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Following notification of a Salmonella enterica serovar 
Typhimurium gastroenteritis outbreak, we identified 
82 cases linked to a restaurant with symptom onset 
from 12 February 2015 to 8 March 2016. Seventy-two 
cases had an isolate matching the nationally unique 
whole genome sequencing profile (single nucleo-
tide polymorphism (SNP) address: 1.1.1.124.395.395). 
Interviews established exposure to the restaurant 
and subsequent case–control analysis identified an 
association with eating carvery buffet food (adjusted 
odds ratios  (AOR):  20.9;  95%  confidence inter-
val  (CI):  2.2  –  ∞). Environmental inspections, food/
water testing, and a food trace-back investigation 
were inconclusive. Repeated cycles of cleaning were 
undertaken, including hydrogen peroxide fogging, 
however, transmission continued. After 7  months of 
investigation, environmental swabbing identified 106 
isolates from kitchen surfaces and restaurant drains 
matching the outbreak profile. We found structural 
faults with the drainage system and hypothesised 
that a reservoir of bacteria in drain biofilm and under-
floor flooded areas may have sustained this outbreak. 
Ineffective drain water-traps (U-bends) may have also 
contributed by allowing transmission of contaminated 
aerosols into the kitchen environment. These findings 
suggest that routine swabbing of sink drain points and 
inspection of drainage systems should be considered 
in future outbreak scenarios.

Introduction 
It is estimated that over 38,000 community cases 
of salmonellosis occur annually within the United 
Kingdom (UK) [1,2]. Salmonellosis often results from 
consumption of contaminated food or water [3], how-
ever, transmission via asymptomatic shedding by food 
handlers and exposure to contaminated environments 
where conditions are favourable for pathogen survival 
have also been implicated [3,4]. Here we report the 
findings of an investigation of an outbreak of salmonel-
losis where the environment was pivotal in continued 
transmission.

The event
On 7 March 2015, Public Health England (PHE) East 
Midlands was alerted by the clinical microbiology lab-
oratory of a local hospital to 21 cases of  Salmonella 
enterica  serovar Typhimurium gastroenteritis, with 
onset in February 2015. Seven cases in this initial phase 
of the outbreak required hospitalisation. Following this 
notification we suspected there was a community out-
break of  S.  Typhimurium; investigations and attempts 
to control the outbreak followed.

Hypothesis-generating interviews at the outset of the 
investigation identified that several cases had eaten 
at the same restaurant during the incubation period 
for their illness. Descriptive epidemiological analyses 
including subsequent cases pointed to the restaurant 
being the likely source. This popular, purpose (newly) 
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built restaurant had opened only 18 months before 
the outbreak. The restaurant offered a full table-ser-
vice menu, self-service salad bar and hot self-service 
carvery buffet serving roasted meats (turkey, beef, 
gammon and pork at weekends) and vegetables and 
condiments. Despite interventions to control the initial 
outbreak, cases continued to emerge followed by a pro-
longed period of transmission until 2016. The evolution 
of the investigation into this community outbreak and 
subsequent control measures is described, with spe-
cific reference to the use of whole genome sequencing 
(WGS) to link isolates and the role of the drains in con-
tinued pathogen transmission.

Methods 

Epidemiological investigations
Case finding used information from existing cases, 
local primary care practitioners and pre-existing sur-
veillance systems (statutory disease and routine labo-
ratory notifications, including routine WGS) [5]. Active 
case finding using restaurant booking information was 
not possible as most customers did not pre-book.

Hypothesis-generating interviews and descriptive 
analyses informed a case–control study in March 

2015 where we defined confirmed cases as UK resi-
dents with  S.  Typhimurium infection (with or without 
gastroenteritis) with an isolate matching the nation-
ally unique WGS outbreak profile (five single nucle-
otide polymorphisms (SNP) single linkage cluster 
1.1.1.124.395.395) [6] with symptom onset or a positive 
sample taken within 12 days of visiting the restaurant. 
Possible cases were defined as having gastroenteritis 
(diarrhoea – three loose stools within 24 hours – or 
any two of abdominal pain, fever or nausea) within 12 
days of visiting the restaurant [7,8].

