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During a three-month period in spring 2011, 23 cases 
of measles occurred in seven independent outbreaks 
in a region in Spain with around 700,000 inhabit-
ants, where the disease had been eliminated since 
1997. High vaccination coverage and rapid diagnosis 
allowed implementation of containment measures 
and this prevented spread of the disease. Except for 
the first outbreak which affected 10 cases, each of the 
other six outbreaks caused a maximum of three sec-
ondary cases. 

In spring 2011, 23 measles cases were detected in 
Gipuzkoa, a region in Spain bordering the south of 
France, where no measles cases had been reported 
since the second half of the 1990s [1]. The cases were 
not grouped into a single outbreak but belonged to 
several outbreaks, with distinct origins. This report 
describes measles circulation in Gipuzkoa from March 
to June 2011 and the control measures adopted and 
implemented.

Gipuzkoa is a territory of the Basque Country in north-
ern Spain and it has a population of around 700,000 
inhabitants. Coverage of the measles-mumps-rubella 
(MMR) vaccine has been over 90% since 1987 for the 
first dose in children aged 12 months and since 2002 
for the second dose in children aged four years, respec-
tively. Since 2007, coverage for the two MMR vaccine 
doses has been over 95%. Measles is included in the 
mandatory disease notification system in Spain.

Description of the outbreaks
Between 23 March and 29 June 2011, 23 cases of mea-
sles were detected through the Microbiological and 
Epidemiological Surveillance System of the Basque 
Country and they were distributed in seven independ-
ent outbreaks (Table).

In the outbreaks described here, specific IgM detec-
tion was performed through indirect ELISA (Enzygnost 
Anti-Measles Virus/IgM, Siemens, Germany). Viral RNA 
detection was carried out in pharyngeal swabs, saliva 

Table
Measles outbreaks in Gipuzkoa, the Basque Country, Spain, March–June 2011

Outbreak start (2011) Index casea Number of secondary cases Type of outbreak Genotype (number of genotyped cases)
March 1 adolescent 3 children + 6 adults Institutional D4 (9)
April 1 adult 0 Isolated case D4 (1)
May 1 child 0 Isolated case D4 (1)
May 2 children 2 children + 1 adult Familial-school D4 (4)
May 1 adult 0 Isolated case NA
May 1 adult 1 adolescent + 1 adult Familial G3 (3)
June 1 adult 1 adult Familial D4 (2)

NA: not available.
a Child: aged 0–14 years; adolescent: aged 15–20 years; adult: aged ≥21 years.
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and/or urine through amplification of a nucleoprotein 
(N) gene fragment [2]. The viral RNA samples were proc-
essed in order to obtain the genotype [3]. The genetic 
sequences obtained were deposited in the GenBank 
(access number JN695499 to JN695503).
 
All but two cases were confirmed by viral RNA detec-
tion; one of these two cases was diagnosed by the 
presence of specific IgM. The second case occurred in 
a preschool aged boy, whose parents refused collec-
tion of biological samples from their child. However, 
the boy showed symptoms typical of the disease and 
was from a family with two confirmed measles cases. 
Virological tests excluded measles in 21 patients with 
rash in whom measles had initially been considered as 
diagnosis but later rash proved to be caused by other 
viral infections.

The first outbreak was the largest, with 10 cases, and 
occurred in a centre where people live collectively. 
Every day, the index case went to study in a neighbour-
ing town in the Atlantic Pyrenees, a district in France 
where there were numerous measles cases registered 
during that period (incidence rate ranged from 15 per 
100,000 population to 30 per 100,000 population) [4]. 
This outbreak affected four children, four workers in the 
centre and two more persons (one of them was working 
in a hospital and got infected after contact with a child 

of this outbreak in the paediatric emergency room of 
the hospital).

The remaining six outbreaks were smaller, mainly 
affecting families that were against vaccination. In all 
outbreaks, except one whose origin was unknown, the 
index case got infected outside the Basque Country. 
Two index cases had visited France during the 7 to 21 
days before contracting the infection, two further co-
index cases had visited northern France (EuroDisney) 
and three had visited other regions of Spain (Andalusia, 
Madrid and Catalonia). Seventeen of the 23 affected 
individuals, including the eight index cases had not 
been vaccinated, four had received one dose and one 
had received two doses, while the vaccination status 
of one affected individual was unknown. Four persons 
were hospitalised due to respiratory complications fol-
lowing measles (two persons in their thirties, one in 
their twenties and an infant under one year of age). 
The virus was genotyped in 20 patients: 17 belonged to 
genotype D4, including all those where the index case 
had been infected in France, and three belonged to G3 
but the place of infection was unknown.

Control measures
Persons with suspected measles were recommended to 
stay away from school or work and remain at home for 
seven days after the onset of the rash or until the diag-
nosis was excluded, if established before the end of the 
seven-day period. Children and adults from household 
or school, aged less than 40 years, who had had con-
tact with a measles case and who had not previously 
received two vaccine doses, were offered MMR vac-
cination. All contacts, or in the case of children, their 
legal guardians, were informed about the symptoms of 
measles and were advised to seek medical attention if 
they experienced one or more of the following symp-
toms: fever, rash, red eyes, malaise and sore throat. 
In addition, the Department of Public Health alerted 
the network of primary care physicians with regards to 
the epidemiological situation of measles through elec-
tronic reports sent by email or through telephone calls.

Discussion and conclusion
After more than a decade with no measles cases 
detected in the region [1], seven separate outbreaks 
were detected within a few months in this area in the 
Basque Country. This striking viral activity coincided 
with a substantial increase in measles circulation in 
other European regions, in particular in neighbouring 
France [5]. This report shows that imported cases of 
measles pose a risk even to regions with high vacci-
nation coverage in which endemic measles has been 
eliminated. In Gipuzkoa, the spread of the disease was 
probably contained by the high vaccination coverage 
in previous years and the rapid response of the differ-
ent partners involved in the primary healthcare system 
and surveillance services. As in other recent outbreaks 
in Europe [6] most affected individuals had not been 
vaccinated, infection in persons who had received two 
vaccine doses being exceptional. Four of the seven 

Figure
Phylogenetic tree of 20 measles viruses detected in 
Gipuzkoa compared with six reference strains, the Basque 
Country, Spain, March–June 2011

The tree was constructed through the neighbor-joining method 
with 1,000 bootstrap replications and shows bootstrap values in 
the branches.

 546106-outbreak 1
 246309-outbreak 7
 15353489-outbreak 1
 546097-outbreak 2
 546037-outbreak 1
 546246-outbreak 1
 546668-outbreak 4
 448929-outbreak1
 546670-outbreak 4
 546108-outbreak 1
 546606-outbreak 3
 GQ428173-MVs/Montaigu.FRA/43.08/D4
 546104-outbreak 1
 546474-outbreak 1
 546399-outbreak 1
 5137676-outbreak 7

 546798-outbreak 4
 546883-outbreak 4

 EF600554-MVs/Enfield.GBR/14.07/D4
 HM136513-MVs/Faro.POR/35.08/D4

 U01976-MVi/Montreal.can/89/D4
 AM849093-MVs/Bucharest.ROU/48.04/2/D4

 AY184217-MVi/Gresik.INO/18.02/G3
 546811-outbreak 6
 65045397-outbreak 6
 HQ704356-MVs/Paderborn.DEU/40.10/G3
 65045398-outbreak 6

87

100

98
67100

33

67

46

0.01



4 www.eurosurveillance.org

outbreaks were related to groups who were against 
vaccination.

Unvaccinated people pose a substantial risk to the 
general public, and if they refuse vaccination, they 
should restrict their contacts with the general popula-
tion (school, day-care) in epidemic situations. In one 
of the outbreaks in Gipuzkoa, there was resistance to 
comply with the containment measures recommended. 
Notwithstanding the absence of any legislation, the 
community has a responsibility to protect those who 
cannot be vaccinated – this can be done by ensuring 
herd immunity. More than half of the cases occurred 
in young persons, without prior contact with the virus, 
who were born around the time when vaccination cam-
paigns started (1975-1990).

The D4 genotype, the main genotype detected, was 
predominant in recent outbreaks in France, Spain and 
other European countries [5,7]. The G3 genotype was 
introduced in Europe in 2010 and one imported case 
has been reported in Spain [8]. Despite an exhaus-
tive epidemiological investigation, we were unable to 
determine the origin of the outbreak caused by the G3 
genotype.

Reaching and consolidating high vaccination coverage 
(with two doses) is essential to eradicate measles, a 
World Health Organization goal for Europe by 2015 [9]. 
However, the risk of measles resurgence will remain 
for as long as the virus continues to circulate in other 
regions of the world. Therefore, rapid diagnosis and 
notification, which allow implementation of contain-
ment measures, are crucial in the fight against this 
disease.
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On 10 September 2011, a patient in his 50s was admit-
ted to hospital in Ancona, Italy, after six days of high 
fever and no response to antibiotics. West Nile virus 
(WNV) infection was suspected after tests to deter-
mine the aetiology of the fever were inconclusive. On 
20 September, WNV-specific IgM and IgG antibod-
ies were detected in the patient’s serum. Genomic 
sequencing of the viral isolate showed that the virus 
belonged to WNV lineage 2. 

