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Several northern European countries have experienced 
outbreaks of Mycoplasma pneumoniae infection in 
2010 and 2011, as described in recent reports and in 
this issue. Such outbreaks appear with regular perio-
dicity and have occupied clinicians and epidemiolo-
gists for many years.

Some 50 years ago, Chanock et al. [1] described an 
artificial medium that enabled the identification of 
the aetiological agent of an atypical pneumonia first 
reported 20 years earlier, which was first described as 
pleuropneumonia-like organisms (PPLO) and renamed 
as Mycoplasma pneumoniae [2]. More recently, genome 
analysis has revealed the bacterium’s limited metabo-
lism and biosynthesis of carbohydrates, proteins, 
nucleic acid and lipids, showing that the agent is well 
adapted to its only host, humans. We are, however, still 
unable to mimic the natural environment of M.  pneu-
moniae: faster growth in culture media is needed for 
diagnostic purposes. It takes more than 10 days – in 
fact often up to three weeks – to grow M.  pneumo-
niae from respiratory specimens taken from patients 
with an interstitial pneumonia. The organism can be 
cultured from samples taken in the acute phase of the 
infection, but because of the length of time needed, 
culture techniques have not been established in most 
bacteriological laboratories.

Lind et al. were the first in Europe to identify M. pneu-
moniae infection by detecting increases in M. pneumo-
niae-specific antibody titre, based at that time on cold 
agglutinin and complement fixation tests [3].

One striking aspect of M. pneumoniae infection is the 
periodicity of epidemics. The Danish seroepidemio-
logical study of Lind et al., conducted over a 50-year 
period, showed between 1958 and 1973 an almost reg-
ular pattern of epidemics every four and a half years 
[3]. The authors suggested that herd immunity lasts 
about four years (range: 2–10) before people are again 
susceptible to infection with M. pneumoniae. 

A prospective study of 4,532 outpatients in Germany 
aged at least 18 years with community-acquired pneu-
monia showed that M.  pneumoniae was one of the 
major causative bacterial agents: 307 patients (6.8%) 
were M. pneumoniae-positive by real-time-PCR and/or 
positive for M. pneumoniae-specific IgM antibodies [4]. 
Some 72% of the patients with M.  pneumoniae infec-
tion had only a mild pneumonia: this, combined with 
the number of days of hospitalisation required, might 
suggest a less severe pneumonia outcome in M. pneu-
moniae infections.

In many countries, clinicians had to treat patients 
with community-acquired pneumonia due to M.  pneu-
moniae infection empirically during the whole acute 
phase because of the delay in the increase of anti-
body titres or because of the time needed for culture. 
Epidemiological studies were hampered for a long time 
because of these diagnostic difficulties. Consequently, 
M.  pneumoniae was more or less ignored or in many 
countries ‘a black box’ in epidemiology because of the 
lack of diagnostic results. The situation changed, how-
ever, with the introduction of several molecular tech-
niques, especially real-time PCR, into routine diagnosis 
[5].  Another advance has been the characterisation of 
different M.  pneumoniae genotypes circulating in the 
human population. Clinical strains can be differenti-
ated on basis of differences in the P1 adhesin gene 
or in the number of repetitive sequences at a given 
genomic locus using multilocus variable number tan-
dem repeat analysis (MLVA) [6,7]. Both typing meth-
ods are not currently used routinely in epidemiological 
studies. However, typing will allow us to get more 
information about outbreaks of defined strains in dif-
ferent countries of Europe or even worldwide as well as 
information about changes in strains within a popula-
tion. A long-term genotyping study from Japan [8] sug-
gests that epidemics arise due to a change in the two 
main P1 types or even of because of further variants of 
P1 sequences, which were found recently [9,10]. 

MLVA allows greater discrimination between M.  pneu-
moniae strains because of the very variable numbers 
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of repeats in the genome of different strains. It was 
used recently by Chalker et al. describing increased 
numbers of M.  pneumoniae infections in England and 
Wales in 2011 and 2012 [11,12]. Outbreaks were seen 
in the years 1995, 1997/1998, 2002/2003, 2006 and a 
prepeak in 2010 before the outbreak in 2011. The peak-
ing periods described showed all the characteristics 
of a M.  pneumoniae epidemic, i.e. a broad ‘shoulder’, 
sometimes in two consecutive epidemic years with 
slightly fewer cases in summer than in later autumn 
and winter. Such a pattern was shown in Denmark for 
2010 and 2011 [13].

Typing should answer the question, if such peaks could 
be attributed to different or to the same genotypes. 
Interestingly, Chalker et al. showed a small peak in 
2010 before the outbreak in 2011. These findings sug-
gest it will be necessary in the future to type more 
often strains from different countries and periods to 
answer the question of whether there is common epi-
demic spread of distinct genotypes in different coun-
tries of Europe. It is as yet unknown whether the recent 
epidemics in northern Europe [13-17] are caused by a 
common type strain.

Macrolide resistance has been described recently in 
Asia, with up to 90% of M.  pneumoniae strains being 
resistant [18]. In the reports from the countries in 
northern Europe, no macrolide resistance was found 
in the tested strains except for  Denmark, where 0.9% 
to 2.9% of strains were resistant This is in accordance 
with data from France and Germany, where about 3% of 
strains were found to be resistant [19,20]. Particularly 
as a vaccine against M.  pneumoniae is not yet avail-
able, macrolides – which are the only recommended 
therapy for children (whereas doxycycline and fluoro-
quinolones can be used for adults) – should be used 
carefully, as pointed out by Linde et al. in this issue [16]. 
It is not yet known whether the increased use of eryth-
romycin in Norway at the end of 2011 [14] will induce 
more resistance. We should nevertheless be aware of 
possible macrolide resistance of M.  pneumoniae dur-
ing therapy even though this was not been seen in 
the paper by Uldum et al. [13]. The first two reports of 
emergence of macrolide-resistant M. pneumoniae dur-
ing therapy were published last year by Cardinale et al. 
from Italy [21] and Averbuch et al. from Israel [22] in 
children with severe pneumonia. Such resistance may 
pose a major problem for clinicians, as certain antibi-
otics are not recommended for young children. In both 
cases, ciprofloxacin was given and the children were 
cured within a few days.

We now have the laboratory tools to detect M. pneumo-
niae within a day and also to identify possible macrolide 
resistance [20]. In order to aid clinicians, real-time PCR 
can be used, especially in the acute phase of infec-
tion, to diagnose M.  pneumoniae in nasopharyngeal 
swabs or a provoked sputum [4]: this could become the 
gold standard for diagnosis. For more sophisticated 
studies, epidemiologists in Europe should come to an 

agreement on standard sampling and a common typing 
method for M. pneumoniae strains.
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Community surveillance data, based on quantitative 
real-time polymerase chain reaction analysis, showed 
that one in seven children aged 5–14 years with res-
piratory signs tested positive for Mycoplasma pneu-
moniae in England and Wales from October 2011 to 
January 2012 – a higher proportion than that seen in 
previous years. Multilocus variable number tandem 
repeat analysis indicates that at least seven known 
and two novel strain types were circulating in England 
and Wales during this period.

Recent reports indicate that an increased number 
of Mycoplasma pneumoniae infections have been 
detected in seven European countries including 
Denmark, Norway and Finland [1-4]. To determine 
the number of patients infected with M.  pneumoniae 
in England and Wales and to see if the number had 
increased, compared with previous winters, community 
surveillance data and laboratory reports submitted to 
the Health Protection Agency (HPA) from 10th October 
(week 42) 2011 to 20th January (week 3) 2012 were 
reviewed. Our study shows an increase in the number 
of children with M. pneumoniae infection by PCR-based 
surveillance in the community during the study period.

Further analysis was carried out to determine which 
strains of M.  pneumoniae were present in this period 
in the community surveillance samples, in addition to 
analysis of genetic markers for macrolide resistance.

Background
M. pneumoniae is a respiratory pathogen that is a com-
mon cause of pneumonia and may cause other serious 
sequelae such as encephalitis. The pathogen is found 
in all age groups, with higher prevalence in children 
aged 5–14 years [2,5].

In England and Wales, epidemic periods lasting on 
average 18 months have occurred at approximately 
four-yearly intervals [6]. In addition, low-level sporadic 

infection occurs with seasonal peaks from December 
to February [5,6]. Since 2005, a community surveil-
lance scheme for M.  pneumoniae using quantitative 
real-time polymerase chain reaction (qPCR) analysis 
has been used to monitor M.  pneumoniae infection in 
England and Wales [7]. Until 2010, this scheme was 
used for monitoring patients of all ages and from 2010 
to date, for children aged under 16 years [7]. It is an 
extension of the virological community surveillance 
that is undertaken annually in England and Wales for a 
range of respiratory viruses including influenza virus, 
respiratory syncitial virus and human metapneumovi-
rus [8]. Combined nasal and throat swabs were taken 
during the winter months (from October to March, 2005 
to 2012, and throughout the recent influenza A(H1N1)
pdm09 pandemic) from patients with respiratory symp-
toms including influenza-like illness, upper respira-
tory tract infection, lower respiratory tract infection, 
or fever or myalgia who attended general practitioner 
clinics [5]. Additional voluntarily submitted reports 
from  regional laboratories and hospitals in England 
and Wales were collated by the Health Protection 
Agency (HPA) according to age and region to give an 
indication of the number of patients testing positive 
for M. pneumoniae by serological, molecular or culture 
tests each week.

Detection and analysis of M. pneumoniae 
in clinical samples
Laboratory reports
The number of M.  pneumoniae-positive laboratory 
reports submitted to the HPA during the study period 
(week 42 2011 to week 3 2012) varied from 11 to 36 per 
week, as shown in the four-weekly moving averages in 
[9]. From week 42 2011 to week 3 2012, a total of 353 
reports were received, higher than the number in the 
same period in 2010 (week 42 2010 to week 3 2011), 
when 290 were received. Reports were received from 
all areas of England and Wales during this period (Table 
1). The patients were of all ages, with the youngest 
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being less than one week old and the oldest 92 years 
of age (Table 2). This age profile of submitted M. pneu-
moniae-positive reports was very similar to that for all 
such reports received from week 1 1975 to week 3 2012. 

