza A(H7N9) virus at clinically relevant
levels, they would be a useful adjunct to real-time PCR
in the detection of possible human cases, especially
where technical resources are limited.

We evaluated six widely available POCTs that are
based on detection of the nucleoprotein antigen
(Table 1) for their ability to detect the avian influ-
enza A(H7N9) virus A/Anhui/o1/2013 [5], compared
with three other low pathogenic avian influenza A(H7)
viruses (A/Northern Shoveller/Egypt-EMC/1/2012, A/
Mallard/Netherlands/4/2010 and A/Mallard/Lithuania-
EMC/2/2010), two human seasonal influenza A(H3N2)
(A/Sydney/506/2013 and A/Victoria/361/2011) and two
influenza A(HiN1)pdmog viruses (A/Auckland/1/2009
and A/Brishbane/292/2010).
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TABLE 1

Details of influenza point-of-care tests evaluated in this study

T Specimen Proportion of virus sample Time Analysis of
Pl i s e type approved following addition of diluent? I (minutes) result
- Standard
2?&;\‘01')';:;22;??” Ag/A/B/ Diagnostics, “Ei’ NS, NA, 50% (S:100 pl + D:100 pl) Test strip 10-15 Eye
Korea
Binax Now Alere, Unites NW, NA, NPS, o (c.
Influenza A & B Card States NS 100% (S:100 pl) Card 15 Eye
Clearview Exact Inverness
Influenza A & B Medical, NS 29% (S: 50 plb + D:120 pl) Test strip 15 Eye
Australia
. . Becton
BD Veritor System for rapid S . o (c. b . . Automated
detection of Flu A+B gglt(ér;son, Unites | NS, NPS 11% (S: 50 pl® + D: 400 pl) Cartridge 10 reader
Becton,
BD Directigen EZ Flu A+B Dickinson, Unites _Il\_lgN NA, NPS, 83% (S: 300 pl + D: 60 pl) Cartridge 15 Eye
States
. Quidel, Unites NS, NPS, NPA, oL (c. . . Automated
Sofia Influenza A+B FIA States NW 46% (S: 260 pl + D: 300) Cartridge 15 reader

D: diluent; NA, nasal aspirate; NPA, nasopharyngeal aspirate; NPS, nasopharyngeal swab; NS, nasal swab; NW, nasal wash; S: specimen.
2 Dilution of specimen in kit diluent is presented as a percentage, where volumes of specimen (S) and diluent (D) are shown in parentheses

b Because the kit is not approved for testing of wash or aspirate samples, the specimen was absorbed by the swab provided after at least a 15
second immersion in the virus sample. The volume taken up by the swab was found to be approximately 50 pl.

Methods

All viruses were cultured in Madin-Darby Canine Kidney
(MDCK) cells at a low multiplicity of infection for at
least one passage before testing. All viruses were har-
vested at near full cytopathic effect (CPE), supernatant
was centrifuged at low speed to remove cell debris,
and viruses were frozen at -70°C prior to testing. A
mean tissue culture infectious dose 50 (TCID,,) per mL
was determined for each virus, based on at least three
independent assays. Viruses were standardised to an
infectivity titre of 1x10® TCID,,/mL and then diluted in
phosphate-buffered saline (PBS) in half-log,, dilutions.
Real-time RT-PCR analysis was conducted on each
virus dilution to determine a cycle threshold (Ct) value
and RNA copy number, using an Applied Biosystems
7500 Fast cycler and the real-time RT-PCR primer and
probe set recommended by the United States Centers
for Disease Prevention and Control (US CDC) for the
detection of influenza A matrix genes (version 4
April 2006). RNA copy number was calculated using
a standard curve of RNA standards (10-fold dilutions)
of known copy number prepared from a pGEMT-A/
California/7/2009 matrix plasmid using the Riboprobe
In Vitro Transcription System (Promega, United States).

Each virus dilution was then tested in each POCT
according to the manufacturer’s instructions and a
limit of detection (LOD), based on either the TCID,,/
mL or the RNA copy number/pL, was determined.
Standardising viruses by viral infectivity (TCID,,/mL)
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is the most widely used method for the evaluation of
POCTs, however it does not account for defective viral
particles which may react in these antigen-detection
assays. Therefore comparison of the LOD based on both
TCID,,/mL and RNA copy number/pL (which accounts
for both infective and defective viruses) can be inform-
ative. Half-log,, dilutions of influenza A/Anhui/o1/2013
virus were prepared in duplicate and both sets tested
with the six POCTs. The number of available test kits
was not sufficient to conduct duplicate testing of the
other seven viruses. The duplicate sets of influenza A/
Anhui/o1/2013 virus concentrations gave highly com-
parable LOD data, therefore data for only the first set is
presented. Four of the kits were read by eye, while two
POCTs (Veritor and Sofia) utilised a mechanical reader
(Table 2).

