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Hospital-acquired listeriosis cases are not commonly
reported but remain a significant public health prob-
lem. We report on three cases in patients with under-
lying conditions occurring during one week in February
2011. The cases had common exposure to pre-packed
sandwiches and salads manufactured in compliance
with regulations. Breaches in cold chain and shelf life
controls at hospital level were identified as key con-
tributing factors. Rigorous hospital food management
systems remain important for patient safety.

Case description and clinical diagnosis
Listeria monocytogenes bacteraemia was confirmed in
three patients admitted on 4, 5, and 6 February 2011
to a hospital in the Midlands region of England. Two
were male and one was female. All lived in the same
city served by the hospital but did not have any social
links. Two cases were in the age range 50-59 years and
one was older, over 80 years. All the three cases had
underlying conditions which included malignancies
and inflammatory bowel disease.

Cases were admitted in February 2011 to the same
hospital where they had been hospitalised previously
between 22 and 31 January 2011. Onset of symptoms
leading to readmission of all three patients, ranged from
29 January to 3 February 2011, and these included fever,
headache, confusion, abdominal pain and vomiting and
L. monocytogenes was diagnosed in blood cultures
three to four days after admission. All cases responded
to antibiotic therapy with full recovery from infection.

Investigation and control measures

The 1,200-bed hospital is the only acute care facility
in a district with approximately 500,000 inhabitants.
A review of laboratory records for the preceding 12
months identified four unrelated (sporadic) community-
acquired listeriosis cases. This background incidence
rate is in keeping with national surveillance data, with
162, 180, and 139 non-pregnancy associated cases
reported in 2008, 2009, and 2010 across England and
Wales [1].
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Following the identification of the three cases
described above, an outbreak control team convened
on 11 February 2011 to investigate the suspected out-
break and to advise on control measures.

Medical staff and management at the hospital were
informed of the listeriosis cluster and the possibility of
further cases. The hospital infection control team rein-
forced standard food avoidance advice for ready-to-eat
foods commonly associated with listeriosis (such as
paté, smoked fish and mould ripened soft cheeses, or
pre-packed sandwiches and salads) to patients with
severe underlying conditions and/or on immunomodu-
lating therapy, or pregnancy, and their families [2]. In
addition, ward level food storage, distribution, and
disposal practices were reviewed and staff reminded
to follow existing protocols.

Food history of patients

Interviews with the three cases and their close relatives
excluded animal contact and travel as relevant expo-
sures. Food histories of the preceding four months did
not identify common food preferences, consumption or
purchasing while living at home. None had preference
for ready-to-eat foods commonly associated with L.
monocytogenes, nor were these present in their home
refrigerators. The cases had attended the hospital out-
patient department on various occasions between the
two admissions, prior to disease onset, but had not
eaten ready-to-eat foods from on-site shops. Hospital
food was not served to patients attending the outpa-
tient department.

The patients reported that during their hospital stays
they had not eaten food (including ready-to-eat foods
and sandwiches) from home or any of the eight pri-
vately-owned on-site visitor/staff canteens and shops.
They had all consumed food provided by the hospital,
and this had not been kept at room temperature but
consumed immediately. The food histories were sup-
plemented by a review of patient menu choice records
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kept by the hospital. The only risk factors (common
food exposure) identified were pre-packed sandwiches
and salads provided by the hospital during the com-
mon period of hospitalisation (22 to 31 January 2011).
A wide variety of sandwiches and salads were eaten
by all the cases, with no single sandwich or salad type
being identified as unique common exposure. Salad
types consumed included turkey, ham, cheese and
coleslaw, and sandwich fillings included cheese, egg,
ham, salmon, tuna, turkey, and tomato.

Isolates of L. monocytogenes from blood cultures of
the three cases were identified as serogroup 4, and
fluorescent amplified fragment length polymorphism
(fAFLP) type V21. The isolates were thus indistinguisha-
ble by molecular typing, supporting a point source out-
break. In the absence of a common food exposure or
source (no identified home-based common food expo-
sure and no common food source that they used prior
to the first hospital admission) the three cases were
most likely exposed to contaminated food during their
overlapping admission episode in January 2011. Based
on this assumption, incubation periods were estimated
to range from one-four days (minimum) to eight-13 days
(maximum).

Investigation of food suppliers

An environmental health investigation confirmed that
a single manufacturer supplied pre-packed sand-
wiches to the hospital for inpatient meals. Salad was
prepared at the hospital central kitchen. At the hospi-
tal, samples for microbiological analysis were taken
from ready-to-eat foods (pre-packed sandwiches, pre-
packed meats, cheddar cheese, cottage cheese used in
on-site salad preparation, and completed salads), and
kitchen drains. No L. monocytogenes was isolated from
a total of 27 samples taken from this hospital between
10 and 24 February 2011.

A review of ready-to-eat food management practices at
the hospital revealed that storage temperatures gener-
ally did not exceed 5°C, but gaps in recordkeeping were
found during evenings and weekends. Some instances
were observed of ready-to-eat foods being accepted
from the supplier at temperatures above 5°C. Salad
preparation in the hospital kitchens revealed lapses
of the procedure for washing and disinfecting vegeta-
bles using chlorine. In addition, prepared salads were
commonly given a two- or three-day shelf life rather
than the recommended one day. Measures were taken
to rectify these issues and food safety procedures are
being updated at this hospital.

The eight privately owned on-site visitor/staff canteens
and shops were inspected. Each was found to have dif-
ferent suppliers, and none of them supplied the same
food as that given to inpatients in the hospital. Despite
the fact that the three cases reported not to have
obtained food from these eight outlets, 15 samples
were taken of pre-packed sandwiches and salads as a
precaution. L. monocytogenes serotype 4 (<20 cfu/g)
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was isolated from one ham and cheddar cheese sand-
wich but the fAFLP type differed from the isolates of
the three cases.

A full production hygiene investigation (focused on
sandwich and salad component production) of the
manufacturer supplying food for hospital inpatients
was undertaken by local environmental officers. There
was a fully documented hazard analysis and control
system in place and the quality assurance programme
included daily microbiological testing of sandwiches
for indicator organisms at three days after production
(end of shelf life), with enumeration testing for Listeria
spp., including L. monocytogenes, approximately every
ten days.