Community surveillance
We carried out qPCR analysis on 144 anonymised com-
bined nose and throat swabs taken as part of commu-
nity surveillance from patients aged under 15 years 
with respiratory symptoms during October 2011 to 
January 2012 (a total of 144 swabs were taken during 
that time). Nucleic acid was extracted and stored as 
previously described before qPCR testing for the pres-
ence of the M. pneumoniae P1 gene [5,10].

A total of 13 of the samples (9.0%; 95% CI: 5.2–15.0) 
were M.  pneumoniae positive. One in seven of the 
children aged 5–14 years (12/84) had detectable 

M.  pneumoniae, whereas only one of the 60 children 
aged under 5 years was positive (Fisher’s exact test 
p=0.008) (Figure 1).

The percentage of positive cases per week (from week 
42 to week 3 of the following year) for children aged 
under 15 years is shown for 2005 to 2012 in Table 3. 
This shows an increase from November 2011 to January 
2012 (week 46 2011 to week 1 2012). Samples were 
more likely to be positive during this period in 2011/12 
(13/91; 12.5%; 95% CI: 7.3–20.4) than in the previous 
four weeks (weeks 42–45 2011) and the following two 
weeks (weeks 2–3 2012) (0/40; 0%; 95% CI: 0.0–10.4; 
Fisher’s exact test p=0.02).

In November 2011 (week 46), December 2011 (weeks 
50 and 51) and January 2012 (week 1), the number of 
M.  pneumoniae infections significantly increased in 
comparison with all previous weeks of sampling since 
2005 (binomial probability test p=0.00001, 0.0007, 
0.05 and 0.01, respectively).

The mean age of the 144 patients was 6.5 years (stand-
ard deviation (SD)±4.4; range: 0–14) with the majority 
of M. pneumoniae-positive patients being over 5 years-
old (n=12 of 84). The mean age of the positive patients 
was 8.7 years (SD±2.6). Only one M. pneumoniae-pos-
itive patient was less than 5 years old (aged 4 years).

Table 1
Percentage of Mycoplasma pneumoniae-positive samples 
from laboratory reports by region, England and Wales, 10 
October (week 42) 2011–20 January (week 3) 2012 (n=353)

 Region

Percentage of samples positive for 
M. pneumoniae

% (95% CI) Number of 
positive samples

East Midlands 5.7 (3.7–8.7) 20
East 8.5 (6.0–11.9) 30
London 24.4 (20.2–19.1) 86
North East 6.0 (3.9–9.0) 21
North West 13.9 (10.6–17.9) 49
South East 4.0 (2.3–6.6) 14
South West 7.1 (4.8–10.3) 25
West Midlands 5.4 (3.4–8.3) 19
Wales 14.5 (11.1–18.5) 51
Yorkshire and Humberside 10.8 (7.9–14.5) 38

Table 2
Percentage of Mycoplasma pneumoniae-positive samples 
from laboratory reports by age, England and Wales, 10 
October (week 42) 2011–20 January (week 3) 2012 (n=353) 
and 1 January 1975 (week 1)–20 January (week 3) 2012 
(n=38,221)a

Age in 
years

Percentage of samples positive for M. pneumoniae
Week 42 2011–week 3 2012 Week 1 1975–week 3 2012

% (95% CI)
Number of 

positive 
samples

% (95% CI)
Number of 

positive 
samples

<5 11.3 (8.4–15.1) 40 10.1 (7.3–13.4) 3,863
5–14 24.1 (19.9–28.8) 85 24.9 (20.1–29.5) 9,535
15–44 37.1 (32.2–42.3) 131 42.7 (37.8–47.7) 16,326
45–64 18.1 (14.4–22.5) 64 12.6 (9.6–16.3) 4,806
 >65 9.4 (6.7–12.9) 33 5.1 (3.4–9.1) 1,957

a	 Information about age was not available for all reports.    

Figure 1
Percentage of clinical community surveillance samples 
from patients aged under 15 years positive for Mycoplasma 
pneumoniae determined by qPCR, England and Wales, 
October 2005–January 2012a (total of 33 positive in 1,354 
samples)
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qPCR: quantitative real-time polymerase chain reaction.
The number of positive samples and total number of samples 

per year were 7 of 98 in 2005/06, 2 of 120 in 2006/07, 1 of 134 
in 2007/08, 3 of 249 in 2008/09, 2009 not tested, 7 of 609 in 
2010/11, 13 of 144 in 2011/12, giving a total of 33 positive in 
1,354 samples for all years analysed. Error bars indicate the 95% 
CI for the percentages.

a	 Excludes October (week 42) 2009 to January (week 3) 2010 when 
sampling was not performed due to the influenza A(H1N1)pdm09 
pandemic.
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Of the 144 patients analysed, 62 were male and 79 
female (sex was not specified for three patients). Of 
the 13 M.  pneumoniae-positive patients, 5 were male 
and 8 female.

M. pneumoniae type and macrolide resistance
Samples that were positive by qPCR were examined 
for M.  pneumoniae type and macrolide resistance. 
Multiocus variable number tandem repeat analysis 
(MLVA) typing by fragment analysis, which has previ-
ously been used to type M. pneumoniae strains [7,11], 
was used to analyse nucleic acid extracts of clinical 
samples in our study; culture isolation of M. pneumo-
niae was not undertaken. MLVA typing was also per-
formed on nine additional M.  pneumoniae-positive 
respiratory samples that were submitted to the labo-
ratory during October 2011 to January 2012. Genetic 
diversity was calculated using Hunter and Gastons 
variation of Simpson’s diversity index [12].

The presence of mutations previously associated with 
macrolide resistance was examined by amplification 
and sequencing of a 720-base pair (bp) fragment of 
the 23S rRNA gene using the primers MpnMR2063F 
(5’-ATCTCTTGACTGTCTCGGC-3’) and MpnMR2617R 
(5’-TACAACTGGAGCATAAGAGGTG-3’) [13].

MLVA analysis of eight of the 13 qPCR-positive 
community surveillance samples and the nine 

M.  pneumoniae-positive respiratory samples that 
were submitted to the laboratory during October 2011 
to January 2012 showed a total of nine distinct strain 
types: seven of known MLVA type (type E (n=1), type 
M (n=4), type P (n=2), type S (n=1), type T (n=1), type 
U (n=2)and type Z (n=3)) and two putative novel types 
(profile 4,4,5,7,3 (n=2) and 5,3,5,7,3 (n=1)) (Figure 2). 
A full MLVA profile could not be obtained for the other 
five qPCR-positive community surveillance samples, 
probably because of the low levels of M.  pneumoniae 
nucleic acid in these samples.

The strain type most frequently found in the 17 sam-
ples was MLVA-M (n=4), which was also the most 
prevalent strain type in England and Wales in 2010 
and has been found in France (in 1997, 1999, 2000 
and 2006), Germany (in 1995 and 2000) and Japan (in 
2000 to 2003) [5,11]. Comparison of the Hunter–Gaston 
diversity index (DI) indicated that both populations in 
October to January 2010/11 and 2011/12 were similarly 
diverse (2010 DI: 0.93; 95% CI: 0.88–0.98, 2011 DI: 
0.91, 95% CI: 0.85–0.97).

A full-length sequence of the 720 bp fragment of the 
23S rRNA gene containing all four loci associated with 
macrolide resistance (2063, 2064, 2067 and 2618) 
was obtained from 12 of the 13 qPCR-positive commu-
nity surveillance samples. No mutations in these loci 
associated with macrolide resistance were identified in 

Table 3
Percentage of clinical community surveillance samples positive for Mycoplasma pneumoniae determined by qPCR per week 
for children aged under 15 years, England and Wales, October (week 42)–January (week 3) 2005–2012a (total of 33 positive 
in 1,354 samples)

Week Number
Percentage of samples positive for M. pneumoniae

2005/06 2006/07 2007/08 2008/09  2010/11 2011/12
% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

42 0.0 (0.0–45.9) 0.0 (0.0–97.5) 0.0 (0.0–33.6) 0.0 (0.0–60.2) 0.0 (0.0–28.5) 0.0 (0.0–97.5)
43 0.0 (0.0–84.2) 0.0 (0.0–97.5) 0.0 (0.0–70.8) 20.0 (0.4–71.6) 0.0 (0.0–52.2) 0.0 (0.0–45.9)
44 0.0 (0.0–45.9) 0.0 (0.0–45.9) 0.0 (0.0–84.2) 0.0 (0.0–36.9) 13.3 (1.5–40.5) 0.0 (0.0–36.9)
45 14.3 (0.3–57.9) 0.0 (0.0–60.2) 0.0 (0.0–60.2) 12.5 (0.3–52.7) 0.0 (0.0–30.9) 0.0 (0.0–36.9)
46 0.0 (0.0–60.2) 12.5 (0.3–52.7)  0.0 (0.0–28.5)  0.0 (0.0–23.2) 0.0 (0.0–23.1) 25.0 (5.7–52.4)
47 0.0 (0.0–41.0) 0.0 (0.0–52.2)  0.0 (0.0–41.0)  0.0 (0.0–17.6) 5.9 (0.7–19.7) 7.7 (0.2-36.0)
48 0.0 (0.0–60.2) 0.0 (0.0–21.8)  0.0 (0.0–19.5)  0.0 (0.0–16.1)  0.0 (0.0–9.7) 0.0 (0.0–52.2)
49 25.0 (2.5–65.1) 0.0 (0.0–24.7)  0.0 (0.0–28.5)  0.0 (0.0–16.8) 2.1 (0.1–11.1) 0.0 (0.0–30.8)
50 14.3 (2.6–36.3) 0.0 (0.0–30.8)  4.8 (0.1–23.8) 2.4 (0.1–12.6) 0.0 (0.0–4.4) 16.7 (4.0–37.4)
51 9.0 (0.2–41.3) 0.0 (0.0–20.6)  0.0 (0.0–17.6) 0.0 (0.0–10.0)  0.0 (0.0–2.4) 10.5 (1.2–33.1)
52 0.0 (0.0–70.8) 0.0 (0.0–33.6)  0.0 (0.0–97.5)  0.0 (0.0–11.2)  0.0 (0.0–6.3) 15.4 (0.0–60.2)
1 0.0 (0.0–70.8) 0.0 (0.0–36.9)  0.0 (0.0–18.5)  0.0 (0.0–16.1) 0.0 (0.0–8.4) 18.2 (2.3–45.4)
2 0.0 (0.0–41.0) 7.7 (0.2–36.0) 0.0 (0.3–70.8) 0.0 (0.0–26.5) 2.1.0 (0.3–7.4) 0.0 (0.0–33.6)
3 0.0 (0.0–70.8) 0.0 (0.0–28.5)  0.0 (0.0–36.9)  0.0 (0.0–33.6) 0.0 (0.0–36.9) 0.0 (0.0–36.9)

All weeks  4.5 (2.9–15.1)  1.7 (0.2–5.9)  0.7 (0.0–4.1)  1.2 (0.2–3.5) 1.2 (0.5–2.4) 9.0 (5.2–15.0)
Number of positive samples/total 
number of samples 7/98 2/120 1/134 3/249 7/609 13/144

qPCR: quantitative real-time polymerase chain reaction.
Shaded cells represent weeks when M. pneumoniae was detected.
a	 Excludes October (week 42) 2009 to January (week 3) 2010 when sampling was not performed due to the influenza A(H1N1)pdm09 

pandemic. 
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these samples. For the remaining qPCR-positive com-
munity surveillance sample, sequence information 
could not be obtained, presumably due to low levels of 
M. pneumoniae nucleic acid.