As part of the outbreak investigations a case–control 
study was undertaken, to understand the associa-
tion between consuming restaurant food or drink and 
illness, with the assumption that a food associated 
source was the most likely vector. Cases were recruited 
and were requested to nominate people who had eaten 
with them as controls (1:1 ratio). No other criteria were 
set for control selection. After data collection any con-
trols who met case definitions were reassigned as 
cases. We asked about exposure to food and drink and 
potential confounding exposures: immunosuppression, 
recent use of antibiotics or antacids, age and sex. We 
calculated univariate odds ratios (OR), and adjusted 
ORs (aOR) using multivariable exact logistic regression. 

Figure 1
Reported date of symptom onset of cases of a Salmonella outbreak and people not meeting case definitions with matching 
whole genome sequencing of clinical isolates, United Kingdom, Week 7 (February) 2015–Week 14 (March) 2016 (n = 102a)
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Due to continued case occurrences after the implemen-
tation of outbreak control measures (as informed by 
the findings of the case–control study), further inves-
tigations ensued, including increased scrutiny of the 
environment.

Clinical microbiological investigations
Stool samples were collected for culture and charac-
terisation following clinical investigations and volun-
tary sampling of restaurant staff in March 2015 and 
again following further case occurrences in November 
2015. Positive isolates were submitted to the PHE 

Figure 2
Maximum likelihood phylogenetic tree of clinical (red), sewer (blue) and other environmental samples matching the SNP 
address 1.1.1.124.395.395 of a Salmonella outbreak strain, United Kingdom, February 2015–March 2016 (n = 220 outbreak 
sequencesa)

SNP: single nt polymorphism.

a 114 sequences from clinical isolates (cases and non-cases), this includes sequences where there were multiple samples from cases. 106 
sequences from environmental isolates are shown.

An asterisk (*) denotes the position of a clinical isolate in the tree. The first two asterisks at the base of the tree denote the root of the tree 
and nearest neighbouring sequence.
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Gastrointestinal Bacteria Reference Unit (GBRU) for 
serological confirmation, phage typing and multilo-
cus variable-number tandem repeat analysis (MLVA), 
until April 2015. Extracted DNA from isolates was also 
sequenced using Nextera library preparation (Illumina, 
Inc. San Diego, California, United States) on an Illumina 
HiSeq 2500 machine. High quality Illumina reads were 
mapped to the  S. Typhimurium reference genome 
(GenBank: AE006468) as previously described [9]. Core 
genome positions that had a high quality SNP (> 90% 
consensus, minimum depth 10×, genotype quality ≥ 30) 
in at least one strain were extracted and RaxMLv8.17 
(Stamatakis, 2014) used to derive the maximum like-
lihood phylogeny of the isolates under the general 
time-reversible (GTR)-CAT model of evolution. Single 
linkage SNP clustering was performed [9]. FASTQ reads 
from all sequences in this study can be found at the 
PHE Pathogens BioProject at the National Center for 
Biotechnology Information (Accession PRJNA248792). 
Isolates within the five SNP single linkage cluster 
1.1.1.124.395.395 were defined as part of the outbreak.

Environmental investigations and site visits
Environmental Health Officers (EHOs) carried out a 
routine inspection at the restaurant and reviewed staff 
sickness records when the outbreak was first identi-
fied. Surface swabs using Dacron tipped swabs and 
sponge swabs, along with food and water samples 
were collected using standard techniques [10]. Repeat 
site visits and inspections continued throughout the 
outbreak. A food trace-back investigation was con-
ducted to identify the suppliers of meat, eggs, stuff-
ing and gravy to establish if local suppliers were being 
used or whether larger national/international suppliers 
had links to other reported cases or outbreaks of  S. 
Typhimurium.