For the five months prior to 20 December 2010, none
of 38 samples exceeded 10 cfu/g for Listeria spp. Due
to adverse winter weather conditions routine sampling
had ceased from 21 December 2010, to be resumed
only after the detection of the three listeriosis cases
early in February 2011. Based on hazard analysis con-
trol system documentation, no breach of production
quality processes was detected during this period.
Further independent sampling by environmental
health officers on 23 February 2011 did not detect L.
monocytogenes in ten sandwich samples and 15 envi-
ronmental (food production sites and drains) samples.
From March 2011, the company revised their microbio-
logical sampling plan (including sampling sandwiches
on day of production) and are now using both enumer-
ation and enrichment techniques in L. monocytogenes
detection. To date, no further L. monocytogenes iso-
lates in sandwich samples have been detected from
the supplier.

Discussion and conclusion

Detailed investigations identified the consumption of
hospital supplied sandwiches and/or salads during the
last ten days in January 2011 to be a likely risk factor for
infection with L. monocytogenes. The cluster is unlikely
to be due to a chance occurrence, as cases occurred
close together in excess of background incidence, had
overlapping hospital stay, and isolates were indistin-
guishable by fAFLP typing. Microbiological evidence
that hospital supplied food was the source of infection
could not be established.

The sandwich producer follows the British Sandwich
Association target microbiological standard in finished
products (at end of shelf life) of Listeria spp. at <10
cfu/g which is compliant with European Commission
(EC) regulations [3,4]. Whilst the detection of <10 cfu/g
of L. monocytogenes in sandwiches and salads sup-
plied to patients provides some assurance, sample
numbers were low and taken more than ten days after
cases were likely to have been exposed. In addition,
the break in sampling by the producer before and dur-
ing the case exposure period coupled with signifi-
cant cold chain breaches and extended salad shelf
life at the hospital preceded the cases. Two extensive
United Kingdom (UK)-wide microbiological surveys of



sandwich quality served at hospitals and healthcare
institutions reported 2.7 - 3.1% of samples containing
L. monocytogenes [5]. In both studies, the presence
of Listeria spp. and L. monocytogenes was associated
with sandwiches produced outside the hospital, and
where storage above 8°C had occurred.

In our experience sandwiches are commonly consumed
by all patients in the study hospital, as well as most
hospitals across the UK [6,7]. Even low levels of L.
monocytogenes in sandwiches and ready-to-eat foods
pose a risk to certain immunocompromised patients
and pregnant women. The vast majority of sandwiches
are safe, and hospital incidents and outbreaks of lis-
teriosis are relatively infrequent, with six outbreaks
reported in England and Wales from 1999 to 2008 [7].
However, listeriosis is a serious disease in compro-
mised patients, and despite low numbers it remains a
significant patient safety concern. Leading investiga-
tors have therefore recommended that food served to
hospital patients to be free from potential pathogens,
including L. monocytogenes [5-7].

Although this hospital food manufacturer supplies
food to many other hospitals in the UK, no further
laboratory confirmed cases of listeriosis of the same
fAFLP type (V21) were identified in the UK more than
10 weeks after the cluster was detected and there
were no other outbreaks of listeriosis or sporadic
cases of this unique fAFLP type. Even though the
ready-to-eat foods in this study were manufactured
in accordance with the European Union regulations
[4], it is possible that lack of temperature and shelf-
life controls at the study hospital were key factors
leading to increases in listeriosis and infection in
vulnerable patients.

The investigation of hospital-based L. monocytogenes
outbreaks is notoriously difficult due to low attack
rates, incomplete case ascertainment, food histories
spanning long periods, and food samples often being
negative or taken long after the exposure time [7].
Such outbreaks are likely to be underreported, with
publication bias towards larger outbreaks confirming
microbiological food exposures. In order to develop
appropriate future control strategies for this ongoing
public health problem, we recommend that investiga-
tors make every effort to report and publish the full
spectrum of hospital associated L. monocytogenes
clusters and outbreaks.
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Following the 2010/11 influenza season, we deter-
mined the age- and location-specific seroprevalence of
antibodies against the influenza A(H1iN1)2009 virus in
Scotland. Samples were analysed by microneutralisa-
tion assay. Age/seropositivity profiles varied signifi-
cantly between cities. The increases in seroprevalence
relative to the previous influenza season (2009/10)
were similar across age groups and geographic loca-
tions. However, the increased seropositivity in older
adults appeared to be driven by exposure to vaccina-
tion, indicating significantly lower levels of infection
than in younger age groups.

In 2010 we determined the age and location-specific
seroprevalence of antibodies against the influenza
A(H1N1)2009 virus in Scotland after the second wave
of the pandemic [1]. Following the 2010/11 influenza
season, we have carried out a similar study to identify
the changes in seroprevalence in Scotland from the
previous season. Although population demographics
and contact patterns may vary between countries, this
information can assist European public health policy
makers in planning for the 2011/12 influenza season.

Methods

The collection of samples and the materials and meth-
ods utilised were identical to those described in our
2010 study [1]. Briefly, anonymised serum and plasma
from leftover diagnostic samples taken in February
2011 (subsequently referred to as hospital/general
practice (GP) samples) were obtained from biochem-
istry laboratories in four cities in Scotland: Aberdeen,
Edinburgh, Glasgow and Inverness. For each site,
samples were categorised by patients’ age groups
(20-29, 30-39, 40-49 and =50 years) and 100 sam-
ples of each age group at each site were analysed.
In addition, 100 anonymised samples were collected
from leftover diagnostic samples taken in February
2011 in genito-urinary medicine (GUM) clinics in each
of the four cities. Antibody responses were detected
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by microneutralisation assays, according to standard
methods [2] using the NYMC X-179A reassortant virus
strain derived from A/California/7/2009 (supplied by
the National Institute for Biological Standards and
Control, Potters Bar). It has previously been demon-
strated that serum and plasma samples are equally
applicable to influenza A(H1N1)2009 microneutralisa-
tion assays [3]. Each sample was tested at a dilution
of 1:40, since positivity at this dilution has previously
been taken to indicate a significant antibody response
[4]. Logistic regression analysis was used to estimate
the effects of age group, location, sample type, and
potential vaccine exposure on seroprevalence. We
did not have information on the vaccination status
of patients whose samples were tested in this study.
However, data on vaccine uptake has been collected
from a cohort of approximately 93,000 individuals
from 17 general practices (GP) across Scotland [5]. The
geographic spread of the cohort does not allow sepa-
rate uptake calculations for each of the four locations;
nevertheless, vaccine uptake can be derived for each
age group.