Discussion
The level of M.  pneumoniae infection in the qPCR-
based community surveillance of children aged under 
16 years from October 2011 to January 2012 was 9.0%, 
rising to 14.3% in the 5–14 year-olds. This is considera-
bly higher than that in the same months from previous 
years from 2005 to 2011 (1.7%) [5]. Detectable M. pneu-
moniae infection was found by qPCR in children aged 
from 4 to 14 years and was absent from those aged 
under 4 years in the 2011/12 study period. As qPCR 
was not performed on specimens from adults, the level 
of adults with detectable M.  pneumoniae DNA could 
not be ascertained. However, M.  pneumoniae-positive 
laboratory reports collated from regional laboratories 
were received on adult patients during this period and 
the age profile was consistent with that of all reports 
received from 1975 to 2012.

The last period showing a large peak of detectable 
M. pneumoniae infection by qPCR was winter 2005/06, 
in which the infection was detected in 6% of 5–14 
year-olds attending general practitioners with respira-
tory signs. In the study period reported here (winter 
2011/12), an even greater number of children of this age 

group were infected (14.3%), indicating at least one in 
seven children with respiratory signs attending general 
practitioners were infected with M. pneumoniae.

In a similar period in 2010/11 (week 42 2010 to week 3 
2011), 11 differing MLVA types were detected in 15 clini-
cal samples with MLVA-M being the most prevalent in 
England and Wales [7]. Within the study period reported 
here (week 42 2011 to week 3 2012), seven MLVA types 
were identified, four of which were MLVA-M. The sam-
ple number is too low to specify the exact diversity of 
the population or to investigate the association of par-
ticular types with clinical severity. Nonetheless, it is 
interesting that clonal strains were not detected. Two 
putative new profiles were obtained but confirmation 
of these apparently novel MLVA types will require isola-
tion of the strains.

The typing method used here was originally described 
by DéGrange et al., in which stability of five isolates 
was determined over 10 passages, indicating that the 
M.  pneumoniae MLVA type is relatively stable [11]. 
Clonal spread of M. pneumoniae does occur, however. 
In fact, Pereyre et al., recently described the detec-
tion of M.  pneumoniae MLVA-type 3,4,5,7,2 in seven 
children attending a primary school in France [14]. In 
our study, patients were from a variety of locations 
in England and Wales and, similar to our findings last 
year [5], the data do not support the hypothesis that 

Figure 2
Minimum spanning trees for Mycoplasma pneumoniae MLVA types detected in England and Wales, October–January 
2011/12 (n=17) and 2010/11 (n=16)
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a single strain type of M.  pneumoniae was responsi-
ble for this observed increase in infection in England 
and Wales. MLVA typing discriminates well between 
M.  pneumoniae-positive specimens. In fact, there is a 
high diversity of types in the population and it does 
not appear that a few clonal types dominate in circula-
tion. It would be of value to have a consistent typing 
methodology for M. pneumoniae strains in use interna-
tionally, with a database of types similar to those for 
other bacterial species. It would also be interesting to 
type strains from other countries during the same time 
period to determine how strains differ geographically 
during periods of increased infection.

Macrolide resistance is becoming an increasing prob-
lem in other countries [15]; despite the low sample 
number, no resistance was detected in any of the qPCR-
positive samples from England and Wales analysed 
during the study period.
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Swedish laboratories reported an increase of 
Mycoplasma pneumoniae during the autumn 2011. 
Data from the laboratory in Skövde, covering 12.9% 
of the Swedish population, indicate an approximate 
increase in the number of laboratory-confirmed cases 
in the whole country, from around 3,500 in 2009 to 
11,100 in 2011. Antibiotics are recommended only for 
pneumonia, not bronchitis, but compared with the 
autumn 2009, 42,652 more prescriptions of doxycy-
cline and macrolides were registered in the autumn 
2011.

Introduction
Mycoplasma pneumoniae infections are not report-
able in Sweden, but in the autumn 2010, the Swedish 
Institute for Communicable Disease Control (SMI) 
received informal information from several laboratories 
that the number of laboratory-confirmed diagnoses of 
M.  pneumoniae had increased, and in 2011 an even 
greater increase was noted. However, reports from 
different laboratories were not comparable because 
information on methodology and/or total number of 
examined samples per population were missing.

The laboratory in Skövde covers 12.9% of the Swedish 
population. It has collected data from 2002 to 2011 
on polymerase chain reaction (PCR) results and the 
total number of examined samples for bacteria caus-
ing protracted cough: M.  pneumoniae, Chlamydophila 
pneumoniae and Bordetella pertussis/parapertussis. In 
addition, it has collected data on M.  pneumoniae IgM 
serology since 2006. Sampling of these cough patho-
gens was performed only for clinical purposes and the 
number of collected samples thus reflect provisional 
diagnoses or suspicions of the clinical doctor. We use 
the data from Skövde as a proxy to analyse the epi-
demic in Sweden as a whole.

The risk of antibiotic resistance due to overuse of 
antimicrobial drugs and the negligible benefit of 

treating the mild symptoms caused by Mycoplasma 
[1] has prompted the Swedish strategic programme 
against antibiotic resistance (Strama) together with 
the Swedish Medical Product Agency [2], as well as 
other organisations in Europe [3], to issue strict rec-
ommendations for antibiotic treatment of Mycoplasma 
infections. The Strama recommendations have been 
described in three reports on Mycoplasma in the SMI 
weekly newsletter in 2010, 2011 and 2012 [4-6]. We 
therefore found it of interest to compare the increase 
in the use of penicillin V, generally recommended for 
treatment of pneumonia, with that of doxycycline and 
macrolides, recommended for atypical pneumonia, in 
relation to the ongoing epidemic. Further, we wanted to 
analyse the relation between the number of M.  pneu-
moniae-positive samples and the number of antibiotic 
prescriptions and compare this with data recently pub-
lished from Finland, Norway and Denmark [7-9] and for 
Europe [3].

Methods
The microbiology laboratory at Kärnsjukhuset in 
Skövde (Unilabs AB) serves 1,225,000 people in 
southern Sweden, which corresponds to 12.9% of the 
Swedish population.

Real-time PCRs were performed daily for M.  pneumo-
niae, targeting a 76 bp region of the adhesion gene 
[10], for C. pneumoniae, targeting a 78 bp region of the 
MOMP gene [11] and for B. pertussis and parapertussis, 
targeting a 154 bp fragment of the IS481 gene and a 
186 bp fragment of the IS1001 gene, respectively [12]. 
Sampling for pathogens in the lower respiratory tract 
was usually performed with ESwabs (Copan) from the 
retropharyngeal wall. An IgM assay (Ani Labsystems) 
was also used on request.

The SMI has been collecting national data on monthly 
antibiotic prescriptions every third month since 2007, 
using a nationwide data base (Concise, Apoteket 
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Service AB) covering all prescriptions from both outpa-
tient and inpatient care. Data were aggregated to pre-
scriptions per months.

Results
The number of samples examined by PCR for pathogens 
causing cough between 2002 and 2011 varied from 350 
to 3,000 per year, with the highest level in 2011. The 
variation over time in the number of diagnoses and 
the positivity rate for each of the three agents is clear 
(Figure 1). The number of M.  pneumoniae diagnoses 
increased from 2005 to 2007 and from 2010 to 2011, 
with peaks in 2006 and 2011 (Figure 2). In 2006 there 
were 341 PCR diagnoses of M.  pneumoniae, and 585 
in 2011, but the detection rate was 23% both years 
(Figures 1 and 2).

Of an additional 3,882 samples tested serologically, 
660 were positive for M. pneumoniae IgM in 2011, with 
a positivity rate of 17%. If we allow a rough approxima-
tion for national comparisons, based on PCR and IgM 
results from Skövde, this corresponds to 117 confirmed 
diagnoses per 100,000 population in 2011, a total of 
around 11,000 cases for the whole of Sweden.

The use of penicillin V and doxycycline/macrolides 
decreased slightly during the five-year period from 
2007 to 2011 (Figure 3). Comparing the non-epidemic 
period July to December 2009 with the epidemic 
peiod July to December 2011 the number of penicillin 
V prescriptions increased by approximately 9% (from 
501,501 to 548,387). During the same time period the 

number of doxycycline and macrolide prescriptions 
increased by 25% (from 218,694 to 272,515).

Discussion
To create standardised surveillance systems for vari-
ous infectious diseases and syndromes, like the 
sentintel system for influenza, is presently not feasi-
ble. Multiplex laboratory analyses of relevant agents 
for specified clinical conditions such as cough could 
be a substitute system for early warning and estima-
tion of the impact of epidemics, if appropriate data 
are systematically reported and analysed. The PCR 
diagnostics in Skövde reveal changes over time in the 
spread of all four microbes monitored, and so far the 
outbreaks of Mycoplasma have given rise to the larg-
est epidemics. Similar increases in laboratory-verified 
Mycoplasma during 2011 were reported from labora-
tories all over Sweden. While this rate estimation for 
the country of around 120 per 100,000 population is 
very approximate, it is similar to those reported from 
the other Nordic countries [7-9], indicating that the epi-
demics have been of similar magnitude across these 
countries. However, epidemic differences do occur, 
the outbreak in Denmark during 2010 for instance 
seemed more intense than in Sweden, and the previ-
ous epidemic peaked in 2005 in Finland and in 2006 
in Sweden.

