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In an asylum seeker centre in Schleswig-Holstein,
a resident was diagnosed with furuncle caused by
a Panton-Valentine leukocidine (PVL)-positive com-
munity-acquired meticillin-resistant Staphylococcus
aureus (CA-MRSA). As a result of active case find-
ing, 232 of 427 persons (54% of all residents) were
screened for MRSA and two further PVL-positive
CA-MRSA cases were identified.

In mid-November 2010, around three weeks after arrival
at an asylum seeker centre located in Neumdiinster, cen-
tral reception centre of Schleswig-Holstein, Germany,
a resident originating from Somalia (case 1) was
diagnosed with furuncle caused by a PVL-positive
CA-MRSA. On the same day, the resident was moved
from a four-bed room to isolation with separate bath-
room and toilet.

Following the identification of this case, we decided
to perform active case finding and to collect nasal
swabs from contacts of case 1 and other residents of
the centre. The objectives of the investigation were to
identify further cases and to stop possible transmis-
sion of PVL-positive CA-MRSA. We were able to reach
a high number of residents due to blood collection and
a vaccination campaign that were taking place at the
same time in the course of a measles outbreak in the
centre. In parallel, an intervention plan was developed
in order to stop possible transmission. Following the
active case finding, four more CA-MRSA cases were
identified. Two of these were PVL-positive.

In recent years, emerging community-acquired met-
icillin-resistant Staphylococcus aureus (CA-MRSA)
infections have become a public health problem, and
rational strategies for the control of staphylococcal
colonisation and infections in non-hospital settings
are required [1]. Compared to the general population,
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close household contacts of the infected person,
prison inmates, military recruits and children attending
childcare centres are more frequently colonised with
CA-MRSA [2-4]. A Swiss study identified non-Swiss/
non European Union citizenship and a history of stay-
ing in a collective housing facility as risk factors for
CA-MRSA infection [5].

The definition of MRSA as CA-MRSA is primarily
based on epidemiological criteria (e.g. acquired out-
side the hospital setting, lack of risk factors typical
for infections with hospital-associated MRSA).Cases
of CA-MRSA are frequently positive for the genes
encoding the Panton-Valentine leukocidine (PVL), a
two-component leukolytic toxin associated with skin
and soft-tissue infections, typically furunculosis [1,4].
Although the infection is usually confined to skin and
soft tissues, systemic complications, including necro-
tising pneumonia, have been reported [1]. Furthermore,
a number of CA-MRSA represent clonal lineages which
are different from those of widely disseminated hospi-
tal-associated MRSA.

In the asylum seekers centre described here, residents
stay from six weeks up to several months, on aver-
age two months, before they are placed in other asy-
lum seekers’ centres in Schleswig-Holstein. The center
consists of former military barracks and the residents
are housed in large shared rooms (four to six people)
and share a bathroom and on average a toilet per eight
rooms. Upon arrival, each resident receives a hygiene-
package, containing towel, soap, body lotion, tooth-
brush and toothpaste. In the central laundry service,
everyone can hand over their clothes and towels. Bed
linen is centrally washed at 75°C with disinfectant.
Meals are served in a central dining room.
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Case finding and microbiological

investigation
For our investigation a case was defined as a person of those coming to blood collection and/or vaccination.
residing in the asylum seeker centre during the time of In addition, for MRSA cases, swabs were taken from
the investigation (between 19 and 22 November 2010) the throat, axilla and groin and, where applicable, from
and who was diagnosed with CA-MRSA by laboratory wounds. The collected samples were sent for diagnos-
tests. Contacts were defined as persons living in the tic tests to a private laboratory in Plon and results were
same bedroom or belonging to the same family and received on a daily basis. Sterile cotton-tipped swabs
playing together or having close physical contact with were used in screening. Plating was on ID-Agar-Plate
the case and residing in the asylum seeker centre dur- (BioMérieux, Marcy U’Etoile, France). Suspected colo-
ing the time of the investigation. nies were tested by agglutination, thus S. aureus was
confirmed by Slidex Staph Plus® (BioMérieux, Marcy
Two days after the initial case was identified, we started I’Etoile, France). If the agglutination test was posi-
convenience sampling and we collected nasal swabs tive, oxacillin resistance was tested by PBP2® (Oxoid,
from the contacts of MRSA cases and from the majority Basingstoke, Hants, United Kingdom). Samples positive
TABLE 1

Decolonisation procedures for PVL-positive CA-MRSA cases, asylum seekers centre, Schleswig-Holstein, Germany,
November 2010

Procedure Specification

e Washing skin and hair with octenidin-based solution daily

e Application of mupirocin nasal ointment three times daily

e Gurgling using 0.1% chlorhexidine solution three times daily

e Hand disinfection with an alcohol-based antibacterial hand sanitizer several times daily

e Disinfection of personal items (e.g. comb, shaver, glasses, jewellery) with an alcohol-based antimicrobial cleanser daily

o Disinfection of bathtub or shower floor and of smooth surfaces with an alcohol-based antimicrobial cleanser daily

e Changing and washing (at least at 60°C using a laundry detergent) of towels, bed lines, underwear and clothing daily

e Using new toothbrush at each tooth brushing

e Using new shoes (with socks) for the decolonisation period

CA-MRSA: community-acquired meticillin-resistant Staphylococcus aureus; PVL: Panton-Valentine leukocidine.

TABLE 2

Cases of CA-MRSA and PVL-positive CA-MRSA cases among asylum seekers, Schleswig-Holstein, Germany,
November 2010

o . s fasied CA-MRSA positive PVL-positive CA-MRSA
Country of origin Number of residents cases cases
Number (%) Number Number
Serbia 74 60 (81) 3 2
The former Yugoslav Republic of Macedonia 44 26 (59) 1 o
Somalia 14 11 (79) 1 1
Other 295 135 46) o o
Total 427 232 (54) 5 3

CA-MRSA: community-acquired meticillin-resistant Staphylococcus aureus; PVL: Panton-Valentine leukocidine.

TABLE 3

Demographical information of the PVL-positive CA-MRSA cases and laboratory results, asylum seekers centre, Schleswig-
Holstein, Germany, November 2010

Age Country of ~ Days spentin Persons sharing Positive . Virulence SPA type, clonal
. . . Resistance
(years) origin the centre? the room sites factors complex
Case 1 19 Somalia 23 4 N, T, Ax, W | P, A, AS, 0x, Ce, Te, Co lukPV+ to21, CC30
Case 2 4 Serbia 41 6 N P, A, AS, Ox, Ce® lukPV+ etd+ to44, CC80
Case 3 8 Serbia 41 6 N, T P, A, AS, Ox, Ce, Te, F lukPV+ etd+ tog4, CC80

A: amoxicillin; AS: ampicillin/sulbactam; Ax: axilla; Ce: cefaclor; Ci: ciprofloxacin; Cl: clindamycin; Co: co-trimoxazole; CA-MRSA: community-
acquired meticillin-resistant Staphylococcus aureus; E: erythromycin; F: fusidic acid; G: gentamicin; L: linezolid; N: nose, Of: ofloxacin; Ox:
oxacillin; P: penicillin; PVL: Panton-Valentine leukocidine; R: rifampicin; T: throat; Te: tetracycline; Ti: teicoplanin; V: vancomycin; W: wound.