Results

The table shows the percentage of samples that were
found to be positive for antibodies against the influ-
enza A(HiN1)2009 virus by age, location, and time
point, and how these percentages have increased
between March 2010 and February 2011.

The age/seropositivity profile is complex and varies
with location (Figure 1A).

Positivity was found to vary significantly with age
in Aberdeen (p=0.014), Edinburgh (p=0.003), and
Inverness (p<o0.001), but not in Glasgow (p=0.94). In
Aberdeen, seropositivity in the 40-49 year-old age
group was lower than in the 20-29 year-old age group
(p=0.007). In Edinburgh, the three older age groups
had significantly lower seropositivity than the 20-29



year-old age group (p=0.037, p<0.001, p=0.015 respec-
tively). In Inverness the 20-29 year-old age group had
higher seropositivity than all other age groups (p<o.001
in each case).

Location was found to have a significant effect in all
age groups except the 40-49 year-old group (p=0.67).
Among 20-29 year-olds, Glasgow showed a signifi-
cantly lower seroprevalence than Aberdeen (p<0.001),
while Edinburgh and Inverness did not. Among 30-39
year-olds, Edinburgh was similar to Aberdeen, with
Glasgow (p=0.016) and Inverness (p=0.007) having
significantly lower seroprevalence. In the =250 year-
old age group, all locations had significantly lower
seroprevalence than Aberdeen (Edinburgh: p=o0.03;
Glasgow: p<0.001; Inverness: p<0.001).

The samples obtained from GPs and hospital depart-
ments cannot be considered a random sample from the
general population as they are likely to have an over-
representation among patients in groups more likely
to receive an influenza vaccination. It is not likely that
patients attending GUM clinics are over-represented in
such groups. Figure 1B shows the seropositivity among
20-29 year-old hospital/GP patients and 20-29 year-
old GUM clinic attendees for each location. In Glasgow
(p=0.013) and Inverness (p=0.014), seropositivity in
hospital/GP samples was lower than in GUM samples.

TABLE

No such differences were observed in Aberdeen and
Edinburgh.

Despite the differences in age/seropositivity profiles
in each location, overall levels of seropositivity in
each location increased by similar amounts (p=0.59)
between 2010 and 2011 (Figure 2A).

The same is true for all age groups, with similar
increases in seropositivity observed (p=0.65) (Figure
2B). Anoverallincrease in seroprevalence was observed
between 2010 and 2011 (p<0.001). These interactions
indicate that between 2010 and 2011, there was no
overall change in the relationship between seropositiv-
ity, age and location.

Figure 3 shows the relationship between seropreva-
lence and vaccine exposure in each age group for 2010
and 2011.

As expected, in all age groups, the proportion of indi-
viduals who have received the vaccine increases from
2010 to 2011. However, the increase in those aged
250 is much greater than in any other group (a con-
sequence of people aged over 65 being routinely tar-
geted for the seasonal vaccination in season 2010/11,
but not for the influenza A(HiN1)2009 vaccination in
season 2009/10).

Increase in percentages of samples positive for antibodies against the influenza A(HIN1)2009 virus by age, location, and

time point, Scotland, March 2010 and February 2011

March 2010 [1]
Age group *2
(years) Percentage of positive samples
(95% confidence interval)

Location

February 2011 Increase

Percentage of positive samples Percentage of positive samples
(95% confidence interval) (95% confidence interval)

69 (62.6 to 75.4)

22 (9.0 t0 35.6)

63 (53.5 t0 72.5)

12 (-7.3 to 11.7)

53 (43.2 to 62.8)

14 (-5.4 0 33.4)

73 (64.3 to 81.7)

24 (15.7 t0 52.3)

72 (65.8 to0 78.2)

29 (15.7 to 42.1)

60 (50.4 to 69.6)

25 (6.1 t0 43.9)

52 (42.2 to 61.8)

24 (5.4 t0 42.6)

58 (48.3 t0 67.7)

13 (-6.5 t0 32.5)

44 (36.6 t0 50.4)

17 (4.4 t0 30.4)

46 (36.2 t0 55.8)

28 (10.7 t0 45.3)

45 (35.2 t0 54.8)

19 (0.6 t0 37.4)

42 (32.3t051.7)

9 (-9.9 t0 27.9)

71 (64.7 t0 77.3)

21 (7.8 t0 34.2)

44 (34.310 53.7)

15 (-3.6 t0 33.6)

49 (39.2 10 58.8)

21 (2.4 t0 39.6)

20-29 47 (39.8 10 53.6)
0- 1(41.2 to 60.8
Aberdeen 30739 514 )
40-49 39 (29.4 t0 48.6)
250 39 (29.4 t0 48.6)
20-29 43 (36.1t0 50.1)
o- 25.7 10 44.
Edinburgh 30-39 35 (25.7 t0 44.3)
40-49 28 (19.2 t0 36.8)
250 45 (35.2 10 54.8)
20-29 26 (20.0 t0 32.2)
30-39 18 (10.5 to 25.5)
Glasgow
40-49 26 (17.4 t0 34.6)
>50 33 (23.8 t0 42.2)
20-29 50 (43.1t0 56.9)
30-39 29 (20.1 to 37.9)
Inverness
40-49 28 (19.2 t0 36.8)
250 19 (11.3 to 26.7)

30 (21.0 - 39.0)

11 (-5.7 to 27.7)

*In the 20-29 year-old groups, hospital/general practice and genito-urinary medicine clinic samples are combined (n=200 samples in each
location for 2011, while in 2010 n=199 samples in Aberdeen, 195 in Edinburgh, 199 in Glasgow, 200 in Inverness).

2|n the 30-39, 40-49, and 250 year-old groups, n=100 samples per age group in each location at each time point.
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Increases in vaccine exposure are strongly related to
increased seroprevalence (p<o0.001), but the increase
in seropositivity among those aged =50 is significantly
less than would have been expected relative to those
aged less than 50 (p<0.001). This implies that in the 250
year-old age group a higher proportion of the increase
in seropositivity is due to vaccination than in any other
age group.