Case report
On 4 September 2011, a man in his late 50s in Ancona, 
Italy, first became unwell, with general malaise and 
fever (body temperature higher than 39.0 °C). For these 
reasons, his general practitioner (GP) prescribed antibi-
otics, but as the patient’s fever persisted after six days 
of treatment, he was admitted to hospital (Infectious 
Disease Unit of the Azienda Ospedaliero-Universitaria 
Ospedali Riuniti di Ancona). On 10 September, the 
ward physician reported that the origin of the fever 
was unknown and that there were no pulmonary or 
other organ-specific symptoms, except the persist-
ence of a general malaise. A chest examination was 
normal, as were the laboratory tests (haemocultures, 
urine  cultures, haemocytometer analysis, liver and 
renal biochemical tests, erythrosedimentation rate, 
C-reactive protein and blood electrolytes). He did not 
have neuroinvasive disease. He was discharged on 27 
September and has completely recovered.

The patient was a local fisherman who lived in Ancona, 
close to the harbour on the Adriatic coast. In the month 
before his symptoms began, he had neither travelled 
outside the Marche region (where Ancona is the main 
port) in central Italy, nor had he been at sea.

Virological analysis
Tests on a blood sample taken from the patient on 13 
September (tested at the Ancona Virology Laboratory) 
excluded cytomegalovirus, Epstein–Barr virus, human 

immunodeficiency virus and Toscana virus as the cause 
of the fever.

On 20 September, the same sample was also tested 
for West Nile virus (WNV), based on a recent protocol 
adopted by the laboratory for differential diagnosis 
of meningoencephalitis and for patients with fever 
of unknown origin in the summer months: WNV sero-
logical tests are performed in all patients negative for 
Toscana virus infection. The sample was found to be 
positive for WNV-specific IgM and IgG (with index val-
ues (signal/cut-off ratio) of  >5.4 and 2.0, respectively) 
using the IgM capture DxSelect ELISA and IgG DxSelect 
ELISA kits (Focus Diagnostics, United States) (Table).

Following the positive ELISA results for WNV, RNA 
extracted from serum (collected on 13 September) and 
urine (collected on 21 September) was reverse tran-
scribed and amplified by PCR using an in-house assay 
that uses degenerate primers designed to recognise a 
region in the NS5 gene that is conserved (on the basis 
of an alignment of database sequences) in most ani-
mal and human flaviviruses. In the case of WNV, the 
resulting PCR product is 273 bp long using the forward 
primer (5’-TGCATITWCAACATGITGGG-3’) and reverse 
primer (5’-GTRTCCCAICCIGCIGTGTCATC-3’). 

The patient’s serum sample tested negative, while the 
urine sample was positive. Sequencing the amplified 
product – in both forward and reverse directions with 
the same primers used for amplification – showed that 
the WNV NS5 gene sequence had been amplified.

BLAST analysis of the 273 bp sequence showed high-
est homology (100%) to the Nea Santa/Greece/2010 
WNV strain detected in Culex pipiens in 2010 [1] as well 
as to other strains belonging to WNV lineage 2.

The full genomic sequence of the virus was subse-
quently obtained from RNA extracted from the patient’s 
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urine sample of 21 September: this confirmed that the 
virus was lineage 2. It also showed 99% identity to the 
complete genome of isolate goshawk-Hungary/04 (10, 
380 of 10, 423 nucleotides identical and no gaps) and 
to the more recent Nea Santa-Greece-2010 (10, 374 of 
10,423 nucleotides identical and no gaps) [1-2]. The 
sequences obtained were submitted to GenBank: the 
accession numbers are JN797253 (NS5 fragment) and 
JN858070 (complete genome). The case was notified to 
the regional health authorities on 23 September and to 
the Istituto Superiore di Sanità on 26 September.

Another serum sample collected from the patient on 
26 September showed an increased WNV-specific IgG 
antibody titre and a high level of WNV-specific IgM. 
Plasma collected on the same day was negative for 
WNV by RT-PCR.

The serum samples collected on 13 and 26 September 
and the urine sample collected on 21 September were 
tested at the National Reference Laboratory for WNV 
surveillance at the Istituto Superiore di Sanità, which 
confirmed the diagnosis by amplification of a different 
region of the NS5 gene [3].

Urine and plasma samples collected on 28 September 
were also tested at the National Institute of Infectious 
Diseases L.Spallanzani, which further confirmed the 
diagnosis by amplification of WNV sequences in urine 
but not in plasma using the cobas TaqScreen West 
Nile Virus Test (Roche Molecular Diagnostics, United 
States). The plasma sample was also tested at the 
National Institute of Infectious Diseases L.Spallanzani 
for the presence of WNV-specific IgG and IgM by an 
indirect immunofluorescence assay (Euroimmun, 
Italy), which indicated high antibody titres. In addi-
tion, a microneutralisation assay against both lineage 
1 and 2 strains [4] revealed cross-neutralising activity. 
This does not demonstrate co-circulation of the two 

lineages; antibodies elicited by one WNV lineage are 
not expected to be highly lineage-specific, because of 
extensive antigenic similarity between the lineages.

WNV RNA was still detectable by the in-house RT-PCR 
analysis at the Ancona Virology Laboratory in the urine 
sample collected on 29 September, 25 days after symp-
tom onset.

The results of all serological and molecular investiga-
tions performed on the patient’s samples are shown in 
the Table.

WNV infection in Italy
WNV infections have been reported in both humans 
and horses since the summer of 2008 in north-eastern 
Italy [5-8] but until now, as far as we are aware, only 
WNV lineage 1 infections have been described in the 
country.

To the best of our knowledge, WNV infection has 
never been reported before in horses or other senti-
nel animals in the Marche region. A possible arthro-
pod reservoir has never been investigated, but given 
the absence of infection in sentinel animals and the 
absence of diagnosed cases of WNV meningoencepha-
litis, the region was considered to be at lower risk than 
the WNV-affected areas of north-east of the country 
[9].

In contrast, Toscana virus is endemic in the Marche, as 
well as in the rest of central Italy, and is routinely inves-
tigated in all cases of meningoencephalitis reported 
in the summer and in patients with fever of unknown 
origin. Due to the circulation of WNV in the north-east 
of the country, our laboratory testing algorithm was 
revised, introducing molecular (in summer 2010) and 
serological (in summer 2011) assays for the diagno-
sis of WNV infection. These assays are performed for 

Table
Serological and molecular test results on samples from the patient with West Nile virus lineage 2 infection, Italy, September 
2011

Date of sample collection
(2011) Sample type

ELISA 
IgG 

(index)a

ELISA 
IgM 

(index)b

IFA
IgG

(dilution)

IFA
IgM 

(dilution)

MNTA 
titre 

lineage 1

MNTA 
titre

lineage 2
RT-PCRc

13 Sep Serum 2.00 >5.40 ND ND ND ND Negative
21 Sep Urine NA NA NA NA NA NA Positive

26 Sep Serum (ELISA)
Plasma (RT-PCR) 3.01 >5.40 ND ND ND ND Negative

28 Sep Plasma (IFA and RT-PCR)
Urine (RT-PCR) ND ND >1:320 >1:320 1:20 1:40 Plasma negative

Urine positive
29 Sep Urine NA NA NA NA NA NA Positive

ELISA: enzyme-linked immonosorbent assay; IFA: immunofluorescence assay; MNTA: microneutralisation assay; NA: not applicable; ND: not 
done; RT-PCR: reverse-transcription polymerase chain reaction; WNV: West Nile virus.

a An index (signal/cut-off ratio) value of >1.50 indicates the presence of IgG antibodies to WNV.
b An index (signal/cut-off ratio) value of >1.10 indicates the presence of IgM antibodies to WNV.
c Carried out using an in-house protocol that uses degenerate primers designed to recognise a region in the NS5 gene that is conserved (on 

the basis of an alignment of database sequences) in most animal and human flaviviruses or, for the samples collected on 28 September 
2011, using the cobas TaqScreen West Nile Virus Test, a real-time RT-PCR (Roche Molecular Diagnostics).
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hospitalised patients in the Marche region during the 
months when mosquitoes and other insect vectors 
are active, generally from early June to late October. 
Although tests, carried out at the Ancona Virology 
Laboratory, are usually performed on blood and cer-
ebrospinal fluid (CSF), we recently detected WNV from 
urine from a kidney transplant patient with encepha-
litis in the context of an investigation into WNV trans-
mission through organ transplants (unpublished data): 
in this transplant patient, the virus was detectable in 
urine by molecular tests for a longer period than in 
serum, plasma or CSF, consistent with the fact that the 
kidney is a well-established site of active WNV replica-
tion in animals such as birds, dogs and rodents [10-12]. 
Persistent replication of the virus in kidneys in humans 
is supported by studies reporting WNV shedding in 
urine, not only early post-infection [13], but even years 
after the initial infection [14], although the issue is still 
debated [15]. In our modified algorithm, a urine sam-
ple – the preferred sample for virus detection – is cur-
rently requested from patients whose serological tests 
for WNV are positive in order to confirm the serological 
results by detecting WNV RNA.