Results

Based on the TCID,,/mL, the LOD of five of the six
POCTs for the A/Anhui/o1/2013 influenza A(H7N9) virus
ranged from 1x10°5 to 1x105% TCID,,/mL, with the Sofia
and Directigen EZ detecting virus at the lower limit.
The Clearview POCT was unable to detect the influ-
enza A(H7N9) virus at any of the concentrations tested
(1x10° TCID,,/mL or lower) (Table 2). In comparison, the
LOD of the POCTs for the other influenza A(H7) viruses
tested was generally better than that seen with the A/
Anhui/o1/2013 virus, with some tests detecting virus
levels as low as 1x10% TCID,,/mL. Seasonal influenza A
viruses were also more easily detected by most POCTs
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TABLE 2
TCIDs, limit of detection of the influenza point-of-care tests evaluated in this study

Limit of detection (log. TCIDso/mL)

Influenza virus origin/

subtype Designation SD Bioline el Clearview Veritor Pliresisen
Now EZ
Human A(H7Ng) A/Anhui/o1/2013 5.5 5.5 >6° 5.5 5 5
Avian A(H7) A/Northern Shoveller Egypt-EMC/1/2012 5 4 >6? 4 4 3
A/Mallard/Netherlands/4/2010 5 4 67 4 4 2.5
A/Mallard/Lithuania-EMC/2/2010 4 3 4.5 2.5 2.5 2
Human A(H1iN1)pdmog | A/Auckland/1/2009 4.5 3.5 5 3 3 2.5
A/Brishane/292/2010 4 3 4.5 3 2.5 2
Human A(H3N2) A/Sydney/506/2013 5 4 5 4 4 3
A/Victoria/361/2011 4 3.5 4.5 3 3 2.5

TCIDs,: tissue culture infectious dose 5o.
256, the virus was not detected at any of the concentrations tested.

TABLE 3
RNA copy number and Ct value limit of detection of the influenza point-of-care tests evaluated in this study

Limit of detection (RNA copies/pL [Ct value]) RNA copies/
. : uL [Ct value] of
Directigen ¢ .. 1X10%5 TCIDyo/mL

Influenza virus . -
Designation

origin/subtype SD Bioline B,\;gsvx Clearview  Veritor E7 trat
concentrations

Human A(H7N9) . 5.0X105 5.0X105 >1.5X1062 5.0X105 1.6x10° 1.6X10° 3.6x104
A/Anhui/o1/2013 [22.2] [22.2] [«20.4] [22.2] [24.0] [24.0] [26.2]

Avian A(Hy) A/Northern Shoveller/ 2.3x10° 2.3X105 >2.9X107? 2.3X105 2.3X105 2.1X104 £4.1X105
Egypt-EMC/1/2012 [19.7] [23.3] [<15.8] [23.3] [23.3] [27.2] [22.5]

A/Mallard/ 6.3x10° 5.6X104 »1.1X1072 5.6Xx104 5.6X104 6.0x10° 1.3X10°
Netherlands/4/2010 [21.6] [25.7] [«17.2] [25.7] [25.7] [31.8] [24.2]

A/Mallard/ 7.4X105 6.6x104 1.5X10° 1.5X104 1.5X104 8.8x103 1.5X10°
Lithuania-EMC/2/2010 [21.7] [25.5] [20.5] [27.6] [27.6] [28.6] [20.5]

Human A(H1N1) 1.2x10° 8.9x104 4.5X10° 5.6X10% 5.6X10% 4.6X103 1.2x10°
pdmog A/Auckland/1/2009 [20.8] [25.0] [18.8] [25.3] [25.3] [28.2] [20.8]
. 2.7Xx10° 3.2X10°5 4.5X10° 3.2X10° 5.7X104 1.3X104 4.5x10°

A/Brisbane/292/2010 [19.5] [23.0] [19.0] [23.0] [25.5] [26.5] [19.0]

Human A(H3N2) 2.6x10° 2.2X105 2.6x10° 2.2X105 2.2X105 6.3x10° £4.9X105

A/Syd 6

/Sydney/506/2013 [19.7] [23.5] [19.7] [23.5] [23.5] [26.8] [22.2]

S 5.9X10° 1.1X10° 1.1X10° 5.7X10% 5.7X10% 7.9x103 1.1X10°

A/Victoria/361/2011 [21.9] [24.3] [21.0] [26.0] [26.0] [27.8] [21.0]

Ct: cycle threshold; TCIDs,: tissue culture infectious dose 50.
2 The virus was not detected at any of the concentrations tested.
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FIGURE

Mean Ct limit of detection for influenza A/Anhui/01/2013
in point-of-care tests compared with Ct values reported for
four influenza A(H7N9) cases confirmed by RT-PCR

3% - - = — - — — — = — — = — — — — —
30 4 — — — — — — — — — — — — — — — — — — —
- 4
o B
=
e ] XX
- 4
(%}
o 25 44— — — — — — — — — — — — —_ — _ - = —
= 4
&)
S 4
o 4
o«
o .
h=d 20 4— _ _
E ] X
= 4
© -
m
- -
o
~ 15 —— - - —
~
S 4
o
= 7
5 4
<
< 4
<< 10 —— — —
~
< -
o
S . 3
Y i <
ER 2
< K11
> 5 - —=— -3 -
— i ]
(] 2 =
4 I S
© 2
1 Q@ ©
4 o a
o -

— POCT

Ct: cycle threshold; TCIDs,: tissue culture infectious dose 50; POCT:
point-of-care test.