Discussion

Since the outbreak of influenza A(HiN1)2009, sev-
eral studies have been undertaken to measure the
frequency of antibodies against the virus [1, 6-10].
Taken together, these studies illustrate the spread of
the virus at different time points and geographic loca-
tions since it began to spread in spring 2009. The
work described here represents one of the earliest
assessments of antibody seroprevalence following the

FIGURE 1

Samples positive for antibodies against the influenza
A(HINT) 2009 virus by age, and sampling source for each
location, Scotland, February 2011
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2010/11 influenza season in the northern hemisphere.
In addition, due to the consistencies in sampling, mate-
rials, and methods with the study that we carried out
following the 2009/10 influenza season [1], it has been
possible to estimate increases in antibody seropreva-
lence in Scotland during the third wave of infection.
While hospital/GP samples cannot be considered to be
a random sample from the general population, such
samples have previously been used to estimate sero-
prevalence [4].

In our previous study, we speculated that Glasgow
and Inverness might experience higher levels of influ-
enza activity than Aberdeen and Edinburgh during
the 2010/11 influenza season [1]. However the results
described here indicate that similar levels of influenza
activity occurred in each of the four locations (although
geographical variations in vaccine uptake are not
known). Overall, age/seroprevalence graphs for each
city have essentially shifted upwards in relation to
2010: Aberdeen and Edinburgh still show higher levels
of seropositivity than Glasgow, with seropositivity in
Inverness still decreasing with increased patient age.

FIGURE 2

Seropositivity for the influenza A(HIN1)2009 virus by
year and location (A) and year and age (B), Scotland,
March 2010 and February 2011
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In contrast to 2010, we observed higher levels of sero-
positivity in GUM samples than in hospital/GP sam-
ples in Glasgow and Inverness. The reason for this is
unclear; however, a possible explanation might involve
differences in social interactions between the two
patient groups, with GUM patients mixing with other
individuals more than those in the hospital/GP group.
In Aberdeen and Edinburgh, seropositivity levels were
higher, with less opportunity for the virus to be trans-
mitted to susceptible individuals regardless of social
mixing.

A weakness of this study is that we do not have any
information on the risk group and vaccination status
of the patients as only aggregate data could be used,
which could not be linked to any patient characteris-
tics. This means that we are unable to separate the
effect of vaccination from infection, or to adjust sero-
prevalence among hospital samples for possible selec-
tion bias associated with risk groups.

The observation that increased seropositivity in the
250 age group between 2010 and 2011 is strongly cor-
related with vaccination may suggest that compared to
younger individuals that the force of infection is weaker
in the older age group. This hypothesis assumes that
the cohort of 93,000 individuals is representative of the
influenza vaccine profile in samples taken from hospi-
tal/GP and GUM sites. This might be due to older indi-
viduals being protected from influenza A(H1iN1)2009 as
a result of previous exposure. If this is the case then it
indicates that testing samples in the microneutralisa-
tion assay at a dilution of 1:40 might represent too con-
servative an estimate of levels of protection against
influenza A(H1N1)2009. To examine this in more detail,
we have tested the samples described in this study at
lower dilution levels. Initial findings indicate that low
levels of antibodies that are reactive against influenza
A(H1N1)2009 can be detected in a significant propor-
tion of patients who are seronegative at 1:40, and that

FIGURE 3

this observation is particularly true for patients in the
250 age group. These data are currently being collated
for publication.

There remains significant variation in antibodies by
age and location to influenza A(H1N1)2009 virus among
the Scottish population with between 27% and 70% of
any age group or location being susceptible to infec-
tion. These observations support the World Health
Organization recommendation of the inclusion influ-
enza A(HiN1)2009 in the trivalent seasonal influenza
vaccine for the northern hemisphere this coming sea-
son [11]. However, these overall figures may be revised
following the analysis of samples at other dilutions in
the microneutralisation assay.
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The Florida Department of Health, Florida, United
States, is investigating a Vibrio cholerae 075 outbreak.
Ten cases with disease onsets from 23 March to 13
April 2011, presented with gastrointestinal symptoms
of diarrhoea, nausea, vomiting, cramps, chills, and/or
fever, after consuming raw or lightly cooked oysters
harvested from Apalachicola Bay, Florida. Symptoms
were milder than those during outbreaks of epidemic
(serogroup 01 and 0139) Vibrio cholerae; no case
required rehydration treatment or hospitalisation.

Outbreak report

On Friday 15 April, 2011 the epidemiology team of the
Escambia County Health Department (CHD), Florida,
United States (US), notified the Florida Department of
Health’s Food and Waterborne Disease Program (FWDP)
of a case of Vibrio cholerae non-01/non-0139. The man
in his early 20s had fallen ill with cramps, fever, watery
diarrhoea, and nausea on 12 April after consuming
raw oysters on 6 April in a restaurant. The bacterial
isolate was sent to the Florida Department of Health’s
Bureau of Laboratories (BOL) in Jacksonville for typing
and toxin testing. The suspect toxin-producing V. chol-
erae 075 specimen was forwarded to the Centers for
Disease Control and Prevention (CDC) and confirmed
positive on 19 April.

In the US, the intra- and interstate regulation of
oysters is performed by state (Florida Department
of Agriculture and Consumer Services, Division of
Aquaculture (DOACS)) and federal agencies (US Food
and Drug Administration (FDA)), respectively. These
agencies require the tracking of oysters through tags
that note the harvest date and area. Attempts were
made to collect the oyster tags but they were unavail-
able from the restaurant.

On 18 April, Nassau CHD reported two cases in their
late 4o0s and late 20s respectively, who developed a
gastrointestinal illness the day after having purchased
live shell stock oysters and consuming them steamed
on 10 April. Symptoms included nausea, vomiting,
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diarrhoea, and chills. One of the patients provided a
stool sample that tested positive for toxigenic V. chol-
erae 075.The other, who had presented with the same
symptoms, did not provide samples. This patient was
included in our case count as a probable case. The tag
for the oysters had been discarded but records at the
seafood dealer indicated that they had been harvested
from Apalachicola Bay area 1642.

The FWDP was notified of a Louisiana, US V. cholerae
non-01/non-0139 case on Monday 19 April. The case
became ill on 9 April after consuming raw oysters at
a restaurant in Okaloosa, Florida, on 7 April. Tags for
oysters likely eaten by the case were retrieved from the
restaurant on Tuesday 20 April. The oysters had been
harvested from the Apalachicola Bay area 1642 on 3
and 6 April. The toxin status for that case is still uncon-
firmed by CDC so this remains a suspected case.

On Wednesday 20 April, the FWDP investigators con-
tacted the Florida DOACS, the agency with oversight
over the Florida oyster industry, notifying them of the
V. cholerae non-01/non-0139 cluster investigation.