Even with IgM results included, the estimated posi-
tivity rate for M.  pneumoniae was slightly lower in 
Sweden than that reported from Finland and Norway 
[7,8]. The lower rate could be due to less intensive 

Figure 1
Number of samples tested for Mycoplasma pneumoniae, Chlamydophila pneumoniae and Bordetella pertussis/parapertussis 
and the rate of positives per half year, Skövde, 2002–2011 

A: autumn; S: spring.
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epidemic spread, less sampling, variations in the meth-
ods used for diagnosis or a combination of these fac-
tors. The laboratory confirmation of Mycoplasma has 
until recently rested largely on serology, and still does 
in Finland [7]. The IgM assays, however, were lacking 
in sensitivity [13], and collection of paired samples for 

verification of the diagnosis is often not feasible. An 
excellent correlation between PCR for Mycoplasma and 
several commercial serology test systems has been 
shown [14], while only 30–40% of the patients had a 
positive IgM test at the first visit.

Figure 2
Number of samples positive for Mycoplasma pneumoniae, Chlamydophila pneumoniae and Bordetella pertussis/parapertussis 
per half year, Skövde, 2002–2011  

A: autumn; S: spring.
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Figure 3
Prescriptions of penicillin V and macrolides/doxycycline per 1,000 inhabitants in Sweden, and monthly number of 
laboratory-confirmed diagnoses of Mycoplasma pneumoniae by PCR in Skövde, 2007–2011
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The high rate of PCR positives (23%) may indicate a 
more selective sampling than in the other countries, 
but also that PCR is a more efficient test. However, 
although the total number of positive PCR samples was 
smaller in 2006, the rate of positive tests (23%) was 
as high during the peak in 2006 as in 2011, indicating 
that the intensity of the two epidemics may have been 
similar. This underlines the value of knowing the catch-
ment population and number of samples examined in 
epidemiological analyses.

Approximately 90% of all antibiotics in Sweden are 
prescribed for outpatients (data provided by Concise, 
Apoteket Service AB) and 60% of these for respiratory 
tract infections [15]. A main indication for choosing 
doxycycline and macrolides is atypical pneumonia. It 
is plausible that the selective increase in prescriptions 
of doxycycline and macrolides, but not of penicillin V, 
in 2011 compared to 2009 could to a large extent be 
explained by variations in the incidence of Mycoplasma 
rather than the recurrent increase in lower respiratory 
tract infections seen every autumn. The prescriptions 
of doxycycline and macrolides in Sweden increased by 
13% between October and November 2011, while the 
use of macrolides alone increased by approximately 
125% in Norway during the same period [8]. Although 
the increase in prescriptions in Sweden was lower than 
in Norway, we believe that many patients with mild 
symptoms have been treated unnecessarily. To allow 
for rapid and correct guidance on the use of antibiotics 
at an early stage of epidemics of M.  pneumoniae and 
possibly other causes of atypical pneumonia, struc-
tured laboratory reporting is desirable. A European 
consensus on indications for treatment should be 
sought, to limit the number of prescriptions for mild 
cases and thereby the antibiotic burden.
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In October 2011, two primary cases of hepatitis A virus 
(HAV) infection with identical HAV genotype IB strains 
to those seen in other outbreaks associated with semi-
dried tomatoes were reported in England. Both cases 
had consumed semi-dried tomatoes. Epidemiological 
investigations revealed two additional cases of gen-
otype IB strains with different sequences who also 
reported having consumed semi-dried tomatoes. In 
November, five cases of HAV infection with closely 
related strains were identified in the Netherlands. A 
foodborne multiple-strain outbreak is suspected. 

In October 2011, two cases of hepatitis A with a gen-
otype IB strain identical to that seen in a previous 
outbreak associated with consumption of semi-dried 
tomatoes, Hu/Netherlands/RIVM-006/2010 [1], were 
reported to the Health Protection Agency (HPA) in 
England [2]. The strain was identified based on 100% 
sequence identity over 505 base pairs of the VP1-2PA 
junction.

Neither of these patients had travelled to an endemic 
country within 50 days before the onset of symptoms 
[3] and both reported substantial consumption of semi-
dried tomatoes (also known as sun-dried tomatoes). In 
this preliminary report of the ongoing investigation we 
highlight the finding of this rare hepatitis strain which 
may be related to the possible consumption of semi-
dried tomatoes in at least two European countries, the 
United Kingdom (UK) and the Netherlands.

Background
To date, only one serotype of HAV has been identified 
worldwide [4]. However, sequence variability between 
HAV isolates from different parts of the world is sub-
stantial, which allows for HAV strains to be classified 
into different genotypes. Based on the sequencing of 
VP1-P2A protein regions, different HAV strains have 
been classified into six different genotypes designed 

I-VI, Genotypes I, II and III have been further divided 
into subgenotypes A and B.

The Hu/Netherlands/RIVM-006/2010 strain, closely 
related to the strain detected in Australia in 2009 
[5-7], was identified in 2010 in a hepatitis A outbreak 
in the Netherlands [1,8]. In 2010, three cases with that 
same strain were reported in England to the HPA, one 
in January, in a traveller returning from Amsterdam [2], 
and a further two in October [data not shown]. 

Epidemiological evidence has linked previous hepatitis 
A outbreaks to semi-dried tomato products [1,7,9], but 
the virus has only been isolated from samples of semi-
dried tomatoes during an Australian outbreak in 2009 
[7]. 

In 2011 the number of reported hepatitis A cases in 
England was below that reported for previous years. 
However, the finding of a rare HAV strain that had 
been associated with previous outbreaks in non travel-
related cases in the Netherlands and in the UK, 2010, 
triggered an epidemiological investigation. The addi-
tional report of substantial semi-dried tomatoes con-
sumption from two further cases with distinct strains 
(99.6% and 91.7% homology to the Hu/Netherlands/
RIVM-006/2010 strain respectively) in the second part 
of 2011 raises the possibility that a single food source 
may be contaminated with more than one strain.

Simultaneously, a cluster of initially five cases with 
similar strains and exposure to semi-dried tomatoes 
was reported in the Netherlands [10] raising the con-
cern that these events could be related to an interna-
tionally distributed food source.

Outbreak investigation
As a part of the ongoing investigation a case defini-
tion was developed. A case was described as any 
individual living in England with laboratory-confirmed 
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genotype IB hepatitis A infection, genotyped by the 
Virus Reference Department at the HPA Microbiology 
Services (MS) Colindale, London, with date of symp-
tom onset from 1 July to 31 December 2011. Travel to a 
country where hepatitis A is endemic and contact with 
a laboratory-confirmed hepatitis A case within 50 days 
before the onset of symptoms, were considered exclu-
sion criteria.

The cases were described in terms of time, place and 
person. Possible exposure to semi-dried tomato prod-
ucts was ascertained by staff of the local HPA Health 
Protection Unit (HPU), who used standard question-
naires in interviews with cases as part of their usual 
investigations of persons with hepatitis A. The HPUs 
provided the relevant exposure information to col-
leagues at the HPA national centre in Colindale, London.

Active case finding
All the HPUs in England were requested to report all 
cases of hepatitis A that had been identified between 1 
July and 31 December 2011 to the national centre (HPA 
Colindale, London) and to provide appropriate informa-
tion for each case. The United Kingdom (UK) national 
surveillance centres in Wales, Scotland and Northern 
Ireland were alerted.
 
Enhanced laboratory surveillance was instituted. 
Laboratories were requested to forward all hepati-
tis A serum samples taken during this period to the 
HPA Virus Reference Department in order to genotype 
and sequence samples that had not previously been 
analysed.

Laboratory surveillance data
In 2011, a total of 237 cases of laboratory confirmed 
hepatitis A were reported by laboratories from England, 
corresponding to an annual rate of 0.45 per 100,000 
population. This number is well below the laboratory-
confirmed rates observed during the five previous 
years (average 0.71 per 100,000) in England and almost 
eight times lower than the average rate in the European 
Union in 2009 [11].

Genotyping of hepatitis A viruses is not routinely per-
formed in the UK. Local laboratories are not required 
to send samples to the Reference Laboratory at HPA 
MS Colindale, London, and tend to do so only when an 
outbreak is suspected. For cases from July to December 
2011, 32 serum samples were received and genotyped 
by the Reference Laboratory at the HPA. Five of the 32 
cases were genotyped as IA, 14 as IB (including the 
cases from October) and 13 as IIIA.

The two HAV genotype IB cases that triggered this 
investigation were identified as the Hu/Netherlands/
RIVM-006/2010 strain based on 100% sequence iden-
tity over 505 base pairs of the VP1-2PA junction. A third 
case was identified based on a 99.6% sequence iden-
tity over the same region. The remaining HAV genotype 
IB strains included three primary non-travel related 
cases, one primary case with travel history to France, 
three cases with travel history to hepatitis A endemic 
countries and four secondary cases (Figure 1).

Epidemiological investigation
By the end of 2011, seven patients met the case defi-
nition. The onset of symptoms ranged from 6 July to 1 
November 2011 (Figure 2).
 

Figure 1
Phylogenetic tree of hepatitis A virus  sequences derived from genotype IB cases identified in England, July–December 2011 
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The cases resided in distinct areas of England, four in 
the East (around 5.5 million inhabitants), two in London 
(around 8 million inhabitants) and one in the Southwest 
(around 5 million inhabitants).

Four of the cases reported substantial consumption of 
semi-dried tomato products. In one additional case a 

history of food consumption could not be collected, 
as the patient was a non-UK resident who had left the 
country prior to the notification being received, and 
in the two other cases the consumption of semi-dried 
tomatoes could not be clearly ascertained as they had 
not eaten semi-dried tomatoes as such, but had eaten 
products which could contain semi-dried tomatoes as 
an ingredient). The infecting HAV strains were related 
but differed between 0.4% and 8.3% of the base pairs 
compared with to the Hu/Netherlands/RIVM-006/2010 
strain (Table).

Of the seven patients (two males and five females), 
four were admitted to hospital with symptomatic hepa-
titis A infection and were discharged some days later.

Potentially related outbreaks
From July to November 2011 the Hu/Netherlands/
RIVM-006/2010 strain was identified in four patients 
of a cluster of seven reported in the Netherlands by 
the Dutch National Institute for Public Health and the 
Environment (RIVM) [10]. The HPA and RIVM are collab-
orating to identify the source of these clusters in both 
countries. 