Discussion
A number of cases of human WNV infection have 
been reported over the past few years in Italy [16], 
but never in or close to the Marche region, with the 
exception of one infection acquired through a kidney 
transplant from a donor from an affected region [17]. In 
the Marche, since the summer of 2010, tests for WNV 
infection have been performed exclusively for the dif-
ferential diagnosis of meningoencephalitis cases in 
the summer months . Since the summer of 2011, WNV 
serological tests are carried also out for patients with 
fever of unknown origin who are negative for Toscana 
virus. Had this diagnostic algorithm not been adopted, 
the cause of the patient’s febrile illness would not have 
been determined and the WNV lineage 2 strain would 
not have been identified.

This case report suggests that screening for human 
cases of WNV infection should be further strength-
ened in the summer, for cases with neuroinvasive dis-
ease and for patients with fever of unknown origin, in 
regions of the country not previously affected by WNV. 
It is well known that there is an extensive cross-reactive 
antibody response to members of the Flavivirus genus, 
thus molecular tests should be performed to confirm 
the clinical diagnosis and identify the causative virus.

Our data show that tests to detect WNV RNA in serum 
or plasma may give false-negative results due to the 
short duration of viraemia. Urine samples may be more 
appropriate when looking for the presence of WNV, 
because of longer shedding and higher viral load. 
Whole WNV genome reconstruction was also easily 
achieved from the urine sample.

The clinical presentation of the case here described 
was relatively mild. However, since this is the first 

case of WNV lineage 2 infection detected so far in the 
country, it is not possible to draw any conclusions 
on the virulence and neurotropism of the viral strain. 
Investigation of any future cases, as well as molecu-
lar analysis of the complete genome, could give further 
information about the presence of genetic determi-
nants of virulence.
It should be noted, however, that the incidence of 
meningoencephalitis or fever of unknown origin did not 
increase this summer in the Ancona province.

Autochthonous WNV human infection has been 
reported in several European countries this summer, 
including those of the Mediterranean. As of 20 October 
2011, 89 confirmed human cases of West Nile fever have 
been reported in the European Union (66 in Greece, 13 
in Italy and 10 in Romania ) and 149 in neighbouring 
countries (121 in the Russian Federation, 21 in Israel, 
3 in Turkey, 2 in Albania and 2 in the Former Yugoslav 
Republic of Macedonia) [18,19]. Notably, cases of WNV 
infection in Greece in 2011 occurred in areas that had 
not been affected in 2010 [19].

The WNV lineage 1 sequences from human infections 
in 2008 to 2009 in Italy were grouped into a distinct 
cluster within the western Mediterranean cluster [12], 
suggesting autochthonous spread of a single virus 
strain, without de novo introduction. The finding of the 
case in Ancona described in this report might suggest 
that viral strains circulating in other European coun-
tries during this summer might be spreading to Italy. It 
is possible that the lineage 2 virus reached Ancona via 
infected mosquitoes carried by ships or via birds from 
the eastern part of Europe. An epidemiological investi-
gation is under way in the Ancona area to identify risk 
factors for infection and the possible local spread of 
lineage 2 WNV among insect vectors and birds.

Whatever the origin of the virus, the finding of a case of 
WNV lineage 2 infection in the country deserves further 
attention, as it suggests that viral circulation routes 
may be expanding, and, possibly, that there is an 
increased opportunity for this lineage 2 virus to adapt 
to new environments and ecological niches. It will be 
important to determine whether the present molecular 
diagnostic assays, designed mainly to detect lineage 1 
WNV, perform equally well for lineage 2 WNV. This may 
have important implications for effective screening of 
blood and organ donors.

As a result of this case of WNV infection, the same 
precautionary measures in force in the WNV-affected 
regions in north-east Italy were immediately adopted 
in the Marche, for the sake of safety of organ donation 
in the region. In particular, these measures concern the 
need to use a nucleic acid amplification test (NAAT) to 
check for the presence of WNV RNA in blood taken from 
organ donors living in the Marche region or who stayed 
at least one night in the region in the 28 days before 
notification of the case described in this report.
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In conclusion, stronger vector control programmes, 
integrated human and animal WNV surveillance and 
implementation of diagnostic procedures that include 
testing of urine samples for WNV detection could pro-
vide a useful contribution to controlling WNV spread 
and human disease.
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We describe the first cefixime-resistant Neisseria gon-
orrhoeae strain in Austria that caused treatment fail-
ure. It follows the first five cases in Europe of cefixime 
treatment failure, reported in Norway in 2010 and the 
United Kingdom in 2011. Effective treatment of gon-
orrhoea is crucial for public health control and, at 
present, requires substantially enhanced awareness, 
more frequent test-of-cure, interaction with experts 
after therapeutic failure, tracing and therapy of con-
tacts, and surveillance of gonococcal antimicrobial 
resistance and treatment failures worldwide. 

We report here the first Neisseria gonorrhoeae strain 
with resistance to cefixime in Austria, which caused a 
treatment failure with cefixime.

Gonorrhoea is the second most prevalent bacterial 
sexually transmitted infection (STI) worldwide, and 
the aetiological agent, N. gonorrhoeae, has developed 
resistance to all antimicrobials used as first-line treat-
ments. In most countries, the currently recommended 
first-line drugs are the extended-spectrum cepha-
losporins (ESCs) ceftriaxone (injectable) and cefixime 
(oral). However, the susceptibility of N.  gonorrhoeae 
to both is decreasing worldwide [1,2]. Cefixime stand-
ard treatment (400 mg single oral dose) has been pre-
ferred in many countries due to its effectiveness, the 
ease of an oral, single-dose regimen, and because, 
before 2010, verified treatment failures had only been 
reported in Japan [3]. However, two cases of clinical fail-
ures with cefixime standard treatment were described 
in 2010 in Norway [4], which were strictly verified 
using the World Health Organization (WHO) criteria [1], 
and three cases in 2011 in the United Kingdom [5,6]. 
Furthermore, the first gonococcal strain with high-level 
clinical resistance to ceftriaxone (the last remaining 
option for empirical first-line treatment), i.e. the first 
extensively drug-resistant gonococcus [1], was recently 
found in Japan [7]. It is now possible that gonorrhoea 
will become untreatable in certain circumstances and 
especially some settings [1,7].

Case report
In early July 2011, an Austrian man-who-has-sex-with-
men (MSM) had unprotected sex with one anonymous 
MSM in a gay sauna in Munich, Germany. Some days 
later, the Austrian man presented to an urologist in the 
region of Innsbruck, Austria (day 1), with symptoms 
of urethritis (urethral discharge and dysuria) that had 
been present for two days. The patient was adminis-
tered cefixime at a 400 mg oral dose once a day for 
seven days. On day 4, a urine sample taken on day 
1 was shown to contain N.  gonorrhoeae- as well as 
Chlamydia trachomatis-specific DNA using the Abbott 
m2000rt RealTime CT/NG PCR (Abbott Molecular 
Diagnostics). On day 8, he presented to a general prac-
titioner with persisting symptoms, and the same treat-
ment was prescribed for an additional 14 days. On day 
22, the patient returned with persisting symptoms to 
the urologist he had visited initially, and microscopy of 
a urethral smear displayed urethritis and intracellular 
Gram-negative diplococci within polymorphonuclear 
leukocytes. Furthermore, N. gonorrhoeae was cultured 
from an additional urethral sample taken on that day, 
and N. gonorrhoeae- as well as C. trachomatis-specific 
DNA was found in a urine sample using the Abbott PCR. 
The patient was on the same day given one oral dose 
of 2 g azithromycin. On day 43, follow-up examination 
showed that the symptoms and signs had resolved, 
and a PCR test (urine sample; Abbott PCR) was nega-
tive for N.  gonorrhoeae as well as for C.  trachoma-
tis). The patient repeatedly denied (on each visit) any 
sexual activities after recognition of symptoms and, in 
particular, between first treatment and test-of-cure.

Characterisation of the cefixime-
resistant Neisseria gonorrhoeae strain
Unfortunately, no pre-treatment N.  gonorrhoeae iso-
late was available. The post-treatment strain (cultured 
on day 22) was however species-confirmed using cul-
ture on selective agar medium, rapid oxidase produc-
tion, presence of Gram-negative diplococci, and two 
species-verifying assays, an in house sugar utilisation 
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test and Phadebact GC Monoclonal Test (Bactus AB, 
Sweden). The results of the characterisation of the 
strain are summarised in the Table.