2 Days from arrival in the centre until the day of laboratory confirmation of PVL-positive CA-MRSA.
® The resistance pattern is incomplete (F, L, V, Ti were not tested).
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for MRSA were sent to the German National Reference
Laboratory for Staphylococci in Wernigerode for further
characterisation and typing. A multiplex-PCR for the
presence of genes specific for particular CA-MRSA-
clones was also performed [6]. Nasal swabs were
collected again from the three PVL-positive CA-MRSA
cases who had undergone decolonisation procedures
and were also sent to the private laboratory.

Information on previous hospitalisations, chronic ill-
nesses and previous use of antibiotics was gathered
for all MRSA cases.

Intervention for CA-MRSA cases

In order to control further transmission, persons colo-
nised by PVL-positive CA-MRSA had to follow a strin-
gent decolonisation strategy. The decolonisation
protocol used was based on existing national hospi-
tal-associated MRSA decolonisation measures [7] and
were agreed on in a teleconference with the partici-
pation of national MRSA experts and the local health
authority. Non-PVL-positive CA-MRSA cases were not
entitled for decolonisation at this setting. The meas-
ures were implemented upon receipt of the laboratory
confirmation for a duration of five days and are sum-
marised in Table 1.

In addition, cases were instructed to enhance hand
hygiene and to minimise contact with other residents
of the centre during the five days of the decolonisation
process. The persons were not allowed to be relocated
to other centres prior to successful decolonisation.

To determine the success of decolonisation measures,
nasal swabs were taken from these persons three
days after the end of the procedure and further swabs
shall be applied six days and 12 months after decolo-
nisation. In case of a positive sample three days after
the decolonisation process, decolonisation had to be
repeated. In case of a positive sample after a second
decolonisation process, systemic antibiotics should be
applied.

Results

At the time of the investigation, 427 residents from
18 nations were in the centre. The median age was 23
years (mean age 22.7, SD +14.1 years) and the male to
female ratio was 1.5. Samples were collected from 54%
of the residents (232/427); five persons were positive
for MRSA. Epidemiological criteria and molecular typ-
ing results revealed them as CA-MRSA. From those,
PVL-positive CA-MRSA were confirmed in three cases.
Results on tested persons and laboratory results are
presented in Table 2.

PVL-positive CA-MRSA cases

Three PVL-positive CA-MRSA cases were identified.
Except case 1, no other case had wounds or abscess on
the skin and none reported a contact with case 1. The
demographics of the cases and the laboratory results
are summarised in Table 3.

A different CA-MRSA strain was identified in each of
the three cases. The CA-MRSA strain of case 1 was
assigned to CC30, which is prevalent in South East Asia,
Oceania, United States of America, United Kingdom,
Denmark and the Baltic countries. Sporadic cases are
also described in other European countries [8]. Cases
2 and 3 (siblings) belonged to the main European clone
ST8o, but the resistance pattern differed.

All three cases reported previous hospitalisation in
their home countries: case 1 in 2005 for surgery, case
2 in 2009 for conservative treatment, case 3 in 2006
for conservative treatment and in 2008 for surgery.
None of the cases reported previous use of antibiotics.
Four other family members living in the same room (for
cases 2 and 3) and three roommates (for case 1) were
swabbed and were negative for MRSA. Eight known
play partners for case 2 and 3 were swabbed and were
also negative.

Results of the decolonisation

Nasal swabs were taken from the three treated persons
three days after decolonisation. For case 3, the swabs
taken three and six days after the first decolonisation
were negative, whereas cases 1 and 2 had a negative
swab three days after repeated decolonisation. For
the case 1 and 2 we do not have the information about
the results for the swabs collected after six days. The
cases were later transferred to other centres and the
respective authorities were informed about the further
control tests necessary.

Discussion

We conducted the investigation and control of cases of
CA-MRSA in an asylum seeker centre in Germany. In our
investigation, five cases of CA-MRSA were detected.
Of those, three were PVL-positive CA-MRSA, however
all three were different in respect of the resistance
pattern. Furthermore two isolates were assigned to
spa-type to44 (siblings, cases 2 and 3), one isolate pre-
sented spa-type to21 (case 1). No transmission in this
setting was identified. Regarding the siblings (cases 2
and 3) probably both children were carrying the same
CA-MRSA ST8o strain, although the resistance profiles
differed in respect of tetracycline and fusidic acid.
Genetic studies indicate that the resistance to tetra-
cycline (tetk) and fusidic acid (far1) is located on a 28
kb plasmid and the loss of this plasmid in case 2 may
explain the two different resistance profiles.

Although residents live on average with four more per-
sons per room and an average of 40 persons share the
same bathroom and toilet, these factors apparently did
not facilitate transmission within the centre. This might
be related to the fact that the residents only live in the
centre for a relatively short period (on average two
months) and that they tend to use personal hygienic
items and there are no shared towels in bathrooms and
toilets.
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Information about the prevalence of CA-MRSA in non-
hospital communities is limited. In healthcare associ-
ated Staphylococcus aureus isolates in Europe, the
proportion of MRSA varies from below 1% in Northern
Europe to more than 40% in Malta, Estonia and
Portugal [9]. In healthcare associated Staphylococcus
aureus isolates in Serbia, the proportion of MRSA is
reported as 64% [10]. No published information about
Somalia was found.

Outbreaks of skin infections associated with CA-MRSA
within a defined community have been reported previ-
ously. Several published outbreaks occurred in chil-
dren day care centres, sport teams or among military
recruits [4]. A furunculous outbreak related to lukS-lukF
positive Staphylococcus aureus in a German village has
been successfully terminated with stringent decoloni-
sation procedures [11]. However, re-colonisation has
been observed within several weeks after successful
decolonisation in up to 22% of cases [12]. Therefore,
following up the cases is of great importance.

Although no further transmission was observed, asy-
lum seeker centres are settings where the appearance
of PVL-positive CA-MRSA* should be treated with spe-
cial attention and protocols for decolonisation should
bein place. The control strategy described in our report
may be helpful for others who have to cope with PVL-
positive CA-MRSA* infections in non-hospital settings.