Discussion
Given the fact that the mutation rate of HAV is usually 
very low [12], the reported consumption of semi-dried 
tomatoes in patients with different strains suggests 
the possibility that semi-dried tomatoes could have 
been contaminated with multiple strains of the virus.

The UK sent a message via the Epidemic Intelligence 
Information System (EPIS) on 15 November 2011 and 
a joint message from the HPA and the RIVM was sent 
via the European Early Warning and Response System 
(EWRS) on the 21 November 2011, alerting countries to 
the cluster of cases.

In England an analytical case-control study will be 
initiated as soon as active case-finding is completed. 
Based on interviews with the first cases, the main 

Figure 2
Cases of hepatitis A meeting the case definition, by 
month of onset of symptoms, and respective homology 
percentage to the Hu/Netherlands/RIVM-006/2010 strain, 
England July– December 2011 (n=7)
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Figure 3
Geographical distribution of cases of hepatitis A meeting 
the case definition, England July–December 2011 (n=7)
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Table
Description of cases of hepatitis A meeting the case 
definition, England July–December 2011 (n=7)

Week of onset 
of symptoms Age Region Lab 

reference
Strain 

homologya

27 24 East of England 2011_510 95.7%
35b 10 South West 2011_526 99.1%
35c 22 East of England 2011_685 91.7%
40c 57 London 2011_775 100%
40c 51 East of England 2011_797 100%
40c 64 East of England 2011_778A 99.6%
44 18 London 2011_858 99.3%

a	 Homology related to Hu/Netherlands/RIVM-006/2010 strain 
b	 Travel to France reported within the incubation period
c	 Substantial exposure to semi-dried tomato products
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hypothesis to be formally tested is that semi-dried 
tomato products are associated with primary sporadic 
(non-travel related) cases of hepatitis A diagnosed in 
England between July and December 2011. Exposure to 
other foods such as shellfish, berries, salads and raw 
vegetables, will be considered and explored. To com-
pare consumption of specific food items in cases with 
consumption in a group of controls, four age- and resi-
dence area-matched controls will be assigned to each 
case: two patients with Campylobacter infection in the 
same month and two case-assigned controls. In order 
to reduce recall bias, food preferences and probable 
food consumption history will be collected.

The enhanced laboratory surveillance, in place since 
November 2011, should identify new cases more rap-
idly. Because no specific brands have been implicated 
to date, and given the fact that there are currently no 
validated HAV detection methods for environmental 
samples in the UK, no food samples have as yet been 
tested. The HPA is liaising with the UK Food Standards 
Agency.

A foodborne outbreak with multiple strains in at least 
two European countries is suspected and all those 
charged with investigation and control of hepatitis A 
may want to consider semi-dried tomatoes as a possi-
ble source in sporadic cases of hepatitis A in order to 
identify a possible common source.
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In November 2011, a cluster of initially five cases of 
hepatitis A infection with closely related strains was 
identified in the Netherlands. England reported pos-
sibly related cases. Strains with identical sequences 
had been involved in previous outbreaks linked to 
semi-dried tomatoes. Investigation of the Dutch clus-
ter suggested a link with ready-to-eat salads including 
those containing semi-dried tomatoes. Despite trace-
back, a source was not identified. Vigilance is needed, 
and rapid sharing of data may help source-tracing. 

In November 2011, a cluster of five cases of hepatitis 
A was identified through voluntary molecular surveil-
lance in the Netherlands. It involved two highly simi-
lar strains of hepatitis A virus (HAV) genotype IB that 
were closely related to strains found in travellers from 
a specific region in the Middle East. Both strains were 
identical to strains found in earlier outbreaks in the 
Netherlands during the first half of 2010 [1,2]. One of 
the sequences was closely related to one found dur-
ing an outbreak in Australia in 2009 [3] and the other 
sequence to one that caused an outbreak in France in 
2010 [4,5].These earlier outbreaks had all been epide-
miologically linked to the consumption of semi-dried 
tomatoes. The Dutch cluster coincided with an urgent 
request from England in the European reporting system 
EPIS, concerning the same molecular sequence [6].

The overall number of the reported hepatitis A cases 
was not higher than expected for that time of year. 
However, since the cases were not epidemiologically 
linked, and molecular sequencing found that the strains 
were rare and identical to previous outbreaks, an out-
break investigation was initiated. Close collaboration 
was established with the Dutch Food Safety Authority 

(NVWA) and the Health Protection Agency in England 
through telephone conferences to share updates and 
data [6]. With this article, we aim to alert other coun-
tries to be aware that this hepatitis strain and the con-
taminated product may be circulating, and to initiate 
source tracing if they detect the strain.

HAV surveillance in the Netherlands
HAV infections are notifiable in the Netherlands and 
reported to the National Institute for Public Health 
and the Environment (RIVM) according to standardised 
criteria [7]. Sera from confirmed hepatitis A cases, if 
available, are sent to the RIVM by the laboratories. 
Viral RNA is extracted from IgM positive sera, and the 
460 nt VP1/2A region is sequenced and compared to 
sequences recorded in the Dutch [8] and an inter-
national HAV sequence database of the Food-Borne 
Viruses in Europe (FBVE) network [9].

From July to October 2009 and July to October 2010, 
respectively, 66 and 111 hepatitis A cases were 
reported in the Dutch mandatory notification, of which 
14 and 53 acquired their infection in the Netherlands. 
Over the same period in 2011, there were 68 overall 
hepatitis A cases of which 24 acquired their infection 
in the Netherlands.

Outbreak investigation
Confirmed cases were defined as laboratory-confirmed 
HAV cases who had no travel history to endemic coun-
tries, no male-to-male sexual contacts and was there-
fore considered as exposed to an unknown source in 
the Netherlands, who had a date of symptom onset 
from July to November 2011 and who was infected with 
the specific genotype IB strain identical to strains that 
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caused previous outbreaks in Europe and Australia in 
2009–10 [1-5], i.e. Hu/Netherlands/RIVM-006/2010, 
closely related to Genbank accession number FJ687511, 
or Hu/Netherlands/RIVM-077/2010, closely related to 
strain FR-2010-LOUR, (GenBank Acc. No. GU646039). 
Cases related to primary cases and with onset of ill-
ness two weeks or more after the primary case were 
considered secondary cases. A probable case followed 
the same criteria but without laboratory confirmation.

Cases were contacted by the Dutch municipal health 
services and were requested to complete a question-
naire. The questionnaire included personal information 
like date of birth, sex, place of residence, vaccination 
status, symptoms, date of symptom onset and food 
history in the period  two to six weeks before symp-
tom onset. As recommended by the NVWA, questions 
on food consumption included a wide range of food 
products imported from the Middle East because of the 
similarity of the outbreak strain to strains in travellers 
from Middle East. The NVWA performed source tracing 
on the basis of questionnaire information, and tested 
the indicated food product for presence of hepatitis A 
RNA using methods described elsewhere [10].

The FBVE network [11] was alerted and asked to share 
sequences in the international database.

Description of the cases
By November, seven confirmed cases and one prob-
able case had been identified in the Netherlands: two 
women and six men aged between 20 and 75 years. The 
date of onset of symptoms was between 29 July and 
24 October 2011 (Figure). One of the seven confirmed 
cases was probably a secondary case (date of onset on 
24 October 2011) because she was epidemiologically 
linked to the probable case with date of onset on 20 
September 2011. Unfortunately, the serum sample of 
this probable case did not yield a PCR product, which 
may be explained by the fact that it was obtained on 
4 November, i.e. 45 days after onset of disease. In a 
study by Tjon et al. sera were HAV RNA-positive for a 
median period of 42 days after onset of illness [12].

The HAV strain Hu/Netherlands/RIVM-006/2010 was 
found in the first four confirmed cases and the Hu/
Netherlands/RIVM-077/2010 strain was found in the 
following three confirmed cases (Figure).

Six of seven confirmed cases completed the question-
naire, including the probable secondary confirmed case. 
All of them indicated the consumption of ready-to-eat 
(RTE) packaged salads obtained from two supermarket 
chains, however they did not, or not fully, specify the 
type of salad they had consumed. On the basis of ini-
tial reports from the Dutch municipal health services, 
75% of the mentioned RTE packaged salads contained 
semi-dried tomatoes or dried tomatoes (tomato gran-
ulates). Nevertheless, only three of six cases specifi-
cally indicated to have consumed dried or semi-dried 
tomatoes. In November 2011, the NVWA systematically 

sampled stocks of semi-dried and dried tomatoes to be 
used as ingredients in RTE salads and present in store 
houses of the suppliers of the two supermarket chains 
involved. A total of 114 food samples were tested, but 
in none of the samples HAV RNA could be detected. It 
remained unclear whether the tested batches were the 
same as those consumed by the patients. The NVWA 
worked in close collaboration with the Food Standards 
Agency (FSA) in England, but a common link in the sup-
ply chain to the Dutch and English supermarket chains 
could not be identified.

The international alert and the sharing of sequences in 
the international database resulted in a case reported 
from Australia who locally acquired an infection with an 
HAV strain identical to Hu/Netherlands/RIVM-006/2010 
in a 311 nt sequence in the VP1/2A genomic region. For 
this case source tracing is currently ongoing.

Conclusion and recommendations
Seven confirmed hepatitis A cases and one probable 
case were identified in the Netherlands with HAV geno-
type IB strains identical or closely related to the ones 
found recently in England and Australia and in previous 
food-borne outbreaks in the Netherlands, Australia 
and France. All cases that completed the questionnaire 
indicated consumption of RTE salads, including those 
containing semi-dried tomatoes, during their incuba-
tion period. However, only three cases specifically indi-
cated to have consumed semi-dried tomatoes. Because 
of the low number of cases, the long and variable incu-
bation period, the long time between dates of onset of 
the first and of the last cases, and the complexity of 
the traceback, no common source could be identified. 
These were also the reasons for not including controls 
in our study. This might be considered a limitation, 

Figure
Confirmed and probable cases of hepatitis A, indicated 
by two closely related molecular sequences (10-006a and 
10-077b), notified in the Netherlands from March to 
December 2011 (n=8) 

a	 10-006: Hu/Netherlands/RIVM-006/2010; strain detected in 
Netherlands 2010, closely related to strain detected in Australia 
2009.

b	 10-077: Hu/Netherlands/RIVM-077/2010; strain detected in 
Netherlands 2010, closely related to strain detected in France 
2009/10.
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since we were not able to find an association to a sin-
gle food product.