The Ct values of the A/Anhui/o1/2013 concentrations containing
1X10°, 1X1055, 1X105, 1x1045 TCIDs,/mL were 20.4, 22.2, 24.0 and
26.2 respectively, while the RNA copy number was 1.5x10°/pL,
5.0x105/pL, 1.6x105/uL, and 3.6x104/pL respectively. Error bars
indicate the standard deviation based on triplicate real-time
RT-PCR analysis of the virus concentration at the POCT limit of
detection. Influenza A matrix gene Ct values for the cases were
27, 32-34, 20 and 27 for the four patients, respectively, and
were taken from the published article by Chen et al. [11]. RT-PCR
efficiencies and therefore Ct values may differ slightly between
the assay used here and that used by Chen et al. Because the
Clearview POCT did not detect the influenza A/Anhui/o1/2013
virus at any concentration tested, a Ct value of the limit of
detection could not be determined for this kit.

than the influenza A(H7N9) virus, with the Sofia kit per-
forming best: LOD ranging from 1x10? to 1x103 TCID,,/
mL for the human influenza A(H3N2) and A(H1N1)
pdmog viruses.

Comparison of POCT LODs based on RNA copy number/
pL showed similar results to those based on TCID,,/mL
for four of the kits (Binax Now, Clearview, Veritor and
Sofia). These POCTs were less sensitive for the detec-
tion of the influenza A(H7N9) virus compared to the
seasonal or other influenza A(H7) viruses (Table 3).
However, for the SD Bioline and the Directigen EZ tests,
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comparison of the LODs based on RNA copy number/pL
showed that influenza A(H7N9) was detected at a simi-
lar sensitivity to the other viruses (Table 3).

LODs based on RNA copy number/pL or Ct also allowed
an estimate of the expected performance of the POCTs
in detecting influenza A(H7Ng) virus in clinical sam-
ples (Figure). Comparison of the published Ct values
of clinical samples from patients with confirmed influ-
enza A(H7N9) infection [11] suggested that five of the
six POCTS would have detected only one of the four
influenza A(H7N9)-positive clinical specimens, with the
other three specimens being outside the LOD of these
assays (Figure).

Discussion

For all viruses tested, the Sofia POCT, which uses an
automated reader, had the highest sensitivity. The BD
Veritor test, which also uses an automated reader, had
comparable sensitivity to the BD Directigen EZ and the
Binax Now tests, both of which are read by eye. The
Clearview and SD Bioline POCTs demonstrated the
poorest sensitivity.

It is important to note that both the Clearview and the
BD Veritor tests are only approved for analysis of swab
specimens, therefore the test method used here may
not have been appropriate. Similarly, all POCT assays
may perform better using a particular specimen type,
which was not tested here. The collection of the virus
sample used for the Clearview and the BD Veritor
POCTs (dipping the swab into liquid and waiting at
least 15 seconds for absorption) resulted in a sample
volume of approximately 50 pL which, when combined
with the recommended diluent volume, resulted in the
lowest concentrations of virus used in this evaluation
(Table 2).

Other limitations of this study include the use of only
a single influenza A(H7Ng) isolate A/Anhui/o1/2013
(although this virus is genetically closely related to
other human influenza A(H7Ng) viruses for which
sequences have been reported) and the fact that clini-
cal specimens were not available for analysis. It is also
important to note that these POCTs have not been pri-
marily designed or licensed to detect influenza A(H7N9)
viruses or other avian-derived viruses.

Nevertheless, this study does demonstrate that the
sensitivity of at least four of the six evaluated POCTs
is lower for the novel influenza A(H7N9) virus than for
seasonal influenza viruses and the other avian influ-
enza A(Hy) viruses tested. Comparison with published
Ct values for clinical specimens from influenza A(H7N9)
patients suggested that these POCTs may not detect
the majority of influenza A(H7N9) cases, particularly
if samples are taken late in the course of disease.
Therefore RT-PCR remains the diagnostic test of choice
for the testing of suspected influenza A(H7N9) influ-
enza cases.
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Increasing trends for invasive infections with
extended-spectrum cephalosporin-resistant (ESC-R)
Enterobacteriaceae have been described in many coun-
tries worldwide. However, data on the rates of ESC-R
isolates in non-invasive infections and in the outpa-
tient setting are scarce. We used a laboratory-based
nationwide surveillance system to compare temporal
trends of ESC-R rates in Escherichia coli and Klebsiella
pneumoniae for in- and outpatients in Switzerland.
Our data showed a significant increase in ESC-R rates
from 1% to 5.8% in E. coli (p¢<o.001) and from 1.1% to
4.4% in K. pneumoniae (p=0.002) during an eight-year
period (2004-2011). For E. coli, the increase was sig-
nificantly higher in inpatients (from 1.2% to 6.6%), in
patients residing in eastern Switzerland (from 1.0% to
6.2%), in patients older than 45 years (from 1.2% to
6.7%), and in male patients (from 1.2% to 8.1%). While
the increase in inpatients was linear (p<o.o01) for
E. coli, the increase of ESC R K. pneumoniae isolates
was the result of multiple outbreaks in several insti-
tutions. Notably, an increasing proportion of ESC-R
E. coli was co-resistant to both trimethoprim-sul-
famethoxazole and quinolones (42% in 2004 t0 49.1%
in 2011, p=0.009), further limiting the available oral
therapeutic options.