*Authors’ correction:

At the request of the authors, the following change was made on
10 February 2011: ‘CA-MRSA’ was replaced with ‘PVL-positive
CA-MRSA’ in the last paragraph.
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A cluster of three fatal cases of invasive meningococ-
cal disease due to Neisseria meningitidis serogroup B
in a town in Suffolk, United Kingdom, during December
2009 to January 2010 was reported to the local Health
Protection Unit. This paper describes the investigation
undertaken to identify any potential epidemiological
links among the cases, to determine if this was an
outbreak and to consider whether to implement com-
munity-wide interventions and control measures. Case
epidemiological information in addition to serogroup
and genosubtyping (porA gene sequencing) data of the
infecting organism was gathered on all cases in this
reported cluster. Genosubtyping was also retrospec-
tively requested for all serogroup B cases confirmed
in Suffolk during 2009. Extensive investigation failed
to establish an epidemiological link among the clus-
ter of fatal cases of serogroup B invasive meningococ-
cal disease in Suffolk. By demonstrating a number of
distinct strains, the genosubtyping of isolates proved
to be useful in the public health management of this
incident by serving to exclude a community outbreak
and preventing unnecessary mass chemoprophylaxis.

Introduction

Invasive meningococcal disease is caused by Neisseria
meningitidis, which is a normal inhabitant of the
human nasopharynx. Transmission from person to
person occurs by contact with droplets or secretions
from the upper respiratory tract. Meningococci are
classified into serogroups based on capsular polysac-
charide antigens: there are at least 13 serogroups, of
which serogroups A, B, C, W135 and Y account for the
majority of the invasive meningococcal disease world-
wide [1]. In the past, serogroups B, C and Y were the
most common in the United Kingdom (UK). Following
the introduction of the meningococcal serogroup C
conjugate vaccine into the UK routine immunisation
programme in November 1999, the number of cases of
invasive meningococcal disease caused by serogroup
C fell by over 90% [2]. Currently, serogroup B strains
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account for around 90% of laboratory-confirmed cases
submitted to the Health Protection Agency.

Invasive meningococcal disease, although relatively
rare, is a life-threatening infection with case fatality
rates of about 10% [3,4]. The annual rate of invasive
disease in the United Kingdom (UK) ranges from two
to six per 100,000 population, with a higher incidence
in the winter months. The incidence of meningococcal
disease is highest in infants under one year of age,
followed by children aged one to five years. The next
highest incidence is seen in young people aged 15 to
19 years [1,3].

Between 14 December 2009 and 5 January 2010 the
local Health Protection Unit in the county of Suffolk,
United Kingdom, received reports of four fatal cases
of suspected meningococcal disease associated with
a Suffolk town. According to mid-2007 estimates, the
population of the town was 121,047 and that of Suffolk

was 709,409 [5].

All cases were notified within 24 hours of onset of
symptoms. The local Health Protection Unit launched
an investigation for potential epidemiological links
between the cases, to identify if it might be an out-
break and to consider whether to implement interven-
tions and control measures.

The aim of this paper is to demonstrate the usefulness
of porA sequencing in distinguishing sporadic and
linked cases in the investigation of a cluster of fatal
cases of serogroup B invasive meningococcal disease.

Methods

We designated this group of cases as a cluster, in line
with the United States Centers for Disease Control and
Prevention (CDC) definition of a cluster as ‘an aggrega-
tion of cases of a disease or other health-related con-
ditions which are closely grouped in time and place’

www.eurosurveillance.org



[6]. This definition does not assume that the number
of cases is more than expected, nor that expected
number is known.

Case definition

Confirmed case

A confirmed case was defined as an individual with a
clinical presentation of invasive meningococcal dis-
ease, of any age with a place of residence or overnight
stay (during the seven-day incubation period) in the
local authority area of the town in Suffolk, with onset
of illness on or after 1 December 2009 and with a labo-
ratory confirmation of serogroup B.

Probable case

A probable case was defined as an individual with a
clinical presentation of invasive meningococcal dis-
ease (without laboratory confirmation of serogroup B),
of any age, with a place of residence or overnight stay
(during the seven-day incubation period) in the local
authority area of the town in Suffolk and with onset of
illness on or after 1 December 2009.

Clinical presentation

The early symptoms of meningococcal disease may be
non-specific and different in infants and older children.
Symptoms in infants include fever, floppiness, high-
pitched crying and sometimes vomiting. Older children
and adults may present with fever, increasing head-
ache, neck stiffness, photophobia, nausea and vom-
iting. Some may present with a distinctive petechial
rash.

Case identification and investigation

The first fatal case was a young child (Case 1) with
fulminant septicaemia, who was notified to the local
Health Protection Unit on 14 December 2009 as a prob-
able case of invasive meningococcal disease. On 31
December 2009 two further fatal probable cases (Cases
2 and 3, both young children) were notified to the local
Health Protection Unit. All three cases were from the
same town in Suffolk. Investigation was undertaken
to identify if there was any link between the cases. A
further fatal case (Case 4) in an adult was reported to
the Health Protection Unit on 5 January 2010. This case
had died abroad but had travelled during the seven-
day incubation period from the same town as the other
fatal cases.

The cluster was investigated for any epidemiological
links that might indicate local transmission pathways.
Clinical information and the movements of the cases
in the seven days before their onset of illness were
gathered to determine any spatio-temporal links. We
calculated the three-month (October-December 2009)
incidence per 100,000 population in the town for chil-
dren in the o-4-years age group (as the three initial
cases were all below four years of age) to help deter-
mine whether an outbreak (more cases than expected)
was occurring. Overall incidence and subtype-specific
incidence were calculated separately. Only the first
case in any household was used in the calculation of
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local incidences. The local authority boundary of the
town was used as the population boundary for the
incidence calculations. The UK guidelines on menin-
gococcal disease discuss the criteria for implementing
community-level interventions in a defined popula-
tion, when an age-specific incidence exceeds 40 per
100,000 population [1].

Microbiological investigations

No ante-mortem clinical samples were available for
Case 1; however, a post-mortem blood sample was
taken for polymerase chain reaction (PCR) investiga-
tion (carried out at Great Ormond Street Hospital,
London). DNA extracted from the blood sample was
subsequently forwarded to Meningococcal Reference
Unit for genosubtyping (porA gene sequencing).
Genogrouping was carried out by TagMan real-time
siaD PCR assay following initial TagMan real-time ctrA
PCR assay screening [7].

Oropharyngeal samples for culture and peripheral
blood samples for culture and PCR were taken from
Cases 2 and 3. Results of the microbiological investiga-
tion of the fourth case were requested from the country
where the case died.

Genosubtyping

The Meningococcal Reference Unit provided geno-
subtype information for three of the cluster cases.
Retrospective genosubtyping of all the cases of sero-
group B invasive meningococcal disease confirmed in
Suffolk during 2009 was also carried out, to compare
with those of the cluster and identify any predominant
genosubtype in the community. There were a total of
19 cases of serogroup B invasive meningococcal dis-
ease in Suffolk in 2009, including the two cases from
the cluster (for which the genosubtype was available).
Therefore samples from a further 17 cases were investi-
gated retrospectively by the Unit, seven of which were
confirmed by PCR only (culture negative). Although all
case isolates are routinely characterised by porA gene
sequencing, for patients whose infection is confirmed
by PCR alone, the N. meningitidis genosubtype is
determined only in specific instances of public health
interest, as the assay is difficult.