The strain was assigned to serovar Bpyut, multilocus 
sequence typing (MLST) ST1901 and N.  gonorrhoeae 
multiantigen sequence typing (NG-MAST) ST1407, per-
formed as previously described [7,8]. The strain had 
minimum inhibitory concentrations (MICs) of five anti-
microbial drugs as follows: 1.0 mg/L of cefixime (aver-
age of 0.8 mg/L in four Etest determinations), 0.5 mg/L 
of ceftriaxone (average of 0.3 mg/L in four Etest deter-
minations), 0.25 mg/L of azithromycin, 8 mg/L of spec-
tinomycin, and >32 mg/L of ciprofloxacin (see Table). 
Accordingly, the strain was resistant to cefixime (>0.12 
mg/L), ceftriaxone (>0.12 mg/L), and ciprofloxacin 
(>32 mg/L), based on the breakpoints stated by the 
European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) [9]. The strain did not produce any 
beta-lactamase.

Sequencing of resistance determinants for penicillins 
and ESCs (penA, mtrR, porB1b, ponA and pilQ altera-
tions) were performed as previously described [7,8,10]. 
The strain contained a penA mosaic XXXIV allele [7] 
with a single additional amino acid alteration (T534A) 
in the gene for penicillin binding protein 2, and addi-
tionally the mtrR and penB resistance determinants, 
which all together caused the high MICs of the ESCs 
[7,10,11] (Table). Transformation experiments, per-
formed as previously described [7,12], confirmed that 
the only new resistance determinant, i.e. the novel 
penA mosaic allele (penA mosaic XXXIV allele with an 
additional T534A alteration), was responsible for the 
resistance to ESCs.

Discussion
We report here the first N.  gonorrhoeae strain with 
resistance to cefixime in Austria, which caused a treat-
ment failure with the internationally recommended 
first-line treatment cefixime. This treatment failure 
as well as two of the three previously reported ones 
in the United Kingdom [5,6] occurred in MSM, and an 
enhanced focus on prevention and control of gonor-
rhoea in MSM may be necessary. The present treatment 
failure was identified in an Austrian patient, however, 
the infection was contracted in Germany, which sug-
gests that this strain may be present in the MSM com-
munity in Germany.

Because no pre-treatment isolate was available, the 
same situation as for two of the three reported cases 
of cefixime treatment failures in the United Kingdom 
[5,6], it was not possible to verify the treatment failure 
in full accordance to the WHO criteria [1]. However, a 
detailed clinical history was recorded, reinfection was 
ruled out as much as is possible (denied on each visit 
by the patient), the post-treatment isolate was in vitro 
highly resistant to cefixime, and the strain contained 
genetic resistance determinants explaining the high 
cefixime MIC. Furthermore, the high cefixime MIC of 
the strain makes it most likely that this was a treat-
ment failure. According to Monte Carlo simulations, a 
400 mg dose of cefixime results in a median time of 
free cefixime above MIC (f T>MIC) of only 6.8 h (3.8-9.6 h) 
for the detected MIC of 1.0 mg/L [13]. Furthermore, one 
day (ca. 24 h) after administration of 400 mg cefixime 
the concentration of free cefixime is very low (ca. 0.03 
mg/L) [13]. Consequently, especially due to the short 
half life of cefixime (3.4 hours) administration of one 
400 mg dose per day for several days does not sub-
stantially extend the cefixime f T>MIC unless the MIC of 
the strain is relatively low [13]. This regimen accord-
ingly does not provide any major benefits, compared 
with the recommended cefixime single-dose regimen, 
for the treatment of gonorrhoea, is evidently not able 
to clear an infection with a gonococcal strain that has 
an MIC of cefixime of 1.0 mg/L; rather, it may select 
for higher ESC resistance. This emphasises the impor-
tance of adhering to appropriate treatment guidelines 
(i.e. using a 400 mg cefixime single-dose regimen, 
and, if failure is confirmed or suspected, another anti-
microbial drug), and of involving STI experts when 
the commonly used recommended treatment fails in a 
patient. It is now evident that cefixime treatment fail-
ures have occurred in several European countries. In 
many cases they may not be recognised because azi-
thromycin is additionally administered to many of the 
gonorrhoea patients (due to suspicion of chlamydial 
infection) [1,13], follow-up examination and test-of-
cure are rarely performed [1], or treatment failures are 
not appropriately verified and reported. The recently 
updated treatment guidelines in the United States [14] 
and the United Kingdom [15] recommend cefixime 400 
mg only as an alternative treatment (if ceftriaxone is 
not an option), and this change may need to be con-
sidered also in the European [16] and other treatment 

Table
Characteristics of the first Neisseria gonorrhoeae strain 
with resistance to cefixime and causing treatment failure, 
Austria, 2011

MIC 
(mg/L) MLST NG-

MAST
penA 
allele mtrR penB ponA

IX TX 

1.0 0.5 ST1901 ST1407 Mosaic
(novel)a

A-del in 
promoterb

G120K 
A121Nc L421Pd

IX: cefixime; MIC: minimum inhibitory concentration (Etest was 
used and only whole MIC dilutions are presented); MLST: 
multilocus sequence typing; NG-MAST: Neisseria gonorrhoeae 
multiantigen sequence typing; PCR: polymerase chain reaction; 
ST: sequence type; TX: ceftriaxone.

a Mosaic allele encodes a mosaic penicillin binding protein 2 
(PBP2), which causes decreased susceptibility to extended-
spectrum cephalosporins.

b Characteristic single nucleotide (A) deletion in the 
inverted repeat of the promoter region of mtrR that causes 
overexpression of the MtrCDE efflux pump, which results 
in a further decreased susceptibility to extended-spectrum 
cephalosporins.

c Alterations of amino acids 120 and 121 in the porin PorB1b that 
cause a decreased intake of extended-spectrum cephalosporins 
and, accordingly, a further decreased susceptibility to extended-
spectrum cephalosporins .

d Alteration of amino acid 421 in the penicillin-binding protein 1 
(PBP1), which results in decreased susceptibility to penicillins.
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guidelines. In all countries, it is crucial to maintain as 
much capacity as possible to culture and perform anti-
microbial resistance (AMR) testing of gonococci, for 
AMR surveillance purposes but also for adequate veri-
fication of treatment failures and, if needed, for inform-
ing the antimicrobial treatment of individual patients.

The present treatment failure was caused by a gono-
coccal strain of ST1407, which is multidrug-resistant 
and is spreading in many countries worldwide [17,18]. 
ST1407 or closely related subtypes also caused the 
recent treatment failures in Norway [4] and the United 
Kingdom [5].

In conclusion, clinical failures of gonorrhoea treat-
ment with the internationally recommended first-line 
treatment cefixime have occurred in three European 
countries. Improved prevention (e.g. condom use) and 
control of gonorrhoea, enhanced awareness of cefixime 
treatment failures, more frequent follow-up examina-
tion including test-of-cure and appropriate collection of 
demographic and behavioural data (e.g. sexual orien-
tation), and surveillance of gonococcal AMR and treat-
ment failures (appropriately verified and subsequently 
reported) are crucial worldwide to mitigate the spread 
and minimise the impact of ESC-resistant gonococcal 
strains and, accordingly, to ensure that gonorrhoea 
remains a treatable infection. Furthermore, adher-
ence to appropriate treatment guidelines and timely 
evidence-based revision of these guidelines, involve-
ment of STI experts when the commonly used recom-
mended treatment fails in a patient, as well as tracing 
and therapy also of sexual contacts of the index case 
are imperative. 
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We assayed the temperature sensitivity of 2009 pan-
demic influenza A(H1N1) viral isolates (n=23) and 
seasonal influenza A(H1N1) viruses (n=18) isolated in 
northern France in 2007/08 and 2008/09. All isolates 
replicated with a similar efficiency at 34 °C and 37 °C, 
and with a lower efficiency at 40 °C. The pandemic viral 
isolates showed a stronger heterogeneity in their abil-
ity to grow at the highest temperature, as compared 
with the seasonal isolates. No statistically significant 
difference in temperature sensitivity was observed 
between the pandemic viral isolates from severe and 
mild cases of influenza. Our data point to the impact 
of temperature sensitivity on the genetic evolution 
and diversification of the pandemic influenza A(H1N1) 
virus since its introduction into the human population 
in April 2009, and call for close surveillance of this 
phenotypic marker related to host and tissue tropism. 