In November 2015, following failure to control the out-
break, we considered potential environmental sources 

that could provide an ongoing intermittent exposure 
which had not previously been investigated. Repeated 
cycles of cleaning were undertaken at the restaurant, 
including deep cleans using hydrogen peroxide fog-
ging, however these still failed to control the inci-
dent. Further investigations including a Water Fittings 
Inspection [11], sewer sampling using a non-validated 
method similar to a Moore swab [12] and an inspection 
of the restaurant drainage systems were undertaken. 
The drains were visually inspected and microbio-
logical sampling of the kitchen floor drains and sink 
drains was undertaken. Expert advice was sought on 
the movement of bio-aerosols along drainage systems 
[13]. Drainage systems were inspected internally using 
remote cameras, swabbing was conducted and smoke 
testing was used to establish air flows and the integrity 
of the drainage. Repeat inspections and environmental 
swabbing were undertaken after remedial works.

Environmental samples were submitted to PHE Food, 
Water and Environmental Microbiology Laboratories. 
These were tested for  Salmonella  sp. using routine 
detection methods for surface swabs and food [14]. 
Testing methods were adapted for non-routine samples 
including kitchen cloths and spray bottles. Isolates 
from positive samples were referred to GBRU for WGS 
and SNP analysis allowing comparison with clinical 
samples.

Results 
Eighty-two cases (72 confirmed and 10 possible) 
reported visiting the restaurant. The onset of symp-
toms (mainly diarrhoea) ranged from 12 February 2015 
to 8 March 2016 with apparent point source outbreaks 
in February and June 2015, followed by a prolonged 
period of transmission (Figure 1). Four cases (all con-
firmed) worked in the restaurant kitchen or served 
food at the restaurant, two of whom were asympto-
matic (identified through staff sampling).

Table 1
Results of univariate analysis of food items eaten at a restaurant, implicated in a Salmonella outbreak, United Kingdom, 
March 2015 (n = 30 persons investigated)

Food eaten
Cases Controls

Crude OR (95% CI) Exact p value
Total Exposed % Total Exposed %

Carvery 20 20 100 10 5 50 Inda (4.21–Ind) 0.002
Any sharing platter 19 0 0 10 3 30 0 (0.00–0.56) 0.05
Side dish 20 0 0 10 2 20 0 (0.00–0.89) 0.1
Any burger 20 0 0 10 1 10 0 (0.00–Ind) 0.3
Any pie 20 0 0 10 1 10 0 (0.00–Ind) 0.3
Any fish 19 0 0 10 1 10 0 (0.00–Ind) 0.3
Any starter 19 0 0 10 1 10 0 (0.00–Ind) 0.3
Any pudding 20 3 15 10 3 30 0.41 (0.04–3.97) 0.3
Any drink 20 18 90 10 9 90 1 (0.02–21.72) 1

CI: confidence interval; ind: indeterminate; OR: odds ratio.
No cases or controls ate items from the following menu sections: jacket potatoes, light bites, salads, steaks, hero dishes, classic dishes.
a Exact logistic regression, median unbiased estimate univariate OR: 21.37 (95% CI: 2.52– ∞).
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Cases had a median age of 28  years (range: 
5  months–85  years), 65% (53/82) were female and 
99% (81/82) lived in the same county as the restau-
rant. Symptoms were mainly self-limiting although 19 
cases were hospitalised (1 to intensive care with inva-
sive disease). We also identified 31 people during case 
finding whose isolates matched the nationally unique 
WGS outbreak clade but reported not visiting the res-
taurant, and had no apparent link to cases or takeaway 
food (n = 13) or declined interview (n = 18). These peo-
ple did not meet the case definitions, but otherwise did 
not appear different from cases; median age: 28 years 
(range: 10 months – 85 years), 52% (16/31) female, with 
similar symptoms and onset dates, however 19% (6/31) 
lived in other areas of England or Northern Ireland.

Case–control study
At the time of the case–control study, 44 cases reported 
having eaten at the restaurant. Twenty (17 confirmed, 3 
possible) responded to the case–control questionnaire 
(response rate: 20/44). Cases only nominated 10 con-
trols; failing to achieve a 1:1 ratio.