Introduction

Extended-spectrum cephalosporins (ESCs), such as
those of third-generation (3GC, e.g. ceftriaxone, cefo-
taxime, ceftazidime) and fourth-generation (4GC,
e.g. cefepime), are frequently used antibiotics for the
treatment of severe infections, because of their ample
spectrum, strong bactericidal activity, and low toxicity.
However, during the past three decades, an increasing
number of ESC-resistant (ESC-R) Gram-negative patho-
gens have been reported worldwide [1].

Several mechanisms such as production of extended-
spectrum beta-lactamases (ESBLs), chromosomal
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(cAmpCs) or plasmid-mediated AmpCs (pAmpCs)
or carbapenemases may lead to phenotypic resist-
ance to ESCs. However, since their first description in
1983, ESBLs have been recognised as the most preva-
lent mechanism responsible for resistance to ESCs in
Enterobacteriaceae. While ESBLs during the 1990s were
mainly described in Klebsiella pneumoniae isolates
causing nosocomial outbreaks, ESBL-producing E. coli
causing community-acquired infections (especially uri-
nary tract infections (UTIs)) nowadays also represent a
serious challenge for the therapeutic armamentarium
[2]. According to the Infectious Diseases Society of
America (IDSA), ESBL-producing Klebsiella spp. and
E. coli belong to the six most important multidrug-
resistant (MDR) pathogens for which new therapies are
urgently needed [3].

The prevalence of ESC-R Enterobacteriaceae varies
worldwide. In 2009, 39% of E.coli isolated from inten-
sive care patients in the Asian/Pacific area were ESBL
producers, while rates were lower in Latin America
(25%), Europe (16.3%) and North America (8.7%) [4].
As described by the European Antimicrobial Resistance
Surveillance Network (EARS-Net), the prevalence rate
of ESC-R Enterobacteriaceae causing invasive infec-
tions increased significantly from 2007 to 2010 in
half of the reporting countries, but to different lev-
els. For instance, while the rates in 2010 were below
5% in Scandinavia and Iceland, rates above 10% were
found in 10 European countries (Bulgaria, Cyprus,
Czech Republic, Greece, Hungary, Italy, Latvia, Malta,
Romania and Spain) [5]. However, most surveillance
programmes have taken into consideration only iso-
lates responsible for invasive infections in hospital-
ised patients [6], and only a few studies at national
and local level have described rates of ESBL producers
in community-acquired UTIs or bloodstream infections
(BSls) [7-10]. As a result, data regarding the temporal
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trends of antibiotic resistance in the community are
still needed.

In this study, we describe in detail the temporal trends
of ESC-R E. coli and K. pneumoniae isolates in hospi-
tal and community settings in Switzerland during an
eight-year epidemiological study performed using the
data of the Swiss Antibiotic Resistance Surveillance
database ANRESIS [11].

Methods

Data collection

Antibiotic resistance data for E. coli and K. pneumo-
niae isolates were analysed using the ANRESIS data-
base [11]. The ANRESIS programme collects all routine
antibiotic resistance data from currently 22 clinical
microbiology laboratories located in Switzerland. The
ANRESIS laboratories are homogeneously distributed
across the country. They include university laborato-
ries, representing isolates mainly from tertiary-care
hospitals, as well as cantonal and private laboratories,
representing data from smaller hospitals and outpa-
tient clinics. They send antimicrobial susceptibility
test results (AST) of all routinely performed analyses,
including isolates from none-sterile sites.

From 2004 to 2010, all participating laboratories inter-
preted their ASTs according to the Clinical Laboratory
Standards Institute (CLSI) criteria in use at that time
[12]. During 2011, five of the 11 laboratories included in
this study changed their breakpoints according to the
European Committee of Antimicrobial Susceptibility
Testing (EUCAST) [13]. All institutions participated in at
least one quality control programme from the United
Kingdom National External Quality Assessment Service
(UK NEQAS), and/or the National External Quality
Program of the Institute of Medical Microbiology, Zurich
[14]. AST results from each laboratory were sent on a
regular basis, weekly or monthly, to the central data-
base located at our institution (Institute for Infectious
Diseases of the University of Bern).

For the present analysis, we used only data from the
11 laboratories sending data during the whole study
period. These laboratories were representative for
Switzerland. Moreover, hospitals performing fewer
than 200 microbiological samples per year were
excluded. Only clinical samples were analysed. When
there were multiple isolates with an identical resist-
ance pattern from the same patient and calendar year,
only the first was included into the analysis. According
to the hospital statistics of Switzerland for the year
2007 [16] and the statistics of Swiss physicians 2009
[17], the restricted data used for this analysis repre-
sent 30% of acute-care hospital beds in Switzerland
and 11.2% of all Swiss family physicians. The number
of BSIs was extrapolated using the 30% coverage of
acute-care hospitals in this study.
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Interpretation of the results

Resistant isolates were defined as those that were
resistant or had intermediate susceptibility against the
antibiotic tested. E. coli and K. pneumoniae isolates
resistant to at least one 3GC and/or 4GC antibiotic
were defined as ESC-R. The selection of 3GC and/or
4GC antibiotics tested differed between laboratories. If
one antibiotic of an antibiotic class (e.g. quinolones or
carbapenems) was resistant, the antibiotic class was
classified as resistant. Results were stratified accord-
ing to geographical region, in- versus outpatients
(where outpatient was defined as a person attending
a medical practice or outpatient clinic), age and sex
of the patient, and whether the isolate was from UTI
or BSI. For inpatients, nosocomial infection data (i.e.
sample(s) positive for ESC-R isolates at least three
days after hospitalisation) were analysed separately.