Introduction
A novel influenza A(H1N1) virus emerged in April 2009 
[1-3] and rapidly spread all over the world. In France, the 
first cases were identified in early May 2009. The 2009 
pandemic A(H1N1) virus presented a unique combina-
tion of genomic segments that had not been reported 
previously [4]. The segments coding for the neurami-
nidase (NA) and the matrix (M) proteins of the virus 
were related to the Eurasian lineage of swine influenza 
A(H1N1) viruses, whereas the six remaining gene seg-
ments were related to triple swine–human–avian influ-
enza A(H1N1) reassortants that have been isolated from 
humans in contact with pigs in North America since 
1998 [5,6]. Although the properties of isolates of the 
2009 pandemic influenza A(H1N1) virus have already 
been largely examined in vitro and in vivo (for a review, 
see [7]), sensitivity to elevated temperature has not 
been characterised precisely. Temperature sensitivity 
is an important viral phenotypic marker, as it may be 
involved in host species restriction, tissue specificity 

and/or virulence [8-11]. In humans and pigs, influenza 
A viruses initially replicate in the upper respiratory 
tract at temperatures close to 33 °C and 37 °C, respec-
tively, whereas in aquatic birds, influenza A viruses 
with low pathogenicity preferentially replicate in the 
intestinal tract at a temperature close to 40 °C [12-14]. 
The sensitivity of avian influenza A viruses to low tem-
perature (33 °C) has been clearly demonstrated [15,16]. 
In contrast, no reduction in viral multiplication at 33 °C 
was observed for the swine viruses, and it has been 
proposed that temperature sensitivity might repre-
sent a specific, host-dependent signature of influenza 
A viruses [17]. Depending on the optimal temperature 
for viral multiplication, fever in infected patients may 
either limit or facilitate viral multiplication and conse-
quently the administration of anti-pyretic drugs may 
or not be beneficial. Treatment of ferrets infected with 
influenza virus with sodium salicylate (an anti-pyretic) 
resulted in increased viral loads in nasal washes [18].

In order to characterise and compare the temperature 
sensitivity of both pandemic influenza A(H1N1) viral 
isolates and seasonal viruses isolated in northern 
France in 2007/08 and 2008/09 before the emergence 
of the pandemic virus, we developed a test to compare 
viral multiplication at 34 °C, 37 °C and 40 °C.

Methods
Virus samples and reference isolates
We included 23 isolates of 2009 pandemic influenza 
A(H1N1) virus and 18 seasonal influenza A(H1N1) viral 
isolates in our study. The pandemic isolates were col-
lected in northern France between weeks 39 and 51 (24 
September to 16 December) in 2009; pandemic activity 
in this area started at week 42 in 2009, peaked at week 
49 and ended at week 2 in 2010 [19]. The isolates for 
the 2007/08 season were collected in northern France 
between week 44 (29 October) in 2007 and week 3 (14 
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January) in 2008 and those for the 2008/09 season 
between week 45 (3 November) in 2008 and week 4 (19 
January) in 2009.

One of the 2007/08 seasonal influenza A(H1N1) viral 
isolates, (A/Paris/1149/2008), was included in most 
experiments (12/13, due to a technical problem in one) 
as a control to assess the reproducibility of our experi-
mental conditions. A further 12 seasonal influenza 
A(H1N1) viral isolates from 2007/08, either susceptible 
or resistant to oseltamivir, and five seasonal influenza 
A(H1N1) viral isolates from 2008/09, all resistant to 
oseltamivir, were also included. These seasonal viral 
isolates were chosen at the beginning and peak of the 
influenza seasons in northern France, as for the pan-
demic isolates, and, for the 2007/08 seasonal isolates, 
we also took into account the co-circulation of viruses 
sensitive or naturally resistant to oseltamivir.

Among the 23 pandemic influenza A(H1N1) viral iso-
lates included in our study, we defined two distinct 
groups of viruses according to the disease severity of 
the patients (Table1). Information about the existence 
of underlying conditions prone to increase disease 
severity was noted when available (Table 1). Severe 
influenza cases were those who were hospitalised in 
an intensive care unit or died as a result of their infec-
tion. Patients with mild disease were matched as much 
as possible by the week and geographical area of 
collection.

Two representative isolates from the human North 
American triple reassortant influenza A(H1N1) viruses 
(A/Illinois/09/2007 and A/Ohio/02/2007) and from the 
swine Eurasian influenza A(H1N1) and Hong Kong tri-
ple reassortant internal gene (TRIG) influenza A(H1N2) 
lineages (A/Swine/Cotes d’Armor/0231/2006 and A/

Table 1
Origin and characteristics of 2009 pandemic influenza A(H1N1) viral isolates from mild and severe influenza cases, 
northern France, 24 September–16 December 2009 (weeks 39–51) (n=23)

Viral isolatea Sample type Week of 
sampling

Type of 
patientb

Age of 
patient 
(years)

Disease 
severity

Additional 
information

Haemagglutinin 
residue 

222c

Neuraminidase 
residue 

275c

20097639 Nasal and pharyngeal 51 Outpatient 40 Mild NA  E H
20097214 Nasal and pharyngeal 49 Outpatient 47 Mild  NA  D Y
20096074 Nasal and pharyngeal 45 Outpatient 16 Mild  NA  D H
20095771 Nasal and pharyngeal 44 Outpatient 24 Mild  NA  D H
20095509 Nasal and pharyngeal 42 Outpatient 45 Mild  NA  D H
20095501 Nasal and pharyngeal 43 Outpatient 8 Mild  NA  D H
20095383 Nasal and pharyngeal 42 Outpatient 29 Mild  NA  D H
20095016 Nasal and pharyngeal 41 Outpatient 14 Mild  NA  D H
20097391 Nasal and pharyngeal 49 Inpatient 44 Severe Deceased D H
20097367 Nasal and pharyngeal 48 Inpatient 26 Severe  NA  D H
20097155 Nasal and pharyngeal 48 Inpatient 2.5 Severe NA   D H
20097097d Lung 49 Inpatient 6 Severe Deceased D H
20097101d Brain 49 Inpatient 6 Severe Deceased Ge H
20096934 Nasal and pharyngeal 47 Inpatient 63 Severe Haemopathy D H

20095911 Nasal and pharyngeal 43 Inpatient 10 Severe Chronic respiratory 
insufficiency D H

20096365 Nasal 45 Inpatient 55 Severe Chronic obstructive 
bronchopneumopathy E H

20094517 Nasal and pharyngeal 39 Inpatient 20 Severe  NA D H
20094518 Nasal and pharyngeal 39 Inpatient 45 Severe NA  E H
20094785 Nasal and pharyngeal 40 Inpatient 29 Severe NA  E H

20096928 Nasal and pharyngeal 45 Inpatient 22 Severe  Acute respiratory 
distress syndrome D H

20097105 Lung 48 Inpatient 46 Severe Deceased G H
20097208 Nasal and pharyngeal 48 Inpatient 51 Severe Deceased D H
20097388 Nasal and pharyngeal 49 Outpatient   19 Severe Deceased (at home) D H

NA: not available.
a 2009XXXX stands for A/Paris/XXXX/2009.
b Samples from outpatients are from the Groupes Régionaux d’Observation de la Grippe (GROG), the national network of sentinel general 

practitioners and paediatricians and from the Réseau National des Laboratoires (RENAL), a network of hospital laboratories. 
c Sequence information refers to the viruses isolated after one passage in Madin-Darby canine kidney (MDCK) cells.
d Viruses 20097097 and 20097101 were isolated from the lung and brain, respectively, of the same patient.
e The sequence of the virus present in the original specimen was also determined, and a D was found at residue 222 of the haemagglutinin.    
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Swine/Hong Kong/1578/2003) [20], respectively, were 
tested in parallel.

Preparation and analysis of viral isolates
In order to produce suitable viral stocks, all isolates 
were amplified by two serial passages at a multiplic-
ity of infection of 10–3 plaque forming units per cell at 
35 °C in MDCK cells in serum-free minimal essential 
medium (MEM) containing 1µg/ml trypsin treated with 
L-(tosylamido-2-phenyl) ethyl chloromethyl ketone 
(TPCK). We assumed that the pandemic viral isolates 
would be able to grow efficiently at 35 °C (as the tem-
perature of the human upper respiratory tract is about 
33 °C) and we therefore chose to amplify the virus at 35 
°C rather than 37°C in order to avoid the preselection 
of variants that grow preferentially at high tempera-
ture. Viral stocks were clarified and aliquots for single 
use were kept frozen at –80 °C.