Results

Case investigation and

microbiological investigation

The first fatal case (Case 1) notified on 14 December
2009 was appropriately managed as a single case of
meningococcal disease according to national guide-
lines. The N. meningitidis serogroup for this case was
not known in the early stages of investigation as clini-
cal samples were not available; however PCR investi-
gation of post-mortem samples later confirmed this as
serogroup B. Case 2 was confirmed as being infected
with N. meningitidis serogroup B by PCR.

The clinical presentation of Case 3, who had an under-
lying condition, was not clinically typical of inva-
sive meningococcal disease. Blood cultures taken



ante-mortem grew Gram-negative cocci. The organ-
ism was initially thought to be N. meningitidis but was
later identified as Veillonella atypica, which is a Gram-
negative coccus and strict anaerobe. The hospital
laboratory considered that this was probably a contam-
inant. Case 3’s PCR result (from a blood sample) and
other cultures were negative for N. meningitidis. It was
concluded that Case 3 did not have invasive meningo-
coccal disease and therefore was excluded from the
cluster.

A laboratory in the country where the fourth case died
kindly provided confirmation of the case’s serogroup
(serogroup B), which was determined by PCR (from a
skin biopsy).

The close contacts of all four cases were identified
and given prophylaxis according to the UK national
guidelines.

Genosubtyping data

Table 1 shows that Cases 1 and 2 were indistinguish-
able by porA gene sequencing, but no epidemiological
links could be established between them. For Case 4

TABLE 1

Serogroup and genosubtypes of the cluster of fatal cases
of invasive meningococcal disease in a town in Suffolk,
United Kingdom, December 2009-January 2010 (n=3)*

Age or
Cae agerange Serogroup porA genosubtype
number

(ZELS)
1 0—4 B VR1=19-1, VR2=15-11, VR3=36
2 0—4 B VR1=19-1, VR2=15-11, VR3=36
4° Mid-40s B VR1=7

VR: variable region.

@ Case 3 was excluded from the cluster as this case did not have
invasive meningococcal disease.

® Only data on the porA VR1 were available for Case 4, due to
limited availability of clinical material (skin biopsy).

TABLE 2

Data on porA genosubtypes of all typeable cases of
serogroup B invasive meningococcal disease in Suffolk,
United Kingdom, 2009 (n=17)*

Number of cases porA genosubtype

per genosubtype

5 VR1=22, VR2=14, VR3=36

4 VR1=22, VR2=9, VR3=35-1

3 VR1=19-1, VR2=15-11, VR3=36
1 VR1=22, VR2=14-26, VR3=36
1 VR1=21, VR2=16, VR3=37-1

1 VR1=7-2, VR2=4, VR3=37

1 VR1=5-1, VR2=10-1, VR3=36-2
1 VR1=7-1, VR2=1, VR3=35-1

VR: variable region.

2 Of the 19 serogroup B invasive meningococcal cases in Suffolk in
2009, porA sequence subtype data were available for 17 cases.

The genosubtype determined for Cases 1 and 2 of the cluster of
fatal cases in December 2009 to January 2010 is highlighted.

®

(the adult fatal case), data were only available for the
porA VR1, due to limited availability of clinical material
(skin biopsy). However, this was sufficient to show that
Case 4 was distinct and was not linked to Cases 1 and
2.

A total of 17 samples from serogroup B invasive menin-
gococcal cases in Suffolk in 2009 were retrospectively
analysed to determine their genosubtype. Data were
available for 15 samples only, as two samples were
not typeable. The genosubtype information on 17 sero-
group B invasive meningococcal cases (two from the
2009 cluster and 15 from retrospective analysis) for
2009 in Suffolk is shown in Table 2, which lists the
porA variable region (VR) data. This clearly established
that the porA subtype VR1=19-1, VR2=15-11, VR3= 36
(present in Cases 1 and 2 of the cluster of fatal cases)
was one of the more common genosubtypes circulat-
ing in the community. This specific porA subtype rep-
resented 18% (three of 17) of all typeable serogroup
B invasive meningococcal isolates in Suffolk and was
the fourth most common genosubtype in England
and Wales in 2009 (unpublished 2010 data from the
Meningococcal Reference Unit).

Epidemiological analysis

The three-month (October to December 2009) incidence
of serogroup B invasive meningococcal disease in chil-
dren aged o-4 years in Suffolk was 37 per 100,000
population. The incidence of the disease caused by
the N. meningitidis genosubtype VR1=19-1, VR2=15-11,
VR3=36 in the same age group for the same period was
24.6 per 100,000 population. This porA genosubtype,
identified for Cases 1 and 2 of the cluster of fatal cases,
was one of the common porA subtypes among isolates
from cases of serogroup B invasive meningococcal dis-
ease from England and Wales in 2009. Retrospective
porA sequencing of DNA from all the available Suffolk
2009 case material confirmed one other patient with
a N. meningitidis porA subtype indistinguishable to
that of Cases 1 and 2 of the cluster; however, this was
a non-fatal case reported in the summer of 2009, in
another part of the county.

There were two other cases of serogroup B invasive
meningococcal disease in late December 2009 in
Suffolk (in different towns to the cluster of fatal cases):
both had a common porA subtype but were not epide-
miologically linked and the porA subtype was distinct
from that of Cases 1 and 2 of the cluster.

Control measures

The main control measure was to identify close con-
tacts, as recommended in the UK national guidelines,
and arrange for appropriate chemoprophylaxis. The
guidelines recommend that the antibacterial agents
rifampicin, ciprofloxacin and ceftriaxone be used to
prevent secondary cases. Locally, rifampicin was used
for persons aged under two years and ciprofloxacin for
persons aged over two years. For pregnant or breast-
feeding women, rifampicin or ceftriaxone are used.

www.eurosurveillance.org



Rifampicin is the only antibiotic that is licensed in the
UK for the purpose of chemoprophylaxis.

Local general practitioners and out-of-hours services
including accident and emergency departments were
advised to be on the alert for new cases of meningo-
coccal disease. In addition, information on signs and
symptoms of the disease, including advice to seek
medical advice rapidly, was provided to the local com-
munity using the local media.