Until the time of publication of this report, no new 
cases have been reported. Nevertheless, we cannot 
exclude contaminated food items like RTE salads or 
semi-dried tomatoes being in circulation. Given the 
difficulty of identifying and tracing an international 
common food-borne source, combining information 
on all infected cases is of utmost importance. We are 
therefore interested in all cases infected with the HAV 
IB strains described here. The HAV database of the 
FBVE network can be used to compare sequences. 
Information on linked cases and requests for access to 
the database or assistance in source tracing activities 
can be addressed by email to fbve@rivm.nl.
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An outbreak of salmonellosis in the summer of 2010 
after a wedding party in Bavaria, Germany, was inves-
tigated, to identify vehicles and source of the outbreak 
and any flaws in food safety procedures. A cohort 
study targeting all wedding participants was carried 
out in addition to laboratory and environmental inves-
tigations. The overall attack rate was 59% (52/88). 
A group of buffet dishes containing mayonnaise was 
associated with the highest relative risk: 6.6 (95% CI: 
1.7–25.0). Subtyping of a subset of Salmonella isolates 
cultured from stool samples from wedding participants 
and catering staff and from food samples showed the 
isolates to be indistinguishable (S. Enteritidis, lyso-
type 4/6, ribotype 3). European laws require food 
business operators to establish and implement food 
safety procedures. Investigation of the practices of the 
catering company revealed a lack of staff training and 
the absence of records of a food safety concept. Non-
edible flower decorations in cold dishes were identi-
fied as a potential source of secondary contamination 
because their cultivation and processing are not sub-
ject to the food safety regulations minimising the risk 
of contamination of crops intended for human con-
sumption. The outbreak demonstrated the importance 
of staff training and food safety concepts to identify 
and mitigate hazards to food safety.

Introduction
Salmonellosis is an important cause of food-borne 
gastroenteritis in Europe [1]. Prophylactic measures 
are aimed at all stages of food production from farm 
to fork and are set down in European laws governing 
food safety. Compliance of food business operators to 
the minimum hygiene regulations is checked through 
official controls. Additionally, food business opera-
tors are required to establish and operate food safety 

procedures based on the hazard analysis and critical 
control points (HACCP) principles [2]. These principles 
form a flexible but structured approach to identifying 
hazards (e.g. risk of contamination) as well as control 
points (e.g. heating or cooling steps in the production or 
preparation of foods) that can mitigate theses hazards. 
The procedures developed have to be documented by 
the food business operator and regular checks of the 
control measures have to be recorded (e.g. temperature 
checks to record the maintenance of the cold chain). 
While they do not replace official controls, the HACCP 
principles are central to the European concept of food 
safety by helping food business operators to attain a 
high standard of food safety. Investigations of food-
borne outbreaks serve to identify the source of the out-
breaks and may help to identify flaws or weak points 
in the planning and implementation of food hygiene 
measures. The results may also be used to augment 
general guidelines for good practice in hygiene and 
food safety.

Surveillance of salmonellosis in Germany is based on 
mandatory notification of laboratory-confirmed infec-
tions by the laboratory to the local health office [3]. 
Additionally, the local health office may be alerted to 
a cluster of clinical cases with a suspected common 
source by a clinician or an affected member of the 
public. The local health office further investigates the 
reported cases, carries out active case finding as part 
of the outbreak investigation and implements control 
measures. Case reports are forwarded to the federal 
and national level using an electronic database for 
notifiable infectious diseases. Isolated Salmonella 
strains can be sent to the German National Reference 
Centre for Salmonella and other Enteric pathogens at 
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the Robert Koch Institute for subtyping by classical and 
molecular methods.

In the summer of 2010, a local health office in northern 
Bavaria, Germany, was informed that approximately 
half of the 110 guests of a wedding that had taken 
place the preceding weekend had contracted gastro-
enteritis. At the wedding party, soup and a late-lunch 
buffet (served from 3 p.m.) and a cold dinner buffet 
(served from 10 p.m.) had been provided by an out-of-
town caterer. In addition, a wedding cake made by a 
local bakery and a number of cakes and desserts con-
tributed by different wedding guests were served by 
the catering staff at 20.00. The food served at the wed-
ding was suspected to be the source of the outbreak. 
Initial laboratory results of stool samples of some 
guests who became ill indicated Salmonella enterica 
subsp. enterica serovar Enteritidis (S. Enteritidis) as the 
causative pathogen. The local health office, supported 
by the Bavarian Health and Food Safety Authority, initi-
ated a comprehensive outbreak investigation including 
a cohort study, pathogen subtyping and an environ-
mental investigation was conducted to identify the 
vehicle and source of the outbreak.

Methods
Cohort study
The study population for the cohort study was defined 
as all people who attended the wedding party and 
ate any of the served food. Completion of a written 
questionnaire was a prerequisite for individuals to be 
included in the cohort study. Catering personnel were 
excluded from the cohort study due to a perceived con-
flict of interest (the company was facing litigation).

Written questionnaire
A structured, written questionnaire and a stamped 
addressed envelope for its return were posted to all 
people who attended the wedding party and for whom a 
complete postal address could be obtained, two weeks 
after the wedding. The questionnaire included stand-
ardised questions relating to demography and the 
development of symptoms of salmonellosis, including 
date and time of onset, as used in previous outbreak 
investigations conducted by the Bavarian Health and 
Food Safety Authority. Questions on food consumption 
were adapted to refer to the specific food items served 
at the wedding party.

Case definition
A clinical case of salmonellosis was a person who 
had eaten at the wedding party and who developed at 
least one symptom of salmonellosis (nausea, vomit-
ing, stomach cramps, diarrhoea (three or more loose 
stools in 24 hours), pyrexia (body temperature above 
38.5 °C)) between six hours after the start of the buffet 
(which began at 3 p.m.) and 72 hours after the end of 
the buffet (the end was considered to be at 00.30 a.m., 
when the caterers left). Laboratory confirmation of a 
salmonella infection was obtained by the isolation of 
Salmonella species from a stool sample taken as part 

of the outbreak investigation, irrespective of the pres-
ence or absence of symptoms of salmonellosis. People 
with clinical and/or laboratory-confirmed salmonella 
infections were considered as salmonellosis cases in 
the cohort study.

Statistical analysis
For the descriptive analysis of cases and non-cases in 
the cohort study, continuous variables were summa-
rised using median and range. Categorical variables 
were presented using absolute numbers and percent-
ages. Where appropriate, a binomial 95% confidence 
interval (CI) was calculated for the percentages. The 
univariable association between case status and expo-
sure to individual dishes was tested using the chi-
square test or Fisher’s exact test where appropriate. 
The effect of each exposure variable was quantified 
by estimation of the relative risk and the respective 
95% CI. When the numbers were small, exact Poisson 
regression was used for estimation. Multivariable anal-
ysis was performed using a generalised linear model 
with log link and binomial error distribution. Exposures 
with a p value of <0.1 were included in the multivari-
able model. The multivariable model was constructed 
by first including all variables with a p value of <0.1 and 
then dropping variables manually in a backwards elim-
ination procedure based on the Wald test. Statistical 
significance was assumed when p<0.05 and the 95% CI 
of the relative risk did not include 1. When interpreta-
tion of the p value and the 95% CI were contradictory, 
the more conservative interpretation (not statistically 
significant) was reported. Data analysis was carried 
out in STATA 10.1.

Grouping for analysis purposes
Dishes served at the wedding party were grouped by 
the four different courses served: soup, lunch buffet, 
cakes and dinner buffet. Further groupings of the food 
items were created for analysis according to common 
ingredients (e.g. one group for all meat dishes that were 
served in a cream sauce, another group for all dishes 
containing mayonnaise) or according to the type of food 
or preparation and the perceived risk of contamination 
(e.g. all tinned food items were put into one group, 
as their probability of contamination with Salmonella 
was similarly low). A Cochran-Armitage test for trend 
was performed for the association between the risk of 
infection and the number of dishes containing mayon-
naise consumed, to assess the dose-response.

Environmental investigation
Although the catering staff were excluded from the 
cohort study, all eight staff members (one of whom 
was not present at the wedding party but was involved 
in preparation of the dishes) were contacted by tel-
ephone by the local health office on the day the office 
was notified about the outbreak (four days after the 
wedding event), to ensure that individuals with symp-
toms of salmonellosis did not continue to handle food 
and to determine whether any of the catering staff 
had displayed symptoms of gastroenteritis before the 
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wedding event. The catering company’s records for 
staff hygiene training as well as their records for food 
temperature controls (as an indicator variable for the 
implementation of HACCP procedures) were checked. 
The kitchen facilities of the venue of the wedding party 
were inspected and swabs of the work surfaces were 
sent for laboratory testing. The premises of the cater-
ing company and their facilities were inspected by the 
responsible local veterinary office and swabs of the 
work surfaces were submitted for laboratory testing.

All wedding guests were contacted by the local health 
office by telephone four days after the wedding to iden-
tify clinical cases of salmonellosis and to exclude such 
person with salmonellosis working in the food indus-
try from handling food until they were proven to be no 
longer infected. Food leftovers taken home by wedding 
guests were submitted for laboratory diagnosis, as no 
food items were left at the party venue or at the cater-
er’s facilities.

Laboratory diagnosis
Stool samples
Stool samples from all catering personnel (n=8) were 
submitted to the local health office and tested for 
Salmonella and Shigella (by culture) and for norovi-
rus (by polymerase chain reaction (PCR)) in a medical 
laboratory. Positive samples were forwarded to the 
National Reference Centre for Salmonella and other 
Enteric pathogens at the Robert Koch Institute.

Stool samples from wedding guests were submitted to 
medical laboratories as part of the clinical diagnosis 
by their general practitioners (GPs). The samples were 
tested for Salmonella and Shigella (by culture) and for 
other pathogens (Campylobacter and Yersinia enteroco-
litica (by culture) and norovirus (by PCR)), depending 
on the request submitted by the GP. For a number of 
samples, Salmonella isolates were serotyped (depend-
ing on the laboratory). At the request of the local 
health office, Salmonella-positive samples or isolates 
were forwarded to the National Reference Centre if the 
material was still available.