Viral RNA was prepared using the QIAamp Viral RNA 
Mini Kit (Qiagen). Reverse transcription PCR was car-
ried out using the SuperScript One-Step RT-PCR 
System with Platinum Taq DNA Polymerase (Invitrogen) 
and oligonucleotides specific for the haemagglutinin 
(HA) and NA segments. The amplicons were sequenced 
using a Big Dye terminator sequencing kit and an auto-
mated sequencer (Applied Biosystems). In some cases, 
pyrosequencing was used to determine specifically the 
sequence at residue 222 of the HA or at residue 275 of 
the NA. For the H275Y mutation, the primers GRswN1-
780Fw/090206 (5’-GGGGAAGATTGTYAAATCAGTYGA-3’) 
and GRswN1-1273Rv/090207 (5’-biotin-CWACCCAGAAR-
CAAGGYCTTATG-3’) were used for amplification, and 
GRswN1-804Fw/090208 (5’-GYTGAATGCMCCTAATT-3’) 
for sequencing, as previously described [21]. For 
the D222G mutation, the primers GRswH1-672Fw 
(5’-CAAGAAGTTCAAGCCGGAAATAGC-3’) and GRswH1-
821 Rv (5’-biotin-ATTGCGAATGCATATCTCGGTAC-3’) 
were used for amplification, and GRswH1-693Fw 
(5’-AGCAATAAGACCCAAAG-3’) for sequencing. Primers 
were designed using the Pyrosequencing Assay Design 
Software (Biotage). Pyrosequencing reactions were 
performed on purified biotinylated amplicons as previ-
ously described [22].

Temperature-sensitivity assays
Confluent three-day-old cultures of MDCK cells in 
96-well plates, prepared in MEM containing 5% foe-
tal calf serum and 50 µg/ml gentamycin, were washed 
twice with serum-free MEM before infection. Serum-
free MEM (170 µl/well) containing trypsin-TPCK (1µg/
ml) and gentamycin (50 µg/ml) were added to cultures. 
Ten-fold dilutions of each virus sample in MEM (30 µl/
well, 10 wells/dilution, 3 plates/virus sample) were 
added to cells. Plates were sealed with an adhesive 
membrane and covered with lids and incubated at 34 
°C, 37 °C and 40 °C. Incubators were used for incuba-
tion at 34 °C and 37 °C, whereas a water bath was used 
to incubate plates at exactly 40 °C.

Cytopathic effects were observed under the microscope 
three days after infection and virus titres as 50% tis-
sue culture infectious doses (TCID50) per mL were deter-
mined as previously described by Reed and Muench 
[23]. The reproductive capacity at the high, potentially 
restrictive temperature of 40 °C (RCT40 value) is the dif-
ference, in log values, between the titres at 40 °C and 
at 37 °C for each viral isolate. Similarly, the reproduc-
tive capacity at 34 °C (RCT34 value) is the difference 
in log values between the viral titres at 34 °C and at 
37 °C. Both RCT values are expressed as the mean ± 
standard deviation (SD) from at least three independ-
ent experiments.

Results
For all isolates tested, viral titres were similar at 34°C 
and 37°C; the RCT34 values varied between –0.63±0.53 
and +0.50±0.16 (Figure). In contrast, significant differ-
ences were observed between isolates grown at 40 °C, 
since the RCT40 values varied between 0.00±0.16 and 
–4.23±0.42. The RCT40 value of the pool of 2007/08 and 
2008/09 seasonal viruses varied between –2.40±0.29 
and –3.97±0.12, indicating that the titres of these 
viruses were about 250- to 9,300-fold lower at 40 °C 
than at 37 °C. The pandemic viruses showed RCT40 val-
ues ranging from –1.30±0.29 to –4.23±0.42, indicating 
that their titres were about 20- to 17,000-fold lower at 
40 °C than at 37 °C.

On average, pandemic viral isolates were about 
three-fold less sensitive at 40 °C than the pool of the 
2007/08 and 2008/09 seasonal viruses (RCT40 values 
of –2.55±0.82 and –3.06±0.46, respectively; p<0.05, 
Student’s t-test) and showed a significantly higher var-
iability in temperature sensitivity (variance ratio: 3.18; 
p<0.025, Fisher’s exact test). No statistically significant 
differences were seen in RCT40 values regardless of 
whether the pandemic viral isolates had been isolated 
from severe cases with or without underlying condition 
(n=15) or from mild cases (n=8) (Table 2).
 
Interestingly, two human isolates representative of the 
North American triple reassortant influenza A(H1N1) 
viruses (A/Illinois/09/2007 and A/Ohio/02/2007) grew 
similarly at 40 °C and 37 °C (Table 2). Their growth was 
thus clearly more resistant to high temperature than 
that of the pandemic viral isolates. The Hong Kong TRIG 
swine influenza A(H1N2) and Eurasian swine influenza 
A(H1N1) viruses included in our study showed an inter-
mediate phenotype between the triple reassortant and 
pandemic viruses (Table 2 and Figure).

A D222G substitution in the receptor binding site of 
HA was seen in two of the viral isolates included in 
our study (isolates 20097101 and 20097105). This sub-
stitution has been detected sporadically, with some 
degree of correlation between the presence of the 
substitution and the severity of the disease [24-27]. 
Isolates 20097101 and 20097105 showed RCT40 val-
ues of –2.25±0.57 and –1.33±0.12, respectively (data 
not shown). The 20097101 virus was isolated from the 
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brain of a young patient who died after infection and 
showed a G residue at position 222 of the HA (Table 
1). The viruses detected in the initial brain specimen 

showed a D at this position, but probably contained a 
low, undetectable fraction of viruses of the HA-222G 
genotype upon amplification in MDCK cells.

The 20097097 virus isolated from the lung of the 
same patient showed a D residue at position 222 of 
the HA (Table 1). No statistically significant difference 
in temperature sensitivity was observed between the 
20097101 and 20097097 isolates.

One of the pandemic viral isolates (20097214) included 
in our study had the H275Y substitution in the NA 
(Table 1) that is associated with oseltamivir resistance 
[28,29] and was characterised by a marked sensitivity 
to high temperature, with an RCT40 value of –3.90±0.57. 
However, the two panels of oseltamivir-resistant and 
-sensitive seasonal isolates from 2007/08 showed no 
statistically significant difference in temperature sen-
sitivity (Table 2 and Figure). Overall, our results sug-
gest that neither the D222G substitution in the HA nor 
the H275Y substitution in the NA have a major impact 
on the viral sensitivity to high temperature.

The NA and M gene sequences of the 23 pandemic 
viral isolates included in our study were determined: 
the Global Initiative on Sharing Avian Influenza Data 
(GISAID) accession numbers are shown in Table 3. The 
NA and M1 amino acid sequences of the 23 pandemic 
viral isolates included in our study were were aligned 
with the corresponding sequences of the swine and 
triple reassortant viruses. The pandemic virus-derived 
sequences showed very few variations: their NA and 
M1 sequence shared about 91% and 94% identity with 
the respective Eurasian swine virus-derived sequences 
and 81% and 88% identity with the respective triple 
reassortant virus-derived sequences.

Discussion and conclusion
A panel of seasonal and pandemic influenza A(H1N1) 
viral isolates from northern France in 2007/08 to 
2008/09 grew with similar efficiency at 34 °C and 37 
°C, suggesting that these viruses are well adapted to 
the physiological temperatures of the upper and lower 
respiratory tract. In contrast, they replicated less effi-
ciently at 40 °C than at 37 °C. As compared with sea-
sonal isolates, the pandemic viral isolates showed a 
marked heterogeneity in temperature sensitivity as 
indicated by a significantly higher variability in the cor-
responding RCT40 values. This heterogeneity probably 
reflects ongoing evolution and genetic diversification 
of the virus since its introduction in the human popula-
tion in April 2009.

The sensitivity to high temperature of isolates of the 
pandemic virus from severe cases of influenza was not 
statistically significantly different from that of isolates 
from mild cases, but the numbers were small. These 
results suggest that there was little or no correlation 
between temperature sensitivity of pandemic viruses 
and clinical severity. However, this finding should be 
confirmed by analysing a larger panel of viruses, given 

Figure 
Reproductive capacity of 2009 pandemic influenza 
A(H1N1) viral isolates (n=23) and 2007/08 and 2008/09 
seasonal influenza A(H1N1) viral isolates (n=18) at 34 °C 
and 40 °C, relative to 37 °C, northern France 

RCT: reproductive capacity at a given temperature.
RCT34 (panel A) and RCT40 (panel B) values are shown for 2008 

and 2009 seasonal influenza A(H1N1) viral isolates (blue 
symbols) and 2009 pandemic influenza A(H1N1) viral isolates 
(green symbols). Two North American influenza A(H1N1) triple 
reassortant viruses (brown symbols) and two swine influenza 
viruses (purple symbols) were included for comparison. The 
2008 seasonal influenza A(H1N1) viral isolate used as reference 
in most experiments is indicated with a triangle, whereas other 
influenza strains are indicated with circles. The line at 0.0 
separates viral isolates that replicate more efficiently at 34 °C or 
40 °C than at 37 °C (RCT values >0) from those that replicate less 
efficiently at 34 °C or 40 °C than at 37 °C (RCT values <0). Median 
values are indicated by horizontal black bars.

a Swine–human–avian triple reassortant influenza A(H1N1) 
viruses isolated from humans.

b A Eurasian swine influenza A(H1N1) virus and a Hong Kong triple 
reassortant internal gene (TRIG) swine influenza A(H1N2) virus.
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Table 2
Reproductive capacity of 2009 pandemic influenza A(H1N1) viral isolates (n=23) and 2007/08 and 2008/09 seasonal 
influenza A(H1N1) viral isolates (n=18) at 34 °C and 40 °C, northern France