Discussion and conclusions

The identification of a community outbreak is a chal-
lenge, especially when considering community inter-
ventions where the population boundary will of
necessity be arbitrary. The options for community
interventions are limited in outbreaks of serogroup B
invasive meningococcal disease [8]. Community inter-
ventions include antibiotic prophylaxis and for sero-
groups A, C, Y or W135, vaccination against the relevant
outbreak organism. There are no licensed serogroup B
vaccines currently available in the UK. Strain-specific
outer membrane vesicle vaccines have been used in
some countries such as New Zealand [9] and France
[10] to control a national and regional epidemic of sero-
group B meningococcal disease dominated by a single
strain. Mass chemoprophylaxis has disadvantages:
it can lead to potentially serious complications and
development of resistance [11]. It could also result in
the elimination of non-pathogenic Neisseria species,
leading to reduced immunity against pathogenic spe-
cies, and would not prevent the reintroduction of the
outbreak strain after the prophylaxis [12,13].

The UK guidelines recommend intervention in com-
munity outbreaks if the age-specific incidence in a
three-month period is high and a pragmatic threshold
for triggering intervention has been set. Targeted com-
munity interventions have been implemented in the UK
in the past, where the age-specific incidence exceeded
40 per 100,000 population in serogroup C outbreaks of
four or more cases [1].

The Communicable Diseases Network Australia guide-
lines define a community outbreak as three or more
confirmed cases of a specific serosubtype in a three-
month period with an incidence rate of 10 per 100,000
population and explicitly states that mass chemo-
prophylaxis should not be used in community out-
breaks [14]. Australia, like the UK, currently has no
licensed serogroup B vaccines.

Similarly the US CDC guidelines on prevention and con-
trol of meningococcal disease state that currently there
is no licensed serogroup B vaccine available in the US
and mass chemoprophylaxis is not generally recom-
mended for large outbreaks in the community due to
the disadvantages of chemoprophylaxis [12]. The CDC
recommends that in outbreaks involving limited popu-
lations (e.g. an outbreak in a single school), adminis-
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tration of chemoprophylaxis could be considered in
serogroup B outbreaks [15].

The guidelines on community interventions for out-
breaks of serogroup B are similar across countries
and the options are fairly limited, as discussed above.
Nevertheless, it is important to identify a community
outbreak or rule out an outbreak in order to implement
appropriate public health interventions. Meningococcal
disease clusters can cause a great deal of public anxi-
ety and media interest, especially when they involve
fatal cases. In our cluster investigation, we found the
incidence of disease caused by the N. meningitidis
genosubtype VR1=19-1, VR2=15-11, VR3=36 (24.6 per
100,000 population) for children aged o-4 years was
well below the trigger for any community interventions
according to UK guidelines. It is important to note that
the local authority boundary was chosen as an arbi-
trary geographical boundary (population boundary) for
the incidence calculations.

Although epidemiological links are useful in identify-
ing transmission pathways in clusters and outbreaks,
molecular techniques to characterise the isolates
provide extremely useful supporting information [16,
17]. In our investigation we found that genosubtyping
(using porA gene sequencing) of the N. Meningitides,
infecting cases in the town and the data on the inci-
dence of the various genosubtypes of serogroup B
invasive meningococcal disease in England and Wales
were useful in delivering an appropriate public health
response. Although the two fatal cases in December
2009 were of indistinguishable genosubtype, this sub-
type was found to be one of the common strains and
it was concluded that they were likely to be sporadic
cases. Testing for additional antigens or other genes
for variation (discrimination) was not routinely carried
out at the Meningococcal Reference Unit. At the Unit,
given the practicability and discrimination afforded
by porA sequencing, developed for culture and non-
culture material, this approach has been used for the
investigation of clusters. Multilocus sequence typing
(MLST) is currently not used routinely for the investiga-
tion of clusters, but has recently been agreed by the
Health Protection Agency as the preferred second-line
discrimination assay. Testing for other gene targets
(such as ferric enterochelin receptor, fetA, and factor
H binding protein, fHBP) are under investigation but
the practicality and economic feasibility of such tests
remain to be determined.

It was determined that two non-fatal invasive menin-
gococcal cases in Suffolk between 25 and 31 December
2009 had an indistinguishable porA gene sequence
(VR1=22, VR2=9, VR3=35-1), but it was different to
that of Cases 1 and 2. These non-fatal cases were from
different parts of the county, with no epidemiologi-
cal links. They were sporadic cases caused by one of
the other common strains in the UK. The porA gene
sequencing data on all typeable 2009 Suffolk invasive
meningococcal cases obtained from the Meningococcal



Reference Unit proved very useful in understanding
the dynamic nature of different strains circulating in
Suffolk. In the investigation of clusters, porA gene
sequencing can be performed to differentiate between
strains within the timescale required for public health
action [14]. Sequencing of the porA gene was a very
useful tool in the risk assessment of our investigation.

In conclusion, extensive investigation failed to estab-
lish an epidemiological link among the fatal cases of
serogroup B invasive meningococcal disease in this
reported cluster. The genosubtyping of the isolates
proved important in the public health management of
this incident by showing that the cases were not part
of an outbreak with transmission links, in which mass
chemoprophylaxis might have been considered.
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From May 2009 to January 2010, the Virology
Laboratory at the University Hospital of Bordeaux
received more than 4,000 nasopharyngeal samples
from the Aquitaine region (south-west France) for the
diagnosis of pandemic influenza A(HiN1)2009. Eighty-
three infected patients deteriorated and were admit-
ted to intensive care units. Our study focused on 24
of these patients. Positivity for influenza A(HiN1)2009
was monitored by realtime PCR and duration of viral
shedding was determined. The first available sample
of each patient was analysed for bacterial, fungal and
viral co-infection. We observed six bacterial (or bac-
terial/fungal) co-infections and one viral co-infection
with respiratory syncytial virus. The samples were
analysed for the presence of the neuraminidase H275Y
(N1 numbering) mutation, which confers resistance
to oseltamivir, by realtime PCR of the neuraminidase
gene. No H275Y mutation was observed in any of the
viral strains screened in this study. In parallel, a frag-
ment of the haemagglutinin gene encoding amino acid
residues 173 to 362 was sequenced to detect muta-
tions that had been reported to increase the severity
of the disease. Two patients were infected by strains
bearing the D222G (H3 numbering) mutation. The viral
shedding of A(HiN1)2009 in this study ranged from
four to 28 days with a median of 11 days.

Introduction

During the influenza A(H1iN1)2009 pandemic, the virol-
ogy laboratory at the University Hospital of Bordeaux
received from May 2009 to January 2010 more than
4,000 samples collected from the Aquitaine region
(south-west France), an area with three million inhabit-
ants. Some 1002 (24.9%) samples were confirmed as
positive for pandemic influenza A(H1iN1)2009 by real-
time PCR. During this period, the three intensive care
units (ICUs) of the University Hospital of Bordeaux
received 83 patients with severe clinical conditions
including acute respiratory distress syndrome (ARDS).
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Six of them required extracorporeal membrane oxy-
genation (ECMO) support. We could study those six
and an additional 18 influenza-positive ICU patients
in detail to address the following points: to establish
the presence of microbial co-infection on admission,
to obtain molecular data on the oseltamivir resistance-
associated H275Y mutation [1] in the neuraminidase
gene, to screen for already identified mutations in the
haemagglutinin (HA) gene that may have an influence
on the virulence of the virus [2-5], and to evaluate the
duration of viral shedding.