On 21 April, the FWDP coordinator and investigators
issued a state-wide alert to the Florida EpiCom sys-
tem, a state-wide epidemiology electronic alert sys-
tem, notifying public health officials of the toxigenic
V. cholerae oyster related case investigation. A simi-
lar notification was posted nationally on the CDC EpiX
notification system, the federal epidemiology alert
system, on 28 April.

Ten cases (eight confirmed, one probable, and one sus-
pect) were identified in this outbreak (Figure 1). Seven
were Florida residents, the three other cases were from
Indiana, Georgia and Louisiana (Figure 2). The cases
ranged from 22 to 74 years of age; six of the ten cases
were males. Most cases were in good health, with only
one reporting to have pre-existing conditions (kidney
problems and a coronary artery stent). Cases reported
gastrointestinal symptoms of nausea (n=7), vomiting
(n=4), diarrhoea (n=9), chills (n= 8), cramps (n=1) and/
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or fever (n=1) and none required hospitalisation. Dates
of exposure ranged from 21 March to 11 April and onset
of symptoms occurred between 23 March and 13 April.
The average time from exposure to onset of symptoms
was 2 days (range: 1 to 6 days). Information gathered
during the investigation, which was derived from three
sets of oyster tags, implicated one single harvest area
in the Apalachicola Bay, Gulf of Mexico, as the source
of the contaminated oysters. No additional cases of V.
cholerae have been reported since 13 April and no oys-
ters harvested later than 6 April have been implicated
in any related illnesses.

In response to the outbreak, DOACS conducted an
investigation into the implicated oyster harvesting
area, Apalachicola Bay area 1642 (Figure 2). The area
was closed on 30 April and all dealers and retailers
were asked to recall any implicated product still in
commerce. The area was reopened to harvesting on 11
May 2011 after DOACS had 15 oyster samples from 10
different sections of the implicated harvest area tested
for V. cholerae O7s at the FDA laboratory in Dauphin
Island, Louisiana. All samples were negative.

Background

Vibrio spp. bacteria are common in the warm coastal
waters of the state of Florida and are also found in
local shell fish. Vibrio vulnificus is an important cause
of gastrointestinal illness and wound infection in the
state, causing 24 cases of illness and six deaths in
2009 [1]. Human illness from native, nontoxigenic
non-01 and non-0139 serogroups of V. cholerae are
reported regularly [2] and all Vibrio diseases are notifi-
ablein Florida. However, despite the favourable ecolog-
ical conditions, and the fact that Florida receives many
travellers from cholera endemic countries, toxigenic V.
cholerae infections are uncommon. After the 2010 chol-
era outbreak in Haiti, ten cases of imported V. cholerae
01 serotype Ogawa were confirmed in state resi-
dents, with no secondary transmission detected (Ann
Schmitz, personal communication, 16 April 2011) [3].
The subsequent heightened awareness of cholera has
increased the number of human samples submitted to

FIGURE 1

Florida Department of Health’s BOL for V. cholerae test-
ing, with more than 4o isolates having been evaluated
since November 2010 [4]. At the same time, the turna-
round time for test results has also been improved by
adding capacity for the detection of cholera toxin. For
V. cholerae testing, isolates or stools from ill persons,
which were previously screened by hospital or private
laboratories and suspected V. cholerae positive, are
referred to the BOL as “suspect V. cholerae”. Stools
are tested by direct thiosulfate citrate bile sucrose agar
(TCBS) and enrichment (alkaline peptone water 35°C
incubation for 8 hours and 18 hours), then subculture
to TCBS. Suspect colonies are checked biochemically
for the matching V. cholerae pattern of reactions and
then serology is performed with O1 and 0139 antisera.
All V. cholerae isolates are also checked for cholera
toxin. When isolates do not agglutinate in O1 or 0139
antisera but do produce cholera toxin, isolates are
referred to CDC and serology for V. cholerae Q75 is per-
formed. This process takes from 10 to 14 days.

Discussion and conclusions

Toxigenic V. cholerae infections are highly unusual in
Florida. This report describes the first V. cholerae 075
outbreak detected in the state, between 23 March and
13 April 2011. In Florida, the first isolate of toxigenic V.
cholerae 075 to be identified was reported in November
2010, and originated from an immunocompromised
Florida resident with a history of oyster consumption.
Previously, the serogroup had been associated with
sporadic cases of gastrointestinal disease after oyster
and other seafood consumption in the south-eastern
US [5]. Tobin-D’Angelo et al. [5] describe eight cases
with a similar diarrhoeal disease to the ones reported
here, who were identified in Georgia, Louisiana,
Alabama and South Carolina between 2003 and 2007.
These sporadic cases differ from the cases in the out-
break in question here. Four of five cases described in
detail had underlying health conditions, whereas only
one of the cases in this outbreak had underlying condi-
tions. Two of the eight cases were hospitalised in the
analysis of the sporadic cases whereas cases associ-
ated with this outbreak experienced milder symptoms

Cases of cholera O75 outbreak from oyster consumption, United States, March-April 2011 (n=10)
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and did not require hospitalisation. Some of these
differences may be explained by the increases in test-
ing, which were also the result of recent concerns of
imported cholera from Haiti. Persons displaying gas-
trointestinal symptoms are more likely to have cholera
testing done than in the past. Historically, cases with
severe illness may have been more likely tested than
those with milder symptoms, resulting mainly in severe
cases being reported. These factors may have allowed
the current detection of this rare serotype of cholera in
a relatively healthy population.

Epidemic cholera is an important cause of morbid-
ity and mortality worldwide [6]. Outbreaks generally
occur when there are significant deficits in the water
sanitation and hygiene infrastructure in the communi-
ties, allowing for rapid spread of disease via food and/
or water consumption. Gastrointestinal symptoms are
generally mild, however about 20% of affected indi-
viduals develop acute, severe, dehydrating watery
diarrhoea which can be fatal if left untreated. The V.
cholerae 075 appears to cause a milder disease than
infection with V. cholerae serogroups 01 and 0139 and
outbreaks in countries with universal access to health
care are likely to have limited public health impact. The
outbreak reported here is a reminder of the conduc-
tive environmental conditions for V. cholerae growth
in Florida waters and the importance of maintain-
ing sanitary and food safety practices to avoid future
outbreaks.