Type of viral isolate Viral isolatesa Mean RCT34
± SD

Mean RCT40
± SD

 
2007/08 seasonal isolates,
oseltamivir sensitive
n=7

20081149 

–0.03±0.11 –3.19±0.43

20081207
20081129
20080730
20080658
20080552
20080286

2007/08 seasonal isolates, 
oseltamivir resistant
n=6

20081093

–0.15±0.19 –3.22±0.46

20081019
20080749
20080577
20081170
20081166

2008/09 seasonal isolates,
oseltamivir resistant
n=5

20090244

+0.16±0.21 –2.67±0.19
20091401
20091349
20090639
20090445

2009 pandemic isolates from mild cases
n=8

20097639

–0.26±0.23 –2.77±0.97

20097214
20096074
20095771
20095509
20095501
20095383
20095016

2009 pandemic isolates from severe cases among inpatients 
and/or deceased patients
n=15

20097391

–0.07±0.16 –2.43±0.70

20097367
20097155
20097097
20097101
20096934
20095911
20096365
20094517
20094518
20094785
20096928
20097105
20097208
20097388

Swine–human–avian triple reassortant influenza A(H1N1) viruses 
isolated from humans

A/Illinois/09/2007 
–0.57±0.07 –0.23±0.23

A/Ohio/02/2007

Swine viruses: 
a Eurasian swine influenza A(H1N1) virus and a Hong Kong TRIG 
swine influenza A(H1N2) virus

A/Swine/Cotes d’Armor/0231/2006 

–0.41±0.19 –1.43±0.13
A/Swine/Hong Kong /1578/2003

RCT: reproductive capacity at a given temperature; SD: standard deviation.
a 2009XXXX stands for A/Paris/XXXX/2009. 
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the strong heterogeneity in temperature sensitivity, 
the possible bias due to the fact that the severity of the 
disease in up to 25% of severe cases during the pan-
demic was due to bacterial secondary infections rather 
than the characteristics of the pandemic virus [30,31] 
and the fact that host factors, such as underlying con-
ditions identified as risk factors, seem to have contrib-
uted substantially to the clinical course of severe cases 
with 2009 pandemic influenza A(H1N1) [32,33].

The Eurasian swine influenza A(H1N1) virus, a Hong 
Kong TRIG swine influenza A(H1N2) virus and two 
A(H1N1) triple reassortant viruses included in our study 
showed a lower sensitivity to elevated temperature (40 
°C) than the pandemic and seasonal viral isolates on 
average, in agreement with the fact that the normal 
body temperature of pigs varies between 38.5 °C and 
39.2 °C [34]. All the pandemic viral isolates included in 
our study replicated less efficiently at 40 °C than did 
the triple reassortant viruses although their genomic 
segments, except for the NA and matrix (M) segments, 
are phylogenetically related to the triple reassortants.

No specific sequence signature was observed for 
the viruses that showed the highest RCT40 (data not 
shown). Overall, our observations suggest that the 

sensitivity to high temperature of the pandemic viral 
isolates is determined by complex gene constellation 
and/or mutation effects.

In conclusion, our small dataset shows that the pan-
demic viruses that circulated in northern France in 2009 
were more heterogeneous with respect to their ability 
to grow at high temperature (40 °C) than the seasonal 
viruses that circulated there in 2007/08 and 2008/09. 
They point to the impact of viral temperature sensitiv-
ity on the genetic evolution and diversification of the 
pandemic virus during the first year after its introduc-
tion into the human population and they call for a close 
monitoring of this phenotypic marker related to host 
and tissue tropism during the coming years.
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Surveillance of Clostridium difficile infection (CDI) 
is compulsory in Belgian hospitals. Our objectives 
were to compare incidence and case characteristics 
of nosocomial infections (Nc-CDI) with onset of diar-
rhoea more than two days after hospital admission, 
with non-nosocomial cases (Nnc-CDI). The database 
included inpatients from 2008 to 2010. Of 8,351 cases 
reported by 150 hospitals, 3,102 (37%) were classi-
fied as Nnc-CDI and 5,249 (63%) as Nc-CDI. In 2010, 
the mean incidence per 1,000 admissions was 0.95 
for Nc-CDI and 0.56 for Nnc-CDI. Both incidences were 
relatively stable over the three years, with a slight 
decrease in 2010 (p<0.01). Onset of symptoms in Nnc-
CDI cases took place in the community (57.1%), nurs-
ing homes (14.2%) or hospitals (17.5%); data for 11.2% 
were missing. Nnc-CDI cases were younger than Nc-CDI 
(median age 75 vs. 79 years, p<0.001), and more likely 
to be women (62% vs. 57%, p<0.001) and to have pseu-
domembranous colitis (5.3% vs. 1.6%, p<0.001). In 
2009, C.  difficile ribotype 027 was found in 32 of 70 
reporting hospitals compared with 19 of 69 in 2010 
(p<0.03). Although our study population only included 
hospitalised patients, the results do not support the 
hypothesis of an increase in the incidence of severe 
community-associated CDI.

Introduction
Clostridium difficile infection (CDI) is the leading cause 
of diarrhoea in healthcare settings. In recent years, 
an increase in the incidence and the severity of noso-
comial (Nc) or healthcare-associated CDI has been 
reported in Canada [1], the United States [2], and sev-
eral European countries [3]. This rise has in part been 
explained by the emergence of a new virulent strain, 
PCR ribotype 027 [4], although in some countries, for 
instance Germany, an increase in CDI incidence had 
been described several years before the virulent strain 
027 occurred [5].

In Belgium, CDI incidence and mortality more than 
doubled between 1998 and 2007 [6]. PCR ribotype 027 

was identified for the first time in 2005 from a hospital 
outbreak [7]. In that context, a nation-wide prospec-
tive surveillance of CDI in hospitals was introduced by 
the Institute of Public Health (WIV-ISP) in 2006 which 
became compulsory in July 2007.

Although strains attributed to severe pathology are 
generally found in hospital inpatients, recent reports 
suggest that the occurrence and severity of CDI in 
the community is also increasing [8,9]. Moreover, CDI 
is increasingly recognised as a cause of diarrhoea in 
populations previously considered to be at low risk 
[10-12]. Recent reports have shown that CDI, including 
severe cases, can also occur in infants and children 
[13,14], healthy young people living in the community, 
and peripartum women [8,15].

In this article, using data from the compulsory surveil-
lance of CDI in hospitals in Belgium, we compared inci-
dence of Nc and non-nosocomial (Nnc) cases over the 
last three years (2008–2010) and compared the cases 
in terms of age, sex, and severity of the infection.

Methods
Prospective surveillance of CDI in hospitals in Belgium 
was introduced in July 2006 and became compulsory in 
July 2007 for all hospitals. Psychiatric and chronic care 
hospitals of less than 150 beds are statutory excluded, 
but their voluntary participation is encouraged. The full 
surveillance protocol [16] and the annual report of the 
surveillance [17] are available in Dutch and French at 
our dedicated website.

Study design
We analysed all CDI cases recorded in the hospital-
based surveillance for hospitals participating in the 
period from 1 January 2008 to 31 December 2010.

Definitions
Recent recommendations for the definition of CDI 
cases [18] were followed in the protocol. A CDI case 
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was defined as a patient with symptoms of diarrhoea 
or toxic megacolon combined with a positive result of a 
laboratory assay and/or endoscopic or histopathologic 
evidence of pseudomembranous colitis. Participating 
hospitals were asked to apply this definition to all hos-
pitalised patients recorded during the surveillance. 
Fulfilment of the definition was checked for each indi-
vidual case by the WIV-ISP.

Cases were classified as Nc-CDI cases if onset of diar-
rhoea took place more than two days after admission 
to the reporting hospital. All other cases were classi-
fied as Nnc-CDI cases, and the place of onset of symp-
toms was recorded.

Data analysis
Mean annual incidence was calculated as the sum of 
CDI cases across all reporting hospitals in a given year 
divided by the sum of denominators (i.e. number of 
hospital-days or admissions). Incidences for Nc-cases 
are expressed by hospital-days and by admissions. For 
Nnc and total cases, the denominator of hospital-days 
is irrelevant, and incidences were calculated only by 
admissions.

The STATA 10.1SE (StataCorp. College Station, Texas, 
United States) statistical package was used for 
analysis.

Ribotyping
In the surveillance protocol, each hospital is asked to 
send five consecutive isolates from CDI patients to the 
national C. difficile reference laboratory every year. All 
strains are ribotyped by PCR, based on the compari-
son of patterns of PCR products of the 16S–23S rRNA 
intergenic spacer regions using primers described by 

Barbut et al. [19]. The size of each peak was determined 
using GeneScan software or GeneMapper V.4 software 
(AB(Applied Biosystems).