A range of foods, including uncooked salad items were 
investigated in the case–control study (Table 1). Eating 
food from the carvery was the only significant (p < 0.01) 
harmful exposure identified by univariate analysis 
(OR:  21.37;  95%  confidence  interval  (CI):  2.52  –  ∞). 
All cases had consumed carvery food. Multivariable 
analysis identified sex and recent antibiotic use, as 
confounders. The adjusted odds of becoming a case 
remained over 20 times greater after eating any carvery 
food (aOR: 20.9; 95% CI: 2.2 – ∞, Table 2). Effect modi-
fication was not identified between covariates in the 
final model. These results were confirmed by sensitiv-
ity analyses (data not shown). Throughout the inves-
tigation, 94% (60/64) of cases with a known food 
history reported eating food from the carvery; no cases 
reported eating salads.

Clinical microbiological investigations
S. Typhimurium was isolated in 75 case samples (72 
confirmed, 3 possible); stool samples were not avail-
able for seven cases. Phage-type DT193 was identified 

for 16 isolates, 58 isolates were untypable, and one 
isolate was not phage-typed. A single MLVA profile 
was identified (3–14–9-0–0211) in 34 cases (one addi-
tional case had a single locus variant). This profile had 
been associated with human cases and pigs in several 
regions of England (data not shown). In addition WGS 
was available for 96% (72/75) of isolates with the first 
results available 7  days after the start of the investi-
gation, providing increased discrimination over MLVA 
results.

All the isolates clustered within a nationally unique 
five SNP cluster (which is further referred to as the 
outbreak clade), 71% (53/72) of isolates were iden-
tical across their core genome with no SNP differ-
ences observed (outbreak profile). The remaining 19 
case isolates varied from the most frequent genotype 
by between one and five SNPs. An overview of the 
sequences associated with this nationally unique out-
break profile is shown in the dendrogram (Figure 2) 
with sequences from environmental sampling, and the 
additional 31 sequences identified from people during 
case finding who did not meet case definitions (i.e. 
non cases). Eight of 13 sequences from non-cases that 
reported not visiting the restaurant had no SNP differ-
ence from the outbreak sequence. Three sub-lineages 
(Figure 2, marked A–C) which emerged from November 
2015 were apparent. Prior to this, genetic variation had 
been observed, but distinct sub-lineages had not been 
identified, with the exception of three cases in March 
2015 which appeared distinct from the main outbreak 
lineage (Figure 2, marked D). 

Environmental investigations
All routine environmental inspections at the restaurant 
had been satisfactory before the outbreak. Eighteen 
inspections were carried out during the investigation; 
until November 2015 these were inconclusive and 
therefore the restaurant remained open. There were 
no reports of staff illness before the outbreak. Carvery 
food was not available for sampling due to the high 
food turnover, however, raw meat and fresh water sam-
ples were taken at the beginning of each cluster and in 
early 2016 (n  =  21, all negative). The food trace-back 
investigations were inconclusive and did not identify 
any suppliers linked with other cases or outbreaks.

Environmental sampling in the kitchen, restaurant, staff 
rooms, toilets and flats above the restaurant was con-
ducted throughout the investigation, with 354 samples 
collected (Table 3). These were negative throughout the 
early stages of the investigation, but from November 
2015 onwards  S.  Typhimurium matching the outbreak 
clade was isolated from 106 environmental samples 
(Table 3). Isolates from three sewer swabs matched 
the outbreak profile. From November 2015 samples 
taken from cleaning materials, the pot wash area and 
wash hand basins were also found to have isolates 
that matched the outbreak profile. From January 2016 
further areas of the kitchen were implicated along with 
drains (Table 3). The majority of environmental isolates 

Table 2
Final exact logistic regression multivariable model of 
carvery food items eaten at a restaurant implicated in 
a Salmonella outbreak, United Kingdom, March 2015 
(n = 29a)

Exposure
AOR 

 
(95% confidence interval)

P value

Carvery 20.9 (2.2–∞)   < 0.007
Sex (male) 2.7 (0.2–148.6) > 0.7
Recent antibiotic use 1.0 (0.7–63.6) > 0.99

AOR: adjusted odds ratio.
a One case had no record of antibiotic use and was excluded from 

the model (n = 29), model p < 0.005.
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fell into sub-lineages A–C, however several deep drain 
swabs were identical to the outbreak sequence (Figure 
2).