To examine seasonal trends, the period from April to
September was defined as ‘summer season’, whereas
that from October to March was defined as ‘winter sea-
son’. To compare prevalence rates of ESC-R E. coli and
confirmed ESBL-positive E. coli, we used data from our
own institution for the years 2009 and 2010. In this
case, detection of ESBL producers was performed by
double-disk synergy test (i.e. ceftriaxone, ceftazidime,
cefpodoxime discs combined with an amoxicillin-clavu-
lanate disc, distance centre-to-centre 20 mm).

Statistical analysis

To calculate 95% confidence intervals (Cls) of pro-
portions, we used the modified Wald method [18].
Proportions were compared using two-tailed chi-square
test or Fisher’s exact test using Epi info Version 3.4.3
(Centers for Disease Control and Prevention, Atlanta,
United States). We analysed the time trends with linear
regression using GraphPad Prism Version 5.04.

Results

The overall study included 160,010 E. coli and 21,290
K. pneumoniae isolates. ESBL confirmation was done
for 225 ESC-R E. coli and 48 ESC-R K. pneumonia iso-
lated during the years 2009 and 2010 at the University
Hospital of Bern. Of these, 210 (93.3%) E. coli and 46
(95.8%) K. pneumoniae isolates were confirmed as
ESBL producers by the double disc synergy test.

During the eight-year period, a total of 63,743 E. coli
(39.8%) and 11,083 (52.1%) K. pneumoniae were
isolated from hospitalised patients from 34 differ-
ent hospitals, and 96,267 E. coli (60.2%) and 10,207
K. pneumoniae (47.9%) isolates were collected from
outpatients. Of the outpatient samples, 45,395 (47.2%)
of E. coli isolates and 4,746 (46.5%) of K. pneumoniae
isolates were collected in outpatient clinics, the rest
were collected by general physicians.

Escherichia coli
Between 2004 and 2011, the prevalence of ESC-R E. coli
increased significantly from 1.0% to 5.8% (p<0.001).
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TABLE

Number and proportion of Escherichia coli and Klebsiella pneumoniae isolates with extended-spectrum cephalosporin
resistance, Switzerland, 2004 and 2011

Switzerland all

2004
n/all (%)

Escherichia coli

2011
n/all (%)

2004
n/all (%)

Klebsiella pneumoniae

2011
n/all (%)

157/15,469 (1.0) 1,425/24,631 (5.8) <0.001 23/2,070 (1.1) 153/3,490 (4.4) 0.002
In- outpatient Pb=0.027 PP=0.189
Inpatients 81/7,012 (1.2) 582/8,846 (6.6) <0.001 16/1,163 (1.4) 87/1,659 (5.2) 0.007
Outpatients 76/8,457 (0.9) 843/15,785 (5.3) <0.001 7/907 (0.8) 66/1,831 (3.6) <0.001
Hospital size P’=0.457 PP=0.733
<200 beds (n=4) 28/2,827 (1.0) 251/3,883 (6.5) <0.001 5/389 (1.3) 30/657 (4.6) 0.030
200-500 beds (n=12) 27/2,730 (1.0) 202/3,310(6.1) <0.001 6/464 (1.3) 37/645 (5.7) 0.020
»500 beds (n=18) 26/1,455 (1.8) 129/1,653 (7.8) <0.001 5/310 (1.6) 20/357 (5.6) 0.005
Departments P°=0.546 PP=0.451
Intensive care unit 5/398 (1.3) 35/500 /7.0) <0.001 1/134 (0.8) 10/190 (5.3) 0.261
Others 76/6,614 (1.2) 547/8,346 (6.6) <0.001 15/1,029 (1.5) 77/1,469 (5.2) 0.006
Outpatients P’=0.399 P°=0.117
Outpatient clinics 33/3,743 (0.9) 360/7,255 (5.0) <0.001 3/417 (0.7) 35/824 (4.3) 0.002
General physicians 43/4,714 (0.9) 483/8,530 (5.7) <0.001 4/490 (0.8) 31/1,007 (3.1) 0.001
Regions® P°=0.037 PP=0.417
Eastern Switzerland 94/9,161 (1.0) 896/14,402 (6.2) <0.001 18/1,364 (1.3) 89/2,237 (4.0) 0.004
g\?vl#;;r’\{aesgem 63/6,308 (1.0) 529/10,229 (5.2) <0.001 5/706 (0.7) 64/1,253 (5.1) 0.007
Sample¢ PP=0.942 p°=0.869
Blood 12/795 (1.5) 68/1,095 (6.2) <0.001 2/145 (1.4) 8/226 (3.5) 0.047
Urine 119/12,815 (0.9) 1,112/20,815 (5.3) <0.001 10/1,386 (0.7) 104/2,523 (4.1) <0.001
Respiratory 3/373 (0.8) 57/547 (10.4) <0.001 2/307 (0.7) 18/449 (4.0) 0.33
Wounds 18/1,293 (1.4) 156/1,167 (13.4) <0.001 6/355 (1.7) 22/308 (7.1) 0.09
Age group (years) P><0.001 PP=0.432
2 9/860 (1.0) 27/857 (3.2) 0.018 3/122 (2.5) 6/120 (5.0) 0.737
2-15 12/1,204 (1.0) 68/1,300 (5.2) <0.001 2/62 (3.2) 4175 (5.3) 0.660
15—45 26/4,05¢4 (0.6) 223/5,909 (3.8) <0.001 2/311 (0.6) 20/452 (4.4) 0.016
45-65 30/3,070 (1.0) 313/4,983 (6.3) <0.001 6/453 (1.3) 68/1,454 (4.7) 0.017
»65 80/6,281 (1.3) 794/11,582 (6.9) <0.001 10/1,122 (0.9) 55/1,389 (4.0) 0.002
Sex® P<0.001 PP=0.138
Female 111/11,738 (1.0) 958/18,825 (5.1) <0.001 14/1,305 (1.1) 75/2,238 (3.4) 0.010
Male 46/3,725 (1.2) 467/5,800 (8.1) <0.001 9/764 (1.2) 78/1,252 (6.2) <0.001