Results
From 1 January 2008 to 31 December 2010, a total of 
8,882 episodes of CDI were registered by 150 hospi-
tals. We excluded 531 episodes (6%), which did not 
meet the case-definition for CDI (e.g. symptoms of 
diarrhoea without a positive result of toxin detection). 
Descriptive data were analysed from a total of 8,351 
CDI episodes from 7,646 patients. For our incidences 
analysis, only hospitals that contributed for an entire 
calendar year were selected, which left a total of 6,733 
CDI episodes registered by 136 hospitals. Of these, 
4,214 were defined as nosocomial.

Incidences
The mean annual incidence of CDI across hospitals that 
contributed surveillance data for an entire year in the 
study period is shown in Table 1. The slightly decreas-
ing incidence of Nc-CDI over the three consecutive 
years and the large variability of incidences between 
hospitals are shown in Figure 1. Overall, the mean inci-
dence of CDI was 1.87, 1.82 and 1.52 per 1,000 admis-
sions in 2008, 2009 and 2010, respectively and 37% of 
CDI were considered to be Nnc-cases. Trends over time 
of incidences of Nc and Nnc-CDI evolved in parallel and 
seemed to be stable (Table 1).

Ribotyping data from the reference laboratory
In 2010, C.  difficile ribotype 027 was identified in 19 
of 69 hospitals sending CDI stool samples for typing 

Table 1
Incidence of Clostridium difficile infection in hospitals in 
Belgium, 2008–2010 (n=6,733)

Year 2008 2009 2010
Number of hospitals 107 107 91
Reported CDI
Number of total cases  2,354 2,321 2,058
Proportion of nososomial casesa 63.3% 61.4% 63.3%
Mean incidence of CDIb

All cases
 per 1,000 admissions 1.87 1.82 1.52c

Nosocomial casesa

 per 1,000 admissions 1.18 1.12 0.95
 per 10,000 hospital-days 1.48 1.46 1.26
Non-nosocomial cases
 per 1,000 admissions  0.69 0.70 0.56

CDI: Clostridium difficile infections.
a Symptom onset (diarrhoea) more than two days after admission 

to reporting hospital.
b Total cases across reporting hospitals/total denominators.
c p<0.01, Pearson’s chi-squared test: difference to 2008 incidence.

Figure 1
Distribution of incidences of nosocomial Clostridium 
difficile infection per 10,000 hospital-days in Belgian 
hospitals, 2008–2010 (n=4,214)
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(Table 2). This proportion was lower than previous 
years (28% and 46% in 2010 and 2009, respectively; 
p<0.03).

Characteristics of patients with 
Clostridium difficile infection
The median age of the 7,646 CDI patients that met the 
case definition was 78 years (P25-P75: 64-85 years), 
and 59% were female. Of the 8,351 episodes of CDI 
associated with these patients, 5,249 episodes (63%) 
occurred more than two days after admission to the 
reporting hospital (Nc-CDI). In comparison with Nc-CDI 
patients, Nnc-CDI patients were younger (75 years for 
Nnc vs. 79 years for Nc cases, p<0.001 (Mann-Whitney 
test)) (Figure 2) and with a higher proportion of women 
(62% for Nnc vs. 57% for Nc cases, p<0.001 (Pearson’s 
chi-squared test)).

With regard to the severity of the infection, the pro-
portion of pseudomembranous colitis among Nnc-CDI 
cases was higher (5.3% for Nnc vs. 1.6% for Nc cases, 
p<0.001 (Pearson’s chi-squared test)). In 2010, this 
proportion in Nnc-CDI cases was lower than in the pre-
vious years, although the difference was not statisti-
cally significant (4.9% and 6.1% in 2010 and 2008, 
respectively; p=0.27 (Pearson’s chi-squared test)). For 
the 3,102 Nnc-CDI cases included in the study, onset 
of symptoms took place in the community (n=1,761, 
57.1%), in a nursing home (n=447, 14.2%) or in the 
reporting or another hospital (n=543, 17.5%), while 
11.2% (n=351) remained unclassified due to missing 
data.

Discussion
Data from the last three years showed a relatively sta-
ble incidence of CDI in Belgian hospitals, with a slight 

decrease in 2010. These findings do not support the 
hypothesis [8,9] of an increase in the incidence of 
severe (e.g. leading to hospitalisation) community-
associated CDI. In Belgium, 75% of deaths associ-
ated with a CDI diagnosis take place in a hospital [6]. 
Therefore we consider our assessment of the severity 
of community-associated cases using only hospital-
ised cases a fair approximation of the reality. The large 
variability of incidences between hospitals seems 
unlikely to be attributed only to case mix variation. 
Health services research has led to the conclusion that 
unexplained variation in a number of important clinical 
areas is a very significant issue, and that there could 
be huge improvements if the poorest performers could 
match the best [20].

If the variation in C.  difficile rates is not explained by 
case mix, then it might be due to differences in pre-
vention practices, which would indicate that there is a 
potential for improved prevention. But more research 
is needed to test this hypothesis in the field of health-
care-associated infections. The proportion of hospitals 
where ribotype 027 was found decreased in 2010, but 
a limitation of these data is that only 70 hospitals sent 
samples for typing, against 110 who contributed to the 
epidemiological data.

The incidence of all CDI in Belgium was comparable with 
the incidences of 1.1 per 1,000 admissions reported 
in France in 2009 [21] and 1.8 per 1,000 admissions 
reported in the Netherlands in 2008 [22], although the 
data in these countries are collected voluntarily and 
thus not as representative compared with the compul-
sory Belgian surveillance. It was lower than in Germany 
(1.4 vs 4.6/1,000 admissions in 2007) [23]. Unlike in 
Belgium, participation in the national surveillance in 

Table 2
Riboptypes distribution among Clostridium difficile 
infections in Belgian hospitals, 2008–2010 (n=1,663 
samples)

Year 2008
Jan-Jun

2009
Jan-Jun

2010
Jan-Jun

Number of hospitals who sent CDI stool 
samples for typing 51 70 69

Hospitals with ribotype 027
Number 28 32 19

Proportion 55% 46% 28% a

Hospitals with ribotype 014
Number 10 25 23
Proportion 20% 36% 33%
Hospitals with ribotype 078
Number 19 8 16
Proportion 37% 11% 23%

CDI: Clostridium difficile infections.
a p<0.03, Pearson’s chi-squared test: difference to 2009 

proportion.

Figure 2
Age distribution of patients with Clostridium difficile 
infections in Belgian hospitals, 2008–2010 (n=7,646 
patients)

CDI: Clostridium difficile infections; Nc: nosocomial; Nnc: 
non-nosocomial.

Statistical outliers were excluded.
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Germany is voluntary and a bias towards a participa-
tion of hospitals with higher incidence might have 
been involved.

The incidence of Nc-CDI in Belgium was lower than that 
reported in a European-wide hospital-based survey 
specific for CDI, performed in 2008 (97 hospitals in 34 
European countries) [24]. Importantly, the incidence of 
Nc-CDI in the three Belgian hospitals that participated 
in that survey (2.8/10,000 hospital-days) was higher 
than the incidence here reported in our nation-wide 
surveillance of 98 hospitals (1.5/10,000 hospital-days 
in 2008), which suggests that, at least for Belgium, the 
survey overestimated the incidence numbers due to 
the limit number of hospitals included. In England [25] 
and in Québec [26], Nc-CDI surveillance is also compul-
sory. The mean incidence of Nc-CDI in these countries 
in the period from April 2009 to March 2010 was higher 
(3.6 and 6.3/10.000 hospital-days, respectively) than 
in Belgium (1.3/10.000 hospital-days in 2010).

The strengths of the Belgian surveillance are the 
wide coverage of hospital data and the possibility for 
hospitals to follow their incidence in a secured web-
based follow-up system in real time, thus they receive 
rapid feedback after recording, which can be used to 
make local improvements. Indeed, comparable data, 
i.e. data from a representative sample of hospitals 
and recent data, are scarce in the literature. A limita-
tion of our system is that the data do not allow us to 
provide incidence per inhabitants and to estimate a 
cross-transmission at national level.. By definition, our 
surveillance only includes the more severe (hospital-
ised) community-associated CDI.

Conclusion
The incidence of all CDI in hospitalised patients from 
Belgium was stable over the period 2008 to 2010, 
although a slight decrease was observed in 2010. 
The incidence in Belgium is comparable with the inci-
dence reported in surrounding countries like France 
and the Netherlands. Although our study population 
only included hospitalised patients, the results do 
not support the hypothesis [8,9] of an increase in the 
incidence of severe community-associated CDI. The 
large variability of incidence between the hospitals in 
our study suggests that a proportion of these infec-
tions, although hard to quantify, could be prevented by 
improving classical infection control methods. Current 
CDI surveillance in Belgium is a useful and valid tool 
to monitor trends in incidence and severity of cases in 
Belgian hospitals.
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