Food samples and swabs
Food samples and swabs of the kitchen facilities at the 
wedding party venue, as well as swabs of the caterer’s 
kitchen facilities were tested for Salmonella (by culture) 
and norovirus (by PCR). Salmonella isolates were sero-
typed and forwarded to the National Reference Centre.

Subtyping of isolates
At the National Reference Centre, a subsample of the 
Salmonella isolates from stool samples and food sam-
ples were phage typed and ribotyped. The routine 
phage typing of S. Enteritidis was performed accord-
ing to the typing system of Ward et al. [4] as well as 
that of Lalko and László [5], e.g. phage type (PT) 4/6, 
i.e. phage type 4 according to Ward et al. and 6 accord-
ing to Lalko and Laszlo. The ribotyping was performed 
according to Liebana et al. [6] and Rabsch et al. [7].

Results
Response to questionnaire
Questionnaires were sent to all wedding guests (includ-
ing the bride and groom) for whom a complete postal 
address was obtained (n=100). Of these, 91 returned 
their completed questionnaires.

Among the 19 people for whom questionnaire data were 
not available (10 people for whom no valid address was 
available, nine people who did not return the question-
naire), five stated during their telephone interview with 
the local health office that they had had symptoms 
of gastroenteritis. Exact date and time of symptom 
onset for these people were not known. For one of the 
five, laboratory diagnosis confirmed infection with S.   
Enteritidis.

Descriptive statistics
Among the 91 respondents, 52 matched the case defini-
tion: 22 had laboratory-confirmed infection and symp-
toms of salmonellosis, one had a laboratory-confirmed 
infection without symptoms and 29 had symptoms and 
no laboratory confirmation.

A further three of the respondents had symptoms of 
salmonellosis with laboratory confirmation, but as the 
time of onset was outside the period defined in the 
case definition they were excluded from the analysis. 
All further analysis therefore relates to 88 respond-
ents, of whom 52 were classified as cases and 36 as 
non-cases (attack rate: 59% (95% CI: 48–70)).

Of the 52 cases, 35 were female and 17 were male. The 
attack rate was lower among the male (17/37; 46% 
(95% CI: 30–63)) than the female wedding guests 
(35/51; 69% (95% CI: 54–81)) (chi-square test p = 
0.04). Information on age was unavailable for two of 
the 88 respondents: the median age of the remaining 
86 respondents was 39 years (range: 2–70). Table 1 
shows the distribution of cases and attack rate by age 
group.

The majority of cases had diarrhoea (49/52), stom-
ach cramps (43/52), headache (36/52), joint and 
muscle ache (32/52) and nausea (29/52). Fever and 

Table 1
Cases of salmonellosis after a wedding party and attack 
rate by age group, Bavaria, Germany, summer 2010 (n=50)

Age group 
(years)

Number of 
respondents

(n = 86)a

Number of cases 
(n = 50)a

Attack rate
% (95% CI)

0–4 4 1 25 (1–81) 
5–17 1 1 100 (3–100)
18–40 40 25 63 (46–77)
41–60 32 17 53 (35–71)
61–80 9 6 67 (30–93)

a	 Age was unknown for two cases among the 88 wedding guests 
who responded to the questionnaire. 
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vomiting was experienced by 28 and 21 of the 52 cases, 
respectively.

A total of 10 cases with a median age of 36 years (range: 
23–71) were hospitalised between 2 and 10 days (total 
number of hospital days: 55) due to gastroenteritis. 
The distribution of cases by day and time of symptom 
onset is shown in the Figure.

When day of onset was known, but time of onset was 
unknown (n=3), the cases were systematically attrib-
uted to the time period of 00.01–06.00 for the appro-
priate date.)

Analytical statistics
In univariable analysis, the exposure to 18 out of 63 
individual dishes was associated with a significantly 
increased relative risk of salmonellosis (Table 2). Only 
the following three items were associated with a rela-
tive risk >2: ‘wedding rings’ (pasta, rice, carrots and 
mayonnaise), prawn salad (prawns, tomatoes and 
mayonnaise) and Greek noodles (rice noodles and 
tomatoes).

When the dishes were grouped according to the four 
different courses served at the wedding party (soup, 
lunch buffet, cake, dinner buffet), only exposure to the 
lunch buffet was significantly associated with infec-
tion (Fisher’s exact test p<0.01). As there were no cases 

Figure 
Cases of salmonellosis after a wedding party by day and 
time of symptom onset, Bavaria, Germany, summer 2010 
(n=51)a 

Day 0 = day of the wedding party.
a One case with laboratory-confirmed infection but without 

symptoms was excluded.
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Table 2
Univariable analysis of dishes served at a wedding party, consumption of which was significantly associated with onset of 
salmonellosisa, Bavaria, Germany, summer 2010

Dish
Exposed Not exposed

Relative risk
(95% CI)

Chi-square 
test p valueNumber 

exposed
Number 
of cases

Attack rate 
as percentage

Number not 
exposed

Number 
of cases

Attack rate 
as percentage

Lunch buffet
‘Wedding rings’ (pasta, rice, 
carrots, mayonnaise) 15 15 100 66 32 49 2.06 (1.61–2.64) < 0.001

Glass noodle salad 18 17 94 58 28 48 1.96 (1.47–2.61) < 0.001
Prawn salad 15 14 93 55 23 42 2.23 (1.59–3.14) < 0.001
Layered salad with herring 27 23 85 55 25 46 1.87 (1.35–2.61) 0.001
Greek noodles (rice noodles 
and tomatoes) 22 19 86 54 23 43 2.03 (1.43–2.88) 0.001

Stuffed mushrooms 29 24 83 48 20 42 1.99 (1.37–2.89) 0.001
Fried aubergines 10 10 100 67 35 52 1.91 (1.52–2.41) 0.004
Cheese salad with mayonnaise 
and garlic 8 8 100 66 32 49 2.06 (1.61–2.64) 0.006

Stuffed tomatoes 19 16 84 58 29 50 1.68 (1.22–2.33) 0.014
Caesar salad 8 7 88 57 25 44 2.00 (1.35–2.96) 0.027
Peppers 14 12 86 66 34 52 1.66 (1.21–2.28) 0.034
Olives 20 16 80 59 30 51 1.57 (1.13–2.20) 0.035
Broccoli-cauliflower cheese 38 27 71 42 20 48 1.49 (1.02–2.17) 0.042
Garlic mushrooms 23 17 74 52 24 46 1.60 (1.09–2.34) 0.043
Grilled turkey fillet with cream 
sauce 28 20 71 42 19 45 1.58 (1.05–2.37) 0.049

Dinner buffet
Tomatoes and mozzarella 29 22 76 51 24 47 1.61 (1.13–2.30) 0.018
Shrimps with cream 13 11 85 61 29 48 1.78 (1.25–2.53) 0.029
Cold trout with slices of lemon 22 17 77 60 31 52 1.50 (1.07–2.09) 0.045

a	 p<0.05; 95% CI did not include 1.
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among the people who did not partake of the lunch 
buffet, a relative risk of 4.49 (95% CI: 0.82–∞) for 
exposure to dishes of the lunch buffet was estimated 
by exact Poisson regression.

When all dishes were grouped according to com-
mon ingredients and type of preparation, two groups 
of dishes served as part of the lunch buffet and four 
groups of dishes served at the dinner buffet were asso-
ciated with a significantly increased relative risk of 
infection (Table 3). Notably the group of dishes served 
at lunch that contained mayonnaise was associated 
with the highest relative risk of 7.83 (95% CI: 2.08–
29.51). Exposure to at least one dish of the group of 
dishes containing mayonnaise could account for 44 out 
of the 46 cases who could be unambiguously classi-
fied as exposed or non-exposed (for six cases and two 
non-cases, unambiguous classification was not possi-
ble as they were uncertain about their consumption of 
one dish in this group). Consumption of an increasing 
number of dishes containing mayonnaise was associ-
ated with an increasing risk of infection (Table 4); this 
trend was statistically significant (Cochran-Armitage 
test for trend p<0.001).

The difference in relative risk of infection between 
male and female participants was no longer significant 

after adjustment for the consumption of lunch dishes 
containing mayonnaise (data not shown).

In the multivariable analysis, the following three 
groups of dishes remained significantly associated 
with infection and were retained in the final model: the 
group of dishes that contained mayonnaise served at 
lunch, those containing mayonnaise served at dinner 
and the sauces served at lunch (Table 5).

Environmental investigation
Seven people from the catering company were present 
at the wedding party: one additional person was 
involved only in the food preparation at the caterer’s 
facilities. Of the seven at the wedding party, one devel-
oped symptoms of salmonellosis on the return journey 
after the event and a further five became ill the follow-
ing day. Only the driver did not have any symptoms of 
salmonellosis. All seven stated that they had eaten var-
ious dishes from the buffet as well as different cakes 
provided by wedding guests.

According to the caterer, only the meat dishes were 
prepared at the caterer’s facilities in advance. All 
sauces, antipasti and salads were made from commer-
cially produced ingredients and were prepared at the 
wedding party venue. Food items that required cooling 

Table 3
Univariable analysis of groups of dishes served at a wedding party, consumption of which was significantly associated with 
onset of salmonellosisa, Bavaria, Germany, summer 2010

Group of dishes
Exposed Not exposed

Relative risk
(95% CI)

Chi-square 
test p valueNumber 

exposed
Number 
of cases

Attack rate 
as percentage

Number not 
exposed

Number 
of cases

Attack rate 
as percentage

Lunch: dishes containing 
mayonnaise 59 44 75 21 2 10 7.83 (2.08–29.51) <0.001

Lunch: sauces 15 12 80 58 28 48 1.66 (1.15–2.39) 0.041
Dinner: dishes containing 
mayonnaise 25 20 80 50 22 44 1.82 (1.26–2.63) 0.003

Dinner: vegetables 38 28 74 43 19 44 1.67 (1.13–2.45) 0.013
Dinner: shellfish 33 25 76 50 24 48 1.58 (1.12–2.23) 0.013
Dinner: other seafood 36 26 72 41 18 44 1.65 (1.10–2.46) 0.020

a	 p<0.05; 95% CI did not include 1.