o

o

-

all other cantons.

a
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Other sample locations are not shown, therefore figures do no sum up to the total number.
¢ Sex was not specified for six E. coli isolates.
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Significance level indicating the probability that the slope of the linear regression using data of all years between 2004 and 2011 equals o.
Significance level indicating the probability that the slopes in the subgroups are equal by chance.
South-western Switzerland includes the cantons Geneva, Vaud, Neuchatel, Jura, Fribourg, Valais and Ticino; eastern Switzerland includes




FIGURE 1

Co-resistance rates for ESC-R and non-ESC-R Escherichia coli and Klebsiella pneumoniae isolates, Switzerland, 2004-11
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ESC-R: extended-spectrum cephalosporins-resistant; SXT: trimethoprim-sulfamethoxazole.

Resistance rates and 95% confidence intervals for different antibiotics for ESC-R and non-ESC-R E. coli and K. pneumoniae for the years 2004
to 2011. Fosfomycin and nitrofurantoin were not tested against K. pneumoniae isolates. Because of low numbers data are not shown for
fosfomycin for the years 2004 to 2007. P values are given for significant trends only (p<o.05).
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FIGURE 2

Increase in ESC-R rates in Escherichia coli and Klebsiella pneumoniae in 34 hospitals in Switzerland, 2004-11
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ESC-R: extended-spectrum cephalosporins-resistant; p: significance for correlation; r: Pearson’s correlation index.

A. Means and standard error of the means of ESC-R prevalence rates in 34 Swiss hospitals from 2004 to 2011. The linear regression showed
significant increase over time for E. coli and K. pneumonia (p<o.001 for both), correlation was linear for E. coli (p<0.001) and K. pneumoniae
(p=0.007).

B. Rates of ESC-R isolates for individual hospitals. While the increase of ESC-R rates was steady and comparable in all hospitals for E. coli, we
observed high variability between different years and hospitals for K. pneumoniae.
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FIGURE 3

Distribution of ESC-R Escherichia coli and Klebsiella pneumoniae isolates, by sampling location, Switzerland, 2004-2011
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* p<0.001.

ESC-R E. coli as well as ESC-R K. pneumoniae were isolated mostly from urinary samples. ESC-R K. pneumoniae were isolated 2.2 times more
frequently from respiratory or wound samples than ESC-R E. coli (p<0.001).

This time trend was linear and without seasonality
(data not shown). This increase in rates of ESC-R iso-
lates was observed in all patient groups analysed
and was significantly more pronounced in inpatients
(p=0.027), in eastern Switzerland (p=0.037), in male
patients (p<o0.001), and those older than 45 years
(p¢o0.001) (Table). There was no difference between
patients under 15 and those 15-45 years of age, or
between the age groups 45-65 years and over 65
years, although there was a trend for lower resistance
in children younger than two years compared with
those 2—15 years-old (p=0.055). We noted a significant
increase of ESC-R isolates (from 0.6% in 2004 to 3.5%
in 2011; p<o.0o01) in female patients aged between 15
and 45 years. In inpatients, we did not record differ-
ences between those with a nosocomial infection and
those without (p=0.15).

The absolute number of BSIs due to ESC-R E. coli
increased from 12 in 2004 to 68 in 2011. Extrapolated
to the overall Swiss population with 7.95 million inhab-
itants at the end of 2011 [19], we would expect that BSls
due to ESC-R E. coli increased from 40 (0.5/100,000
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inhabitants) to 227 (2.9/100,000 inhabitants) episodes
per year.