Methods

Patients with confirmed influenza A(HiN1)2009 were
selected retrospectively for this study after their admis-
sion to the ICU for influenza complications, for exam-
ple respiratory failure or exacerbation of an underlying
chronic condition requiring surveillance or assistance.
The patients in this study were admitted to the ICU
between May 2009 and January 2010.

The detection of influenza A(H1N1)2009 viral RNA was
carried out in nasal swabs, bronchoalveolar lavage
fluids or respiratory secretions. Pandemic influenza
A(H1N1)2009 was diagnosed using the Roche detection
kit for influenza A (RealTime ready Influenza A(H1N1)
detection set) and operated on a Roche LightCycler
480.

We screened each patient at admission for viral, bacte-
rial and fungal co-infections. Viral respiratory co-infec-
tions were investigated using a multiplex PCR assay
(Seegene Seeplex RV5-ACE screening) which allows the
detection of influenza A, influenza B, respiratory syn-
cytial virus (RSV) A/B, adenovirus A/B/C/D/E, parain-
fluenzavirus 1/2/3, bocavirus 1, metapneumovirus,
human rhinovirus and coronavirus 0C43/229E/NL63/
HKU1. Bacterial and fungal co-infections were diag-
nosed after culture and/or serology.
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The H275Y (N1 numbering) mutation conferring resist-
ance to oseltamivir was investigated on admission on
the first specimen by a fluorescence resonance energy
transfer (FRET)-based assay designed in the virology
laboratory in Bordeaux as previously described [6].

For sequencing of the HA gene, influenza A
RNA was reverse-transcribed using the Titan
One Tube RT-PCR kit (Roche) with primers HA1S
(ATGAAGGCAATACTAGTAGTTATGCTATATAC) and HA1AS
(TTAAATACATATTCTACACTGTAGAGACCC). cDNA was
then subjected to a nested PCR to amplify a fragment
encoding for amino acid residues 173-362 with prim-
ers HA3S (CCAAAGCTCAGCAAATCCTAC) and HA3AS
(ATCTCGTCAATGGCATTCTGT). The sequences were
aligned to the reference strain A/California/o6/2009
using Clustalw and Jalview softwares.

Duration of viral shedding was determined as the
period between the onset of symptoms and the last
positive PCR for influenza A(HiN1)2009 with exception
of some cases for whom onset of symptoms could not
be determined (the first positive PCR being used as Do
of viral shedding). As there was no standard protocol
for the follow-up of influenza patients, sampling could
have stopped while the patients were still positive for
influenza A(H1N1)2009. Using such a method we may
have underestimated the duration of the shedding but
were not dependent on a negative PCR to evaluate the
shedding.

Results

We studied 24 patients admitted to the ICU for severe
influenza A(HiN1)2009 between May 2009 and January
2010. All the data collected are summarised in Table
1. The patients had a median age of 51.5 years rang-
ing from 2 to 85 years and the female:male sex ratio
was 0.45. Eight patients were immunocompromised
(one with lung carcinoma with metastasis, one with
co-infection with human immunodeficiency virus (HIV)
and hepatitis C virus (HCV), two with leukaemia, two
with lymphoma and two patients under follow-up for
transplantation), seven had chronic cardiovascular
and/or pulmonary diseases, four were obese (BMI>30),
and nine had no comorbidity. During the study four
patients died.

We were able to collect data concerning antiviral treat-
ment for 20 of the 24 patients. The 20 patients had
received the neuraminidase inhibitor oseltamivir. The
median time of oseltamivir treatment initiation in the
17 patients for whom this information was available,
was five days after the onset of symptoms (range: 1-12
days).

Screening on admission for microbial co-infections
revealed only oneviral co-infection with respiratory syn-
cytial virus (RSV) and six bacterial or fungal co-infec-
tions: Staphylococcus aureus, Haemophilus influenzae,
Streptococcus agalactiae, Branhamella catarrhalis,
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Enterobacter cloacae, Mycoplasma pneumoniae and
Candida albicans (Table 1)

We were able to follow up positivity for influenza
A(H1iN1)2009 viral RNA in 18 patients for whom we
had several specimens. The median duration of
viral shedding was 11 days (4-28 days, Table 2).
Immunodepression was associated with prolonged
viral shedding, with six of the eight immunocompro-
mised patients PCR-positive 14 or more days after
onset of symptoms (Table 1); the two other patients
who also shed virus for longer than 14 days were
obese. Immunocompetent and immunocompromised
patients shed virus for a median duration 10 days and
16 days, respectively.

The H275Y mutation was not detected in any of our
patients, nor was any other mutation at position 275 of
the neuraminidase gene.

We amplified 26 HA sequences from 21 patients (two
patients were investigated with several successive
samples). The different substitutions of our isolates
compared to the reference strain are shown in the
Figure. Three samples from two different patients
exhibited the D222G substitution. The first (Patient 1 in
Table 1) was a patient with morbid obesity (body mass
index»>40) presenting a severe ARDS requiring ECMO
support for nine days and mechanical ventilation for a
further 20 days. The HA sequence of virus isolated from
their bronchoalveolar lavage fluid showed a mixed pop-
ulation at codon 222: D222EG. As shown in Table 1, she
exhibited prolonged viral shedding of 28 days (already
published [7]) but recovered and was discharged after
one month. The second case (Patient 8 in Table 1) had a
lymphoma and chronic obstructive pulmonary disease.
Viral shedding lasted for a minimum of 14 days (from
the first to the last positive sample), and the patient
died after 19 days of hospitalisation. Four influenza
A-positive samples from this patient were subjected to
HA sequencing. The first sample, a nasal swab, did not
contain the D222G substitution, nor did the second one
which was a respiratory secretion. Interestingly, the
D222G was identified in the third and fourth specimens
obtained from secretions 12 and 14 days after the first
sample. A mixed population (D222DG) was noted in the
fourth specimen. In addition to the D222G mutation,
isolates from all four samples contained a V321F sub-
stitution in HA that did not match any HA sequences
published as of May 2010.

Other substitutions are listed in Table 3 and include
S203T (13/26 sequences), and less frequently D222E
(4/26), Y230H (1/26), M257I (1/26), Q293H (1/26), 1295V
(2/26), K305R (1/26), V321l (2/26) and V321F (5/26).