This is the first recorded outbreak related to V. chol-
erae 075 and oyster consumption. The identification
of the outbreak could be the result of an increase in

FIGURE 2

Geographical distribution by state or county of residence
of cholera O75 cases from oyster consumption, and oyster
harvesting area, United States, March-April 2011 (n=10)
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testing for V. cholerae in human stool isolates, allowing
unprecedented detection of a phenomenon that may
have recurrently occurred in the past. Alternatively,
the outbreak could be due to some change in the envi-
ronment, acute or longer term, which has allowed this
pathogen to establish or emerge in the oyster popu-
lation. In the wake of this outbreak, there is concern
around the oyster harvesting environment and the reg-
ulatory agency, DOACS, is continuing to look into inci-
dents that could have influenced the presence or load
of this pathogen in the oyster harvest areas.

Florida is a state of international significance given
the large numbers of tourist that visit the state annu-
ally and this may raise concern internationally. Here
we report preliminary results of the investigation to
raise awareness among public health professionals
worldwide about this rare oyster related V. cholerae
outbreak. We will be monitoring for future cases of V.
cholerae 07s, and will continue our investigation into
other factors associated with this outbreak.
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A pneumococcal conjugate vaccine (PCV7) was intro-
duced into the United Kingdom’s childhood immu-
nisation schedule in September 2006. Evaluation of
its impact on the incidence of invasive pneumococ-
cal disease (IPD) as assessed by routine reports of
laboratory-confirmed cases should take into account
possible long-term trends due to factors like changes
in case ascertainment. To this end, we compared pre-
PCV7 trends in reported IPD incidence in England and
Wales identified by blood culture with those for two
other bacteraemias, Escherichia coli and non -pyogenic
streptococci, for which there has not been any public
health intervention. While no trend was detected in
the age group 65 years and older, there was an annual
increase of 3% and 11% in those aged under five years
and between five and 64 years, respectively, which
was similar for IPD and the other two pathogens. After
PCV7 introduction, a continuing trend was only found
for non-pyogenic streptococci in under five year-olds.
These trends in the incidence for bacteraemias for
which there has been no intervention could suggest
that there have been changes in case ascertainment
because of increased reporting or blood culturing.
Accounting for them will improve the evaluation of the
impact of PCV7 on IPD.

Introduction

Streptococcus pneumoniae, also called pneumococcus,
is a common cause of mortality and morbidity world-
wide. It causes a variety of disease presentations, the
most serious, invasive pneumococcal disease (IPD),
associated with spread via the blood stream resulting
in septicaemia, meningitis, bacteraemic pneumonia or
invasion of other normally sterile sites such as pleural
or synovial fluid. A seven-valent pneumococcal con-
jugate vaccine (PCV7) became available in the United
States in 2000 offering protection against both car-
riage [1,2] and disease [3] from the seven most com-
mon serotypes causing IPD in children in developed
countries. In September 2006 PCV7 was introduced
into the immunisation schedule in the United Kingdom

www.eurosurveillance.org

Article published on 19 May 2011

as a 2/4/13 month routine schedule (one dose at two
and four months plus a booster dose at 13 months of
age) with a catch-up for children up to two years of age.

Most pneumococcal surveillance systems focus on IPD
and have shown large reductions in the numbers of
cases infected with vaccine-type strains (VT cases) in
the targeted age groups, irrespective of vaccine sched-
ule [4,5]. However differences have been reported
between countries in the percentage reduction of VT
disease and the induced herd effect in older age groups
as well as in non-vaccine-type (NVT) replacement dis-
ease. Comparison of the incidences of VT and NVT IPD
cases before and after the introduction of PCV7 implic-
itly assumes that the reported disease incidence in the
absence of vaccination has not changed, that a similar
level of ascertainment has been maintained, and that
there were no secular trends in individual serotypes. A
recent World Health Organization (WHO) meeting that
reviewed the post-PCV7 experience in different coun-
tries identified changes in the sensitivity of the surveil-
lance systems due to alterations in clinical awareness,
reporting techniques and blood culturing practice as

FIGURE 1

Age distribution of invasive pneumococcal disease and
control infections, England and Wales, 2001/02 to 2005/06
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FIGURE 2

Pre-PCV7 trends in invasive pneumococcal disease and
control infections stratified by age groups, England and
Wales, 2000/01-2005/06
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potential important confounders when making such
comparisons over time and between countries [6].

Given the severity of IPD and the continuing universal
access to the National Health System (NHS) it is rea-
sonable to assume that care seeking behaviour of IPD
patients in England and Wales has remained constant
in recent years. However, this might not be the case for
laboratory investigation or reporting behaviour which
may have been subject to changes in practice over
time. Reporting rates for IPD in hospitalised cases have
been shown to vary with blood culturing rates which
may have changed as clinical practice has evolved
[7], while recent technical developments may have
improved reporting of laboratory-confirmed cases [8].

In order to interpret changes in the incidence of IPD
after the introduction of PCV7 into the routine child-
hood vaccination scheme in England and Wales we
assessed trends in reported IPD cases before introduc-
tion of PCV7 and related them to changes observed
before and after that date in a control group of patho-
gens that similarly depend on blood culturing practice
and reporting, but for which there have been no public
health or other interventions. Our findings are relevant
to the evaluation of the impact of PCV7 in England and
Wales.

Methods

Pathogens

Control pathogens selected for the comparison with
IPD were those of the most commonly reported bacter-
aemias that fulfilled the following inclusion criteria: (i)
endemic in England and Wales and not solely outbreak-
related, (ii) not influenced by vaccination or any other
interventions during the time period of the comparison,
(iii) sufficiently common to provide statistically robust
numbers in each age group, (iv) mainly diagnosed
through blood culture. The two pathogens identified
that fulfilled these criteria were Escherichia coli and
non-pyogenic streptococci (Streptococcus acidomin-
imus, S. bovis, S. gordonii, S. intermedius, S. mitis, S.
mutans, S. oralis, S. parasanguinis, S. salivarius, and
not further typable: alpha-haemolytic Streptococcus
sp., non-haemolytic Streptococcus sp., S. anginosus
group, S. milleri group, S. mitis group, S. sanguinis
group).