Mapping and visual inspection of the drainage sys-
tems identified significant issues. Water filled traps 
(u-bends) designed to prevent foul air flow from the 
drainage system into the building had failed and 
smoke testing revealed some ineffective drain seals, 
potentially allowing contaminated bio-aerosol to be 
disseminated into the kitchen. One sink drain was not 
connected to any drainage system with waste water 
pooling under the floor. Other larger drains had failed 
after leaking waste-water washed away the support-
ing substrate forming a cavity under the kitchen area. 
It transpired at that point that drainage water had, on 
occasion, risen into the kitchen area, although this had 
not been previously reported. Substantial remedial 
works were undertaken, however, these were found to 
have failed on re-inspection and so these drains were 
later decommissioned.

Interventions
The restaurant responded to the outbreak by rotat-
ing staff away from carvery duties in case they were 
unsuspecting carriers, retraining staff on hygiene pro-
cedures, facilitating voluntary staff sampling, installing 
and monitoring additional hand washbasins, moving 
raw meat storage outside of the kitchen, and conduct-
ing deep cleans of the indoor environment, which over 
the outbreak increased in frequency and progressed to 
include weekly steam cleaning and hydrogen peroxide 
fogging. Cameras were also installed to monitor the 
carvery buffet, following concerns that deliberate con-
tamination may have occurred.

The restaurant voluntarily closed for 2  days for clean-
ing following positive environmental swab results in 
November 2015 and again for several weeks after fur-
ther positive sampling to allow deep cleaning, kitchen 
refitting, and restaurant refurbishment. Remedial 
work was undertaken on the drains in February 2016. 
Capping of all kitchen floor drains and hydrogen per-
oxide fogging followed in March 2016. This appeared 
to resolve issues of contamination. Throughout the 

Table 3
Summary of environmental samples (n = 375) with isolates implicated in a Salmonella outbreak (n = 106) by whole genome 
sequencing, United Kingdom, March 2015–May 2016

Sample date Water samples 
(n)

Food samples 
(n)

Environmental samples 
(n)

WGS positive isolates within 
five SNP clade(n) Positive sample source

Mar 2015 1 0 26 0 NA
Jun 2015 0 1 16 0 NA
Sep 2015 1 2 27 0 NA

Nov 2015 0 0 19
3 Sinks/wash hand basins
7 Cleaning materials
3a Sewer swabs

Dec 2015 0 0 67
5 Kitchen cloths
2b Sinks/wash hand basins
2b Cleaning materials

Jan 2016 6 9 47

15 Surface and deep drain 
swabs

4 Kitchen cloths
12a Sinks/wash hand basins
4 Meat sink waste trap
7 Floor swabs

10 Kitchen surface swabs

Feb 2016 1 0 42
19 Surface and deep drain 

swabs
1 Sinks/wash hand basins

Mar 2016 0 0 41 12 Surface and deep drain 
swabs

Apr 2016 0 0 59 0 NA
May 2016 0 0 10 0 NA
Total 9 12 354 106 NA

NA: not applicable; SNP: single nucleotide polymorphism; WGS: whole genome sequencing.
a Three isolates matched outbreak sequence (0 SNP difference).
b One isolate matched outbreak sequence (0 SNP difference).
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investigation EHOs and PHE staff remained in close 
contact with the restaurant and provided advice.

Discussion 
Our investigation identified a prolonged outbreak of S. 
Typhimurium linked to a restaurant where 82 cases 
(72 confirmed, 10 possible) had eaten food. There was 
strong epidemiological evidence of a link to the res-
taurant early in the investigation, supported by timely 
WGS results which provided a highly discriminatory 
microbiological link between cases and confirmed an 
initial point source outbreak. In total, 72 case isolates 
and 106 environmental isolates from the restaurant 
clustered into a unique 5  SNP cluster with 61 isolates 
(53 from cases and eight from environmental samples) 
identical at the core genome level. However, the envi-
ronmental link with the restaurant was not established 
until 7  months after the start of the outbreak when 
WGS positive isolates were obtained from the kitchen 
and drainage system.