Table 4
Association between the number of dishes containing mayonnaise consumed per respondent and the risk of salmonellosis 
after a wedding party, Bavaria, Germany, summer 2010

Number of dishes containing mayonnaise 
consumed per respondent

Number of respondentsa

(n=80)
Number of cases

(n=46)
Relative risk

(95% CI) Wald test p value

0 21 2 1 Reference –
1 19 9 4.97 (1.22–20.19) 0.025
2 19 15 8.29 (2.17–31.61) 0.002
3 8 7 9.19 (2.40–35.23) 0.001
>3 13 13 10.99 (2.94–41.07) <0.001

a	 Eight respondents, for whom classification was not possible as they were uncertain about their consumption of one dish in this group, were 
excluded from the analysis.
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were transported in cooling boxes and stored in cool-
ing units at the venue. At the venue, the lunch buffet 
was set up for six hours, between 2 p.m. (the buffet 
was set up one hour before it was available to guests) 
and 8 p.m. No checks were carried out of holding 
temperatures of the warm or cold dishes. Salads and 
other cold dishes were not cooled during this period. 
Photographs of the buffet showed that a number of the 
cold dishes were decorated with non-edible flowers 
(such as roses), which were inserted into the food. The 
flowers had been purchased at a wholesale retailer. 
Cakes supplied by a number of wedding guests were 
stored without cooling until they were served at 20:00. 
The dishes of the dinner buffet were not cooled. They 
were first served at 10 p.m. It is unclear for how long 
the dishes of the dinner buffet were served; however, 
it is known that the catering personnel departed at 
00.30.

Inspection of the catering facilities and interview of 
the catering staff revealed a number of shortcomings 
contravening European food hygiene regulations. The 
facilities used by the caterer were not registered with 
the local authorities. There were no records of the 
required staff training on food hygiene. No tempera-
ture controls of cooling devices or transport boxes were 
carried out, nor were temperatures monitored during 
preparation or serving of warm dishes. There were no 
records of HACCP concept planning or implementation. 
The company was banned from catering until proof of 
changes in their practices had been provided to the 
local authorities.

Inspection of the kitchen facilities at the wedding party 
venue did not identify any deficiencies.

No food samples could be secured from either the 
venue or the caterer. However, four food samples, each 
consisting of a mixture of dishes, were provided for 
laboratory analysis by wedding guests who had taken 
home leftovers from the buffet. 

Laboratory results
A total of 38 of the respondents stated in their question-
naire that they had submitted a stool sample for labo-
ratory analysis via their GP or at hospital. Salmonella 
species were isolated from stool samples from 26 of 
them. For 24 of these isolates, S. Enteritidis was identi-
fied as the serovar.

Stool samples from all eight of the catering personnel 
were positive for Salmonella.

Swabs from both the wedding party venue and the 
catering company’s kitchen facilities were negative. 
In two of the four food samples tested (one contained 
several meat dishes served at the lunch buffet, the 
other contained several seafood dishes served at the 
dinner buffet), S. Enteritidis was isolated in a standard 
25 g of sample material.

At the National Reference Centre, eight isolates from 
the respondents, two isolates from catering person-
nel and two isolates from the food samples were 
characterised. All 12 isolates were identified as S. 
Enteritidis, phage type 4/6. Molecular subtyping of 
these S. Enteritidis strains by PstI-SphI ribotyping 
showed that all strains possessed an indistinguishable 
ribotype pattern: ribotype 3 according to the National 
Reference Centre arbitrary designation of ribotypes of 
S. Enteritidis PT 4/6. (To date, the National Reference 
Centre has identified 37 different ribotype patterns 
among isolates of phage type 4/6 (data not shown)

Discussion
This paper describes the investigation of an outbreak 
of S. Enteritidis PT4/6 amongst the guests of a wed-
ding party. The cohort study showed that a variety of 
dishes were associated with a significantly increased 
risk of infection: in particular consumption of a group 
of lunch dishes containing mayonnaise was associ-
ated with a high relative risk. Despite the constraint of 
a two-week delay between the wedding party and the 
questionnaires being sent out, participants appeared 
to recollect well which dishes they had consumed. All 
respondents were contacted by the local health office 
by telephone within four days of the wedding, which 
meant that both cases and non-cases were made 
equally aware of the outbreak close to the event, reduc-
ing the risk of recall bias. 

The isolation of S. Enteritidis from two of the food sam-
ples at the wedding party was judged to show that the 
food served posed a health risk, as all the food items 
were ready for consumption without requiring further 
preparation or heating. The isolation of indistinguish-
able Salmonella strains from the food samples as well 
as from stool samples of respondents and catering 
personnel supported the hypothesis that the outbreak 
was food-borne. Besides the use of classical methods 
(serotyping and phage typing), molecular methods 
such as PstI-SphI ribotyping are essential for identi-
fying genomic polymorphism, in order to differentiate 

Table 5
Multivariable analysis of groups of dishes served at a 
wedding party, consumption of which was significantly 
associated with onset of salmonellosisa, Bavaria, Germany, 
summer 2010

Variable Relative risk
(95% CI)

Wald test 
p value

Lunch: dishes containing mayonnaise
0 1 Reference –
1 6.61 (1.74-24.99) 0.005
Dinner: dishes containing mayonnaise
0 1 Reference –
1 1.42 (1.04-1.93) 0.027
Lunch: sauces
0 1 Reference –
1 1.27 (1.04-1.56) 0.021

a	 p<0.05; 95% CI did not include 1.
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between individual strains of the highly clonal serovar 
Enteritidis and thus confirm a common source of the 
pathogen.

There are several possibilities for the source of the 
Salmonella contamination in this outbreak. Mayonnaise 
is a well-recognised vehicle of contamination when raw 
egg is used as an ingredient [8-12]. However, in this 
outbreak all cold dishes and salads were made from 
commercially prepared ingredients. As commercially 
produced mayonnaise and sauces are conventionally 
based on pasteurised ingredients, it is unlikely that 
they would be the primary source of contamination. 
Commercial mayonnaise by itself is also not suitable 
for Salmonella propagation, due to its low pH adjusted 
by acetic acid. However, addition of mayonnaise to 
other salad ingredients may alter the overall acetic 
acid concentration of the mixture, thus providing a 
suitable base for proliferation once the pathogen has 
been introduced by secondary contamination [13].

None of the catering staff said they had symptoms 
of salmonellosis before the wedding party. However, 
shedding of pathogens in the prodromal phase of infec-
tion, as well as asymptomatic excretion of Salmonella, 
has been reported in the literature [14,15]. Thus the 
possibility of food contamination by an asymptomatic 
shedder among the catering personnel cannot be 
excluded.

Contact during storage or transport between raw ingre-
dients that may have been contaminated (such as meats 
or fish) and dishes ready for consumption may have 
been another possible source of cross contamination. 
Interestingly, a number of the cold dishes and salads 
(including the ‘wedding rings’) and a number of other 
dishes also containing mayonnaise served at the lunch 
and dinner buffets had been decorated with flowers. 
European food safety laws state that food contamina-
tion during primary production must be minimised by 
controlling potential contamination in soil, water and 
fertiliser. Cultivation of non-edible flowers, however, is 
not subject to these laws and flowers are therefore at 
increased risk of pathogen contamination. The flower 
decoration in a variety of cold dishes and salads may 
have served as the source of secondary Salmonella 
contamination in this outbreak. Unfortunately, it was 
not possible to test this hypothesis as only some of 
the dishes could be clearly identified in photographs 
of the buffets and there were no other records of which 
dishes had been decorated with flowers nor was it pos-
sible to obtain this information from the catering staff. 
Unavailability of systematic samples of all the dishes, 
or ingredients, which could have helped to elucidate 
the source of contamination, posed a further limitation 
to the outbreak investigation.

The environmental investigation revealed a number of 
infringements of food safety regulations, including a 
lack of staff training and the absence of records of a 
food safety concept according to the HACCP principles. 

Lack of temperature controls for food storage and 
transport as well as prolonged presentation of buffet 
dishes at room temperature provided ideal conditions 
for pathogen proliferation, regardless of the primary 
source of contamination.

While they do not replace official controls, the HACCP 
principles are central to the European concept of food 
safety by helping food business operators to attain a 
high standard of food safety. Successful implemen-
tation of procedures based on the HACCP principles 
requires the full cooperation and commitment of food 
business employees. Adequate training of personnel is 
central to achieving this goal [2]. The outbreak investi-
gated in this study demonstrates the consequences of 
lack of staff training and the failure to identify hazards 
to food safety, as well as failure to implement control 
measures to mitigate such hazards. The use of flowers 
as food decoration demonstrated insufficient under-
standing of the potential for contamination through 
products that are not intended for food production and 
therefore not subject to food hygiene regulations.

Intelligently implemented food hygiene concepts not 
only benefit the consumer but are also very much in 
the interest of the food business operator, whose 
business can be threatened by food-borne outbreaks. 
Initial hygiene and food safety training for food busi-
ness operators should therefore also explain micro-
biological principles underlying food safety practices 
in order to equip the businesses with the required 
background knowledge and motivation to design and 
implement an intelligent food safety/HACCP concept, 
including the consideration and identification of poten-
tial sources of contamination. Explicit mention of the 
dangers of the use of non-edible flowers for decoration 
should be considered in guides to good practice, which 
are a valuable instrument to aid food business opera-
tors with compliance with food hygiene rules and with 
the application of the HACCP principles.
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The call for expression of interest for the cohort 2012 of 
EPIET Member State track (EPIET MS-Track) is now open.  
European Union (EU) Member States with an acknowl-
edged EPIET training site can express their interest in 
having a fellow trained. The deadline for expression of 
interest is 26 February 2012. For the 2012 cohort ECDC 
will be co-funding 12 MS-Track fellowships.

For those Member States which do not yet have an 
accredited EPIET training site, visits will be organised 
to those countries interested in training an EPIET-MS 
Fellow, to appraise their potential availability as train-
ing sites.

Since 2011 the Member State track of EPIET provides 
training in EU/European Economic Area country of ori-
gin. It addresses the need of strengthening the field 
epidemiology capacity in the Member States that have 
not yet benefited from the EPIET Programme. In 2011 
seven fellows participated in the MS-Track programme 
and the EPIET Training Site Forum (ETSF) requested 
that more fellowships be made available. The response 
of the European Centre for Disease Prevention and 
Control (ECDC) to this request was to increase in the 
number of MS-Track seats offered from seven to 12.

For more information and the application form see the 
ECDC and the EPIET websites.