Data on all infections reported between July 2000 and
June 2010 (between 2000 and 2007 for pneumococcus)
and identified by blood culture were obtained from
the national routine laboratory surveillance system of
England and Wales (LabBase) [8]. Only one isolate per
disease episode was included in the analysis. More
than one isolate from the same person where the inter-
val between specimens was less than 14 days and the
same pathogen was isolated were assumed to repre-
sent the same illness episode. As part of the enhanced
surveillance [9] episodes of IPD were checked for dupli-
cates using personal identifiers.
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Statistical analysis

For each of the pathogens a negative binomial regres-
sion model was fitted to the observed number of cases
per 100,000 population. We regressed the number of
cases with a linear trend and a five-level factor to indi-
cate the period before and the four seasons after PCV7
introduction, 2006/07, 2007/08, 2008/09, 2009/10
and included a population offset. The (anti-logged)
slope of this model indicates the pre-PCV7 trend, i.e.
a slope »1 indicates a positive trend and a slope <1 a
negative trend in a negative binomial model. To test for
differences in slopes we tested their confidence inter-
vals for overlap which provides conservative estimates
[10]. Each of the post-PCV7 factors indicates the devia-
tion of the post-2005/06 data from the extrapolated
pre-2005/06 trend. No adjustment for multiple com-
parisons was made.

Data for all analyses were stratified into three age
groups (<5, 5—-64, 265 years) with missing age informa-
tion being imputed from the age distribution observed
for the pathogens, and were performed in R version
2.11 [11].

TABLE 1

Results

More than 150,000 disease episodes before PCVy
introduction were considered. They were differently
distributed amongst the age groups (Figure1). While
IPD and non-pyogenic streptococci showed similar
patterns, most of the E. coli episodes were reported
in the elderly population. In the population under five
years of age 27% of disease episodes were due to E.
coli, 49% to IPD and 25% to non-pyogenic streptococci.
In the 5-64 year-olds the respective distribution was
50%, 34% and 16%, and for those 65 years and older it
was 70%, 21% and 9%.

The regression model found a positive trend in IPD
incidence prior to the introduction of PCV7 in the age
groups under five years and between five and 64 years.
The trend was most pronounced in the 5—-64 year-olds
with an average yearly increase of about 11% (p<0.001).
In the under five year-olds reports of IPD increased
about 3% per year (p=0.031). In the over 65 year-olds
we estimated this trend to be not significantly different
from zero (p=0.91) (Table 1).

Estimated slopes in models of the pre-PCV7 trend in invasive pneumococcal disease and control infections, England and

Wales, 2000/01-2005/06

Invasive pneumococcal disease

Escherichia coli Non-pyogenic streptococci

Age group slope [95% CI] slope [95% Cl] slope [95% Cl]

<5 years 1.030 [1.002-1.058] 1.091 [1.052-1.132] 1.093[1.051-1.138]
5-64 years 1.106 [1.075-1.138] 1.095 [1.075-1.114] 1.097 [1.061-1.134]
265 years 0.999 [0.972-1.027] 1.074 [1.055-1.193] 1.087 [1.063-1.111]

Cl: confidence interval; PCV7: seven-valent pneumococcal vaccine.

TABLE 2

Percentage difference between the incidence of control infections and the incidence predicted by two different models,

England and Wales, 2000/01-2008/09

Escherichia coli
Model A2

Season

Age group

Model B

Non-pyogenic streptococci
Model A Model B

<5 years 2006/07 -15.5% [-27.2 to -2.0] -8.1% -16.7% [-27.2 to -2.0] -9.2%
2007/08 -13.8% [-26.8 t0 1.6] 5.1% -5.2% [-19.6 to 11.8] 15.9%
2008/09 -19.5% [-33 t0 -3.2] 8.7% -8.3% [-23.9 t0 10.4] 24.3%
2009/10 -25.5% [-39.4 to -8.4] 9.5% -17.3% [-32.9 to 2.0] 22.3%
5-64 years 2006/07 -7.4% [-14.1 10 -0.2] 4.4% -10.9% [-22.5t0 2.6] 0.7%
2007/08 -5.9% [-13.4 t0 2.4] 15.9% -15.8% [-28.0 to -1.5] 4.0%
2008/09 -12.3% [-20.1 to -3.6] 18.0% -23.1% [-35.6 to -8.3] 3.9%
2009/10 -16.1% [-24.4 to -6.8] 23.3% -31.9% [-44.1 t0 -17.1] -0.8%
265 years 2006/07 -8.6% [-15.4 to -1.3] 2.3% -11.1% [-18.7 to -2.8] 0.7%
2007/08 -8.3% [-15.9 to 0.0] 10.8% 7.5% [-16.2 to 2.1] 14.3%
2008/09 -12.2% [-20.3 t0 -3.3] 15.0% -18.0% [-26.7 to -8.3] 11.0%
2009/10 -11.9% [-20.9 to -1.9] 25.2% -25.0% [-33.8 to -15.0] 11.5%

PCV7: seven-valent pneumococcal vaccine.

Model A: extrapolation of the trend in the period before introduction of PCV7.
Model B: assuming the trend to discontinue from the season 2005/06 onwards.
2 For model A 95% confidence intervals are presented.
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For E. coli and non-pyogenic streptococci the trends
were significantly positive in all age groups (all
p<0.001). Pre-PCV7 trends in IPD were not significantly
different from those in E. coli and non-pyogenic strep-
tococci (Table 1) in the under 65 year-olds, although in
the children trends in IPD were slightly smaller than in
the other pathogens (Table 1, Figure 2). However, in the
age group 65 years and older no significantly positive
trend was found for IPD, while reports for E. coli and
non-pyogenic streptococci increased by 7-9% per year.

In the youngest age group (under five years of age)
the reported incidence of non-pyogenic streptococci
closely followed the prediction extrapolated from the
trend before the season 2006/07 (Figure 3). However,
the prediction for E. coli significantly overestimated
the actual incidence (Table 2) although the reported
incidences were still higher then before the date of
PCV7 introduction. In the 5-64 year-olds the pre-PCV7
trend of non-pyogenic streptococci diminished in the
seasons after introduction of PCV7 and the incidence
remained at the level of the incidence observed in the
season 2005/06. Again E. coli differed: the observed
incidences were in between the predictions that

FIGURE 3

assumed the pre-PCV7 to continue and those assum-
ing no trend after introduction of PCV7. In the oldest
age group the reports for both E. coli and non-pyogenic
streptococci were in between these two prediction
scenarios.