The co-resistance rates to other antibiotic classes are
shown in Figure 1. Rates were significantly higher for
ESC-R than non-ESC-R E. coli isolates. Co-resistance did
not differ between in- and outpatients (data not shown).
For the non-ESC-R E. coli isolates, rates increased sig-
nificantly over time for sulfamethoxazole-trimethoprim
(SXT; 20.9% in 2004 versus 24.0% in 2011, p<0.001),
quinolones (10.3% in 2004 versus 17.4% in 2011,
p<o.001), the combined resistance to SXT and qui-
nolones (7.1% in 2004 versus 10.1% in 2011, p<0.001),
piperacillin-tazobactam (1.6% in 2004 v versus. 3.0%
in 2011, p=0.005), and gentamicin (3.8% in 2004 ver-
sus 4.9% in 2011, p<o.oo1). For the ESC-R E. coli, we
observed an increase in co-resistance to gentamicin
(28.2% in 2004 versus. 33.6% in 2011, p=0.013), SXT
(52.9% in 2004 versus. 60.1% in 2011, p=0.015), and
combined resistance to SXT and quinolones (42.0% in
2004 versus 49.1% in 2011, p=0.009), and a non-sig-
nificant increasing resistance rate for quinolones alone
(58.0% in 2004 versus 67.8% in 2010, p=0.06).
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Klebsiella pneumoniae

Overall, from 2004 to 2011 ESC-R K. pneumoniae
isolates increased significantly from 1.1% to 4.4%
(p=0.002). The increase was comparable in all patient
subgroups (Table) and significant and linear in inpa-
tients (Table, Figure 2A). However, in contrast to ESC-R
E. coli, the Pearson’s correlation index was lower due
to higher variability between different years in single
hospitals (Figure 2B). Furthermore, ESC-R K. pneumo-
niae isolates were more frequently isolated from other
sites than blood or urine than ESC-R E. coli (34.3%
K. pneumoniae versus 17.4% E. coli, p<o.001). In par-
ticular, about two thirds of these non-blood, non-urine
ESC-R K. pneumoniae were isolated from wounds or
respiratory samples (Figure 3).

As shown in Figure 1, co-resistance in ESC-R K. pneu-
moniae exceeded 50% for all antibiotic classes tested
except for aminoglycosides (gentamicin 30.8% and
amikacin 6.0%) and carbapenems (4.1%) in 2011.
These resistance rates were significantly higher in
ESC-R than in non-ESC-R K. pneumoniae isolates.
While there was no significant trend in co-resistance
in ESC-R K. pneumoniae, we observed a significant
increase in resistance in non-ESC-R K. pneumoniae for
amoxicillin-clavulanate (5.1% in 2004 versus 11.5% in
2011, p=0.035), piperacillin-tazobactam (2.3% in 2004
versus 8.3% in 2011, p=0.030), and for double resist-
ance to SXT and quinolones (2.5% in 2004 versus 5.3%
in 2011, p=0.028).

Discussion

Increasing rates of ESC-R Enterobacteriaceae have
been described worldwide, however most data rely on
BSls in inpatients [2,6,20]. Data on prevalence of ESC-R
isolates among outpatients are rare and restricted
to single years (e.g. France, 2006 [7]; Italy, 2003 [8];
Spain, 2006 [9]; Turkey, 2007 [10]). Only one of these
studies compared rates of ESC-R Enterobacteriaceae
among in- and outpatients [8], and data regarding
temporal trends among outpatients are missing. Here,
we present the temporal trends of ESC-R E. coli and
K. pneumoniae among outpatients and compare the
epidemiology of in- and outpatients from 2004 to 2011.

E. coli

According to EARSS data, rates of ESC-R E. coli isolated
from BSls increased from 2.7% in 2003 to 8.2% in 2009
[21]. Although such prevalence was lower in our popu-
lation (1.5% in 2004 and 6.2% in 2011), the increasing
trend was comparable with the above European data.
We calculated an annual incidence of 2.9/100,000
cases of BSI due to ESC-R E. coli in 2011, which is in
the same range as the average of 2.6/100,000 cases
described in the 31 countries participating in EARSS in
2007 [21]. The societal and economic burden of infec-
tions due to ESC-R E. coli is remarkable. Taking into
consideration the morbidity and mortality data avail-
able in the literature, we would estimate 58 additional
deaths and 1,131 additional hospital days attributable
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to BSI due to ESC-R E. coli in 2011 in Switzerland [22].
Extrapolating to other clinical manifestations, such as
lower respiratory tract infections, skin and soft tissue
infections and UTls, we would expect 838 infections
leading to 131 deaths and 9,233 additional days of hos-
pitalisation [23] in Switzerland during the year 2011.

Rates of ESC-R E. coli increased steadily in all patient
subgroups analysed, but especially in patients older
than 45 years, in male patients and inpatients. This
observation probably reflects the higher prevalence
of established risk factors for infections due to ESBL
producers in these sub-populations, such as older age,
diabetes mellitus, prostate disease, previous antibiotic
use, indwelling catheters, recurrent UTls, recent hospi-
tal admission and residence in long-term care facility

[24-30].