Discussion

In Aquitaine, 13-25% of the population were infected
with influenza A(H1iN1)2009 during the pandemic [8]..
Between May 2009 and January 2010, 83 patients suf-
fered from a complicated influenza and were admitted
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to an ICU. Influenza A(H1iN1)2009 has been widely
reported to affect subjects younger than those usu-
ally affected by seasonal influenza, i.e. people over
than 65 years of age or with underlying chronic condi-
tions [9,10]. This is in accordance with the 24 severely
ill patients in our study who had a median age of 51
years. While one third of them (9/24) did not have an
identified risk factor for influenza, the remaining two
thirds were either immunocompromised or presented
with underlying respiratory and/or cardiac disease or
were obese.

While ARDS was also observed in previous seasonal
influenzas, it was more frequent with the pandemic
influenza A(H1N1)2009 virus strain. ARDS was respon-
sible for 36-96% of admissions to ICUs during the
pandemic [11-14] and might account for the increased
need for ECMO support [15]. Among the 83 critically
ill patients in Aquitaine, ARDS was involved in 57 [8].
Seven of the 83 received ECMO support for a median
duration of 16 days, and six of those were included in
the present study. Patients under ECMO in this study
were either immunocompromised and/or obese. This
is in line with other studies that identified obesity as
a comorbidity for influenza A(HiN1)2009, as already
noted in previous studies [13,16,17].

Our patients were screened on admission to the ICU for
microbial co-infections that could increase the sever-
ity of the influenza. Viral co-infection was scarce:
one case of influenza/RSV co-infection was seen in a
patient in their 60s with no risk factors. In addition, we
found six bacterial/fungal co-infections, the majority
of which were not acquired in the hospital. While one
of them, Patient 12, died of fatal septicaemia caused
by a S. aureus infection, there was no suspicion that
the bacterial co-infection had an effect on the sever-
ity of influenza in the five remaining patients. A recent
study reported that the role of bacterial co-infection
in the need for ICU admission is not clear, but that the
virus is the cause of critical illness in the vast majority
of cases [18].

The median duration of viral shedding was 11 days in
our study, which is longer than the five to seven days
noted in uncomplicated A(HiN1)2009 cases [19-21].
Eight of the nine patients shedding virus particles for
longer than the median had an identified risk factor,
among others immunodepression and/or obesity that
are considered as a poor prognostic factor. However,
the ninth patient had no comorbidity. It is widely
accepted that the period of shedding of influenza virus
is longer in immunocompromised patients [19,20].
Interestingly, viral shedding was longer in patient 1
(with a 28-day peak) whose immunological status was
normal but who was obese. Furthermore, patients with
ECMO or with a fatal outcome had longer viral shed-
ding values than others.

The patients included in this study had been treated
with the neuraminidase inhibitor oseltamivir. The
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TABLE 2

18)

Viral shedding in intensive care patients determined by detection of A(HIN1)2009 RNA by realtime PCR, Bordeaux, May 2009-January 2010 (n

10
11

Dayo: Day of onset of symptoms (or first positive PCR when onset of symptoms could not be determined).

12
13
14
15
16
17
18
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median delay before initiation of treatment was five
days, which exceeds the recommended time for the
administration of oseltamivir at the latest 48 hours
after the onset of symptoms [22]. Late treatment due
to delayed admission to the ICU and comorbidities
could account for prolonged viral shedding because of
a slower viral clearance [23]; it has been shown that
treatment initiated one to three days after infection
significantly shortens viral shedding duration [24].
However, Patient 3 was shedding virus particles for 19
days despite rapid administration of oseltamivir.

As among the currently licensed drugs only neurami-
nidase inhibitors remain useful to treat influenza
A(H1N1)2009, it is of particular importance to monitor
the resistance/sensitivity of viral isolates to oseltami-
vir. Unfortunately worrying levels of oseltamivir-resist-
ant isolates of the seasonal influenza A(HiN1) have
emerged in Europe [25,26]. In these viruses, the most
frequent mutation conferring resistance to oseltami-
vir is the H275Y substitution [27] in the neuramini-
dase gene, which does not cause cross-resistance to
zanamivir.

Among the 26 isolates analysed, we have not observed
any H275Y substitution. These data are in accordance
with the literature showing that the prevalence of
resistant A(HiN1)2009 viruses is at present very low.
As of August 2010, 304 cases of oseltamivir resistance
in this strain have been reported worldwide [28], all of
which were due to the H275Y mutation in NA.

The HA protein is one of the determinants of virulence
and host specificity through it’s interaction with the
sialic acid receptor on the cell surface. While avian
influenza viruses preferentially bind to alpha2,3-linked
sialic acid, human viruses prefer the alpha2,6 linkage
[29]. It has been shown that two positions in HA are
involved in determining sialic acid binding preference,
namely amino acid residues 187 and 222 (190 and
225 in H3 numbering) [30]. A D222G mutation causes

TABLE 3

Frequency of haemagglutinin substitutions identified
in influenza A(HIN1)2009 isolates from intensive care
patients, Bordeaux, May 2009- January 2010 (n=21
patients)

Frequency (@among Number of patients exhibit-

Mutations in HA

the 26 sequences) ing this mutation

S203T 50% 12
D222G 8% 2
D222E 15% 4
Y230H 4%

M2571 4% 1
Q293H 4% 1
1295V 8% 2
K305R 4% 1
V321l 8% 2
V321F 19% 1

HA: haemagglutinin.
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a shift to preferential binding to alpha2,3 receptors.
This mutation has recently been described in influenza
A(H1N1)2009 isolates from patients with severe dis-
ease or fatal outcome in several countries [2,4,5,31,32],
but has also been detected in association with a mild
disease [33].

Two D222G substitutions were observed in our study.
Both patients experienced a severe clinical course of
disease. One required ECMO and the estimated viral
shedding lasted 28 days [7], while the other died after
19 days and was at the time probably still positive for
influenza A(H1N1)2009, although no autopsy was per-
formed. In the deceased patient, this mutation was not
present on admission but appeared 12 days after the
first positive sample, therefore suggesting a selection
event. We propose that the long duration of viral shed-
ding allowed the virus to evolve and acquire this sub-
stitution. Whether or not this mutation accounted for
the severity of the disease in this patient remains to be
investigated.

Interestingly, the 1918 Spanish influenza isolate NY18
carried the combination D19o/G225 and had double
specificity for both alpha2,3- and alpha2,6-linked
sialic acid [30]. It has been shown in ferrets that this
viral isolate fails to transmit efficiently but remains vir-
ulent [30,34]. Alpha2,3 sialic acid receptors are found
in the lower respiratory tract in humans [35]. Like the
avian influenza A(Hg5N1) virus, strains with mutations
that affect receptor binding might be less efficiently
transmitted but could have an increased pathogenicity

[4].

In addition to the D222G substitution, we observed
four D222E substitutions in this study (Table 3, Figure).
Although these patients had prolonged viral shedding,
we could not clearly establish a link with the severity
of the disease as they all, except Patient 9, presented
comorbidities. Studies have shown that the proportion
of D222E is similar in mild and severe cases [32].

In parallel, we found Q293H and l295V mutations
whose pejorative role has been mooted but remains to
be confirmed [3].