Discussion and conclusion

Upward trends in the annual numbers of some bacter-
aemias have been reported previously [12]. The similar-
ity of the trends for IPD and the two control pathogens
in the age groups under 65 years before 2005/06 sug-
gests that the sensitivity of the national surveillance
system in England and Wales was increasing prior to
introduction of PCV7. While the trends for the control
pathogens extrapolated from the period before PCV7
introduction were not entirely consistent with the
observed incidence in the period after 2005/06, they
may nevertheless provide an equally likely indication
of the expected numbers of bacteraemia reports in
the post-PCV7 period compared to those assuming the
trend to discontinue after 2005/06.

The data sources introduced some limitations to our
analysis. While we employed the data from the national

Pre-and post-PCV7 trends in control infections stratified by pathogen and age group, England and Wales, 2000/01-2008/09
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laboratory-based surveillance for E. coli and non-pyo-
genic streptococci the data on S. pneumoniae was
further enhanced and controlled for duplicates due
to inconsistencies specific to IPD in the national lab-
oratory-based surveillance dataset in the years 2002
and 2003 when duplicates had been included in error;
such duplicates were removed from the enhanced IPD
dataset (which contains an extra 10-20% of cases
identified solely from referral of isolates for serotyp-
ing). A further limitation which may have affected the
data was the migration in mid-2001 of the national
surveillance database to a new platform which could
have caused inconsistencies for all pathogens if data
deduplication was compromised. Non-pyogenic strep-
tococci are sometimes associated with contamination.
This could artificially increase the reported incidence
of bacteraemias caused by non-pyogenic streptococci.
However, this is unlikely to alter the trend estimates for
increasing ascertainment since these would be equally
reflected by the contaminated samples.

We assessed the goodness of fit of the regression mod-
els in the pre-PCV7 era (goodness of fit is not an issue
for the post PCV7 period since the model is saturated
there, i.e. the model is set up to exactly fit the data).
For all six models (three age groups for both E. coli and
non-pyogenic streptococci) the root mean square error
was between 1.29 and 1.34. Also, considering the loga-
rithm of time rather than time as a linear variable did
not improve the Akaike information criterion.

Secular trends in the reports of laboratory-con-
firmed IPD in the absence of vaccination have been
observed for some serotypes [13,14]. These trends
are poorly understood, cannot be predicted and are
likely to affect the estimates of the vaccine impact.
However, in the younger age groups our pre-PCV7y
trend estimates for IPD and the other pathogens were
similar, which suggest that these trends were more
pronounced in that period than any pathogen-specific
secular trends.

The similar trends prior to 2005/06 between pneu-
mococcus and the other pathogens in the age groups
under five years and between five and 64 years could
reveal a common source causing this trend; increasing
ascertainment of cases. This could be due to numerous
reasons including increasing blood culturing practice
and an increasing number of laboratories choosing to
report these non-notifiable diseases to the national
database. Additional factors might have contributed
to the observed trends, such as increasing automa-
tion of detection techniques or improved survival of
people with underlying conditions, which could have
increased the numbers of vulnerable people in the
population. However, in the population aged 65 years
and older, the trends in IPD were different from the
other pathogens. This could possibly be attributed to
the step-wise introduction of a vaccination programme
with the 23-valent pneumococcal polysaccharide vac-
cine (PPV) from August 2003 for this age group. A

www.eurosurveillance.org

detailed evaluation of the effectiveness of PPV in the
elderly and the likely impact of the universal vaccina-
tion programme for this age group is currently being
undertaken by the Health Protection Agency.

To assess the probable development of reported cases
of IPD in the absence of vaccination we compared two
predictions, continuing pre-PCV7 trend (Model A) and
no trend (Model B), to the actual reports for E. coli and
non-pyogenic streptococci. Although we have no clear
evidence that one of the predictions was more cor-
rect than the other, the reported number of cases was
in between both predictions in all age groups. While
Model A might provide the better prediction for the
under five year-olds, Model B seemed to provide more
reliable estimates in the age group between five and
64 years.

These findings do have important implications for
analysing the effect of the introduction of PCV7 to
the childhood immunisation scheme: We find that by
ignoring the pre-PCV7 trend, one is likely to underesti-
mate the reduction in IPD and overestimate the degree
of replacement disease. However, allowing for trends
introduces the risk to overestimate the reduction in VT
IPD and underestimate possible replacement especially
in the 5-64 year-olds. This analysis helps to estimate
the uncertainty introduced by changing ascertainment
when analysing the effects of PCV in England and
Wales. Similar analyses from other countries would be
valuable to improve the comparability of the vaccine
effects.
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WHO urges polio-endemic countries to completely halt

the transmission of the wild polio virus by 2012
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On 17 May 2011, at the ongoing World Health Assembly
(WHA) in Geneva, Switzerland (16-25 May), the
World Health Organization (WHO) Director-General
Dr Margaret Chan and Mr Bill Gates of the the Bill &
Melinda Gates Foundation, met with Ministers of
Health from countries with ongoing transmission of
poliomyelitis to discuss the steps needed to eradicate
polio by 2012.

Dr Chan urged the representatives from Afghanistan,
Angola, Chad, Democratic Republic of the Congo, India,
Nigeria, Pakistan and international development agen-
cies to make concerted efforts to eradicate the disease
by next year.

The meeting follows a report by the Independent
Monitoring Board (IMB) [1], a body established fol-
lowing a request by the WHA to monitor the progress
towards achieving a polio-free world. The IMB held
its inaugural meeting on 21-22 December 2010,
then met again on 31 March—1 April 2011. The report
affirmed the progress made under the new Global
Polio Eradication Initiative (GPEI) but at the same time
expressed concern that remaining operational gaps in
key infected countries and underfunding are hinder-
ing progress.

In 2008, the WHA requested the Director-General to
develop a new strategy to renew the fight to eradi-
cate poliomyelitis from the remaining affected coun-
tries. In order to lay the basis for the new strategy,
a special, one-year Programme of Work 2009 of the
GPElI (www.polioeradication.org) was undertaken.
The 2010 WHA acknowledged the progress made
and agreed with the framework for a new strategic
plan for 2010-2012 [2], which was then finalised and
launched in June 2010.

The IMB will meet quarterly to monitor the implementa-
tion and impact of the new strategic plan 2010-2012
[2] against the major milestones and process indicators
established for that purpose, and advise countries and
partner agencies on corrective actions as appropriate.
A WHO Progress Report on polio eradication has been
presented at the 2011 WHA [3].
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