We found the drains had failed in several places and 
hypothesised that a reservoir of bacteria in biofilm 
[15] and flooded areas in underfloor cavities may have 
sustained this outbreak, after repeated environmen-
tal cleaning failed. Drainage problems in one area of 
the kitchen led to liquid from the drains seeping into 
the kitchen suggesting a contamination pathway. We 
found isolates matching the outbreak strain on kitchen 
cloths, swabs from kitchen sinks, and pot wash areas 
suggesting contact with sinks may have provided a 
second contamination pathway. We also identified 
ineffective drain water-traps potentially allowing the 
movement of contaminated bio-aerosols [13]. Smoke 
tests demonstrated the potential for dissemination of 
foul air into the kitchen.

While aerosolised drain contamination has not been 
previously described in  S. Typhimurium outbreaks, 
there is supporting evidence for this transmission 
pathway for Gram-negative bacteria in hospital drain-
age systems (modelled using  Pseudomonas putida) 
[13]. Bio-aerosol transmission in building drains was 
implicated in a large outbreak of severe acute respira-
tory syndrome suggesting this as a feasible hypothesis 
[16]. Previous outbreak investigations have also iden-
tified the prolonged survival of food-borne pathogens 
such as Listeria monocytogenes in drainage systems of 
food production plants [15,17]. Sinks and drains have 
also been linked with prolonged bacterial outbreaks in 
hospital settings [18,19]. Occult environmental contam-
ination can therefore be difficult to identify and control 
in diverse settings.

There was strong epidemiological evidence that eating 
carvery food was associated with illness, suggesting 
it may have been an important transmission vehicle. 
However, there was no other evidence to confirm con-
tamination of food or utensils, and temperature logs 
suggested food was cooked appropriately therefore 
the cooked food must have been contaminated in the 

kitchen environment if this hypothesis is correct. Direct 
transmission from asymptomatic staff could also not be 
ruled out as not all staff complied with the first round of 
screening. We could not rule out the effect of potential 
lapses in cleaning and kitchen hygiene practices that 
may also have sustained this outbreak. Eating at busy 
weekend periods appeared to be linked to cases in the 
descriptive analysis, suggesting working practices may 
have been less rigorously applied during busy periods, 
even after staff received additional hygiene training 
during the outbreak.

Many of the isolates sampled from drains belonged 
to one of several genetic sub-lineages which 
had evolved from the main outbreak lineage. 
Several  Salmonella  isolates sampled from the drains 
also matched the main outbreak sequence supporting 
the hypothesis that the drains were potentially an 
important reservoir. The kitchen drains and sewer 
system were unlikely to be the original source and may 
have become contaminated by asymptomatic staff, or a 
diner [20]. It is also possible that a one-off contamina-
tion event from raw or undercooked food was respon-
sible for seeding this outbreak as raw meats such as 
pork cannot be guaranteed to be  Salmonella  free, 
although our food trace-back did not find a supply 
chain problem.

We were unable to identify sources of infection or trans-
mission routes for the 31 people infected with the out-
break strain (13 reported no restaurant exposure). We 
considered that some of these people may have been 
unknowing secondary cases, given the national unique 
WGS results, which had not been observed before or 
since this outbreak, and also that asymptomatic car-
riage was observed during the outbreak, however no 
epidemiological links to outbreak cases with restau-
rant exposure were identified.

Strengths and limitations
A key strength of this investigation was the use of 
routine WGS which strengthened the epidemiological 
evidence of a point-source outbreak enabling rapid 
implementation of control measures before a holiday 
weekend in March 2015. However, there were also a 
number of limitations. Early cases noted their suspi-
cions of the restaurant on social media which may have 
introduced recall bias in our case–control study, inflat-
ing measures of association. The analytical study had a 
poor response rate and a small sample size. This possi-
bly introduced type II error for other food exposures or 
potential confounders which may partially explain why 
other foods were not identified as potential sources of 
infection even though contamination in the kitchen was 
possible. Our analysis plan excluded protective food 
exposures potentially increasing residual confounding 
in our final model.

Other information biases may have been present in this 
investigation as many cases were identified after the 
hypothesis had been established, potentially leading 
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to over ascertainment of exposure at the restaurant. 
However, the investigation did not identify a common 
source other than the restaurant, no other outbreaks 