Rates of ESC-R E. coli also increased significantly over
time in lower risk populations, such as young women
and outpatients. This correlates well with European
studies demonstrating increasing faecal carriage rates
of ESBL-producing E. coli in the outpatient setting
[31-34]. In Switzerland, a recent study detected ESBL-
producing E. coli in 5.8% of routine stool samples from
staff members of meat-processing companies [35],
whereas as many as 15.2% of pigs and 17.1% of cattle
at slaughter carried ESBL-producing E. coli, indicating
that there is an established reservoir of these organ-
isms in farm animals in Switzerland [36].

Co-resistance in ESC-R E. coli is frequent and at least
in part due to the fact that genes coding for the resist-
ance to different antibiotics are located on the same
plasmids [6]. In our study, roughly half of ESC-R E. coli
were resistant to both SXT and quinolones. Resistance
rates to these antibiotics increased over time, whereas
resistance to nitrofurantoin and fosfomycin did not
increase between 2004 and 2011, indicating that both
antibiotics are still a valuable alternative for non-com-
plicated UTIs [37]. For invasive infections, carbapenems
are still a valuable option, but it is feared that spread of
carbapenemase producers (e.g. KPC and NDM produc-
ers) will increase the incidence of MDR bacteria [38].

K. pneumoniae

K. pneumoniae is the second most frequent cause
of Gram-negative BSIs after E. coli and often affects
patients with impaired immune system such as
patients with diabetes, alcohol problems and hospital-
ised patients with indwelling devices [5]. In our popu-
lation, BSls due to K. pneumoniae in 2011 were eight
times less frequent than those due to E. coli.

As for E. coli, prevalence rates of ESC-R K. pneumo-
niae are increasing worldwide. Between 2007 and 2010
rates of ESC-R K. pneumoniae increased significantly in
nine of 28 countries participating in EARSS, leading to
very different rates (from below 1% in northern coun-
tries to greater than 50% in some south-eastern coun-
tries) [6]. Restricting our analysis to blood cultures, we
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observed an increase in ESC-R isolates from 1.4% in
2004 to 3.5% in 2011 (p=0.05), which is comparable to
the northern countries of Europe [5].

As for E. coli, rates of ESC-R K. pneumoniae increased
in all patient subgroups but, in contrast to E. coli,
there were no differences by age or sex. Resistance
to other antibiotic classes was even higher than in
E. coli. Indeed, ESC-R K. pneumonia resistance rates in
2011 were above 50% for all antibiotics tested except
aminoglycosides and carbapenems. Carbapenemase
resistance in ESC-R K. pneumoniae increased from 0%
to 4.1%, which was not significant (p=o0.11). However,
in view of the global epidemiology, this finding prob-
ably anticipates a worrisome expansion of these life-
threatening pathogens [39].

In contrast to E. coli, infections with ESC-R K. pneu-
moniae are still mainly hospital-associated [40], with
outbreaks more frequently reported for ESC-R K.
pneumonia than for ESC-R E. coli [41,42]. This is sup-
ported by our analysis demonstrating that the increase
of infections due to ESC-R K. pneumoniae was more
pronounced in inpatients, which is mainly due to the
accumulation of multiple small outbreaks in single hos-
pitals (see Figure 2b). Several reasons for the higher
frequency of outbreaks in K. pneumoniae have been
postulated: (i) environmental contamination occurs
significantly more often when the patient is carrying
ESBL-producing K. pneumoniae compared with ESBL-
producing E. coli [41]; (ii) K. pneumoniae has a higher
ability to persist in the environment due to the forma-
tion of biofilms [43]; (iii) some antiseptics (e.g. chlo-
rhexidine or hexamidine) are less effective against
K. pneumoniae [44]. In addition, our data demonstrate
that ESC-R K. pneumoniae were more frequently iso-
lated from wounds or the respiratory tract, which may
facilitate transmission, when standard hygiene precau-
tions are not implemented.

Our study has several limitations. Because physicians
frequently implement an empirical treatment for UTls
and provide a urine sample only if the infection does
not improve, our analysis may overestimate the real
incidence of ESC-R [45]. In addition, it is important
to note that our study describes the epidemiology of
ESC resistance, which includes ESBL, pAmpCs and
cAmpCs. However, our data are consistent with those
of the European Center for Disease Prevention and
Control (ECDC), which also use ESC-R as a surrogate
for ESBL production, demonstrating that 65 to 100%
of ESC-R E. coli in Europe are ESBL producers [5]. We
were not able to perform genetic analysis to confirm
the presence of ESBL genes in our collection of iso-
lates. Performing phenotypic ESBL confirmation tests
in a subset of our samples, we speculate that about 93
to 96% of ESC-R isolates in Switzerland are true ESBL
producers. However, the clinical impact of confirming
ESBL production is debated, and newer guidelines
even abstain from confirmatory tests and at least for
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clinical decisions completely rely on phenotypic resist-
ance testing results [46,47].

In conclusion, we demonstrate a significant increase of
ESC-R E. coli and K. pneumoniae isolates in the period
from 2004 to 2011 in Switzerland. This increase is com-
parable to other European countries. Our data allowed
us to demonstrate an increase in ESC-R in non-invasive
and in outpatient samples and to estimate the burden
of disease in Switzerland. National surveillance should
be implemented and maintained to monitor the spread
of life-threatening MDR pathogens and support phy-
sicians in the implementation of correct and effica-
cious antibiotic treatments in community and hospital
settings.
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