Conclusion

In 24 patients hospitalised in the ICU for pandemic
influenza A(HiN1)2009 infection, the requirement
for ECMO was mainly associated with comorbidities
(immunodepression/pulmonary disease/obesity) and
long viral shedding despite oseltamivir treatment.

All strains were found susceptible to oseltamivir. The
D222G substitution was observed in only two patients
and we hypothesise that this mutation is selected for
in the lower respiratory tract but is not transmitted.
Microbial co-infections were detected, but with one
exception it was not clear whether they contributed to
the severity of the disease. We think that the influenza
virus alone was responsible for the severe disease and
the evolution toward ARDS.

www.eurosurveillance.org
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To the editor: In response to the paper by Ellis et al. [1],
published in Eurosurveillance Volume 16, issue 1, we
would like to make a few observations.

D222G/N substitutions in the haemagglutinin of influ-
enza A(HiN1)2009 strains have been associated with
increased virulence [2-4].

An enhanced binding affinity of the mutated haemag-
glutinin to the a-2,3 sialic acid receptor rather than
to the a-2,6 sialic acid receptor has been postulated
to be the basis of the increased virulence of D222G/N
mutants [3]. The a-2,3 sialic acid receptor is present at
higher density on the surface of the cells of the lower
respiratory tract tissues whereas the a-2,6 sialic acid
receptor is present at higher density on the surface of
cells of the upper respiratory tract tissues.

In surveillance reports from different countries, the
overall presence of such mutants ranged from 2.0% to
5.6%, while it was significantly higher (up to 22.9%)
in severe or in fatal cases [2-4]. Interestingly, the
paper by Kilander et al., analysing both nasal swabs
and bronchoalveolar lavage, showed the highest rate
of D222G/N mutants in patients with severe and fatal
infections [2]. In a multicenter study, we analysed paired
nasal swabs and bronchoalveolar lavage samples from
patients admitted to intensive care units for mechani-
cal ventilation or extracorporeal membrane oxygena-
tion. The samples were compared with samples from
patients with pneumonia not requiring mechanical ven-
tilation and from community patients. Our data showed
that D222G/N mutants were more frequently detected
in lower respiratory tract secretions than in secretions
from the higher respiratory tract [5]. In addition, by
combining data from nasal swabs and bronchoalveolar
lavage samples, the frequency of D222G/N mutants in
patients with severe infections increased to 43.0%, as
compared to 7.8% and 0% in patients with moderate
and mild infections, respectively [5]. In agreement with
the pathogenetic hypothesis considering the lower
respiratory tract as the more favorable environment
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for replication of such mutants, viral RNA levels were
significantly higher in bronchoalveolar lavage samples
than in nasal swabs [5].

Ellis et al. reported that almost all viruses derived from
fatal and non-fatal cases analysed (39/41) in the United
Kingdom during the early wave of the 2010/11 influenza
winter season showed the wild-type 222D haemagglu-
tinin residue [1]. Thus, in the paper by Ellis et al., severe
and fatal influenza cases were not associated with the
emergence of D222G/N mutants, even though the role
of other aminoacid substitutions remains to be deter-
mined [1]. The authors of this study do not specify the
type of clinical samples used for analysis. In the case
they used nasal swabs only, on the basis of the above-
referenced studies, the rate of D222G/N mutants might
have been underestimated.

For a better understanding of the mechanisms of influ-
enza A pathogenicity and the epidemiology of severe
and fatal events, the analysis of bronchoalveolar lav-
age specimens in parallel with nasal swab specimens
from patients admitted to intensive care units for
severe infections should be envisaged. Additionally, a
post-mortem analysis of tissues and/or secretions from
the lower respiratory tract from deceased patients, in
the event they had not been previously analysed, is
important.
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To the editors: Our Italian colleagues provide com-
mentary on an important question, as yet unresolved,
regarding the relationship between pathogenesis
of influenza A(HiN1)2009 infection and mutation in
particular viral genes contributing to virulence. Viral
haemagglutinin (HA) is the key virulence determining
gene for influenza in birds, and a major determinant
for host cell tropism in mammalian influenza [1]. The
link between cell tropism and virulence in humans
remains unclear; many different approaches to this
question conclude that virulence is associated with
multiple viral genes, including genes determining rep-
lication efficiency (polymerase genes) and non-struc-
tural genes governing the interaction with the host
immune response.

The emergence of animal viruses into the human popu-
lation is associated with adaptive mutations [2-3] and
tracking substitutions at residues known to be asso-
ciated with such adaptive changes is an important
surveillance function. The commentary highlights the
opportunities arising from surveillance to develop and
apply hypothesis generating questions from observa-
tional data sets.

During the 2009 pandemic, attention has focussed
on amino acid substitutions at position 222 in the HA
of influenza A(HiN1)2009 viruses, which has been
observed to vary [4], with aspartic acid (D), glutamic
acid (E), asparagine (N) and glycine (G) residues being
present at this position. There is a clear correlation
between enhanced binding to a2-3-linked sialyl recep-
tor sequences by 222G variants and increased infec-
tion of ciliated epithelial cells in vitro models [5].

Our rapid communication of data obtained during the
early phase of the epidemic in winter 2010 in the United
Kingdom, using available material predominantly
derived from swabs taken at the point of diagnosis
from the upper respiratory tract (URT), was intended
to provide a comprehensive update from all available
sources, to give as full a picture as possible. We agree
that wherever possible, when URT and lower respiratory
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tract (LRT) samples are available from individual cases,
analysis in parallel is important, as well as sequential
sampling from individuals who are hospitalised with
severe illness. The ability to link both of these obser-
vations to clinical outcome and “within host” variation
or evolution is important. We recognise that there is
an inherent bias in such an approach, as individuals in
the community are almost never sampled from the LRT,
leading to the possibility of over interpretation of the
importance of a single mutation, by focussing only on
severe cases, but analysis of clinical outcome and its
relationship to whole genome genetic composition of
influenza viruses is underway in several different cen-
tres internationally.

The selection and emergence of the D222G mutation as
a cause or consequence of more severe lower respira-
tory tract infection is still to be resolved. Emergence of
this mutant is likely to exacerbate severity of disease,
but by itself, may be neither necessary nor sufficient to
account for a severe disease outcome, which is invaria-
bly a balance between virus virulence factors and host
immune response capability. Further work is needed,
both at the level of reductionist experimental pathol-
ogy work in the animal model, and at the observational
level in human populations. Detailed studies such as
the Mechanisms of Severe Acute Influenza Consortium
(MOSAIC) study [6], which focus on analysis of viral
virulence and host immune response in severe illness,
are likely to provide insights useful to understanding
pathogenesis in humans. We thank our colleagues
for raising this comment and for the opportunity to
broaden the commentary in more detail than was pos-
sible in the original article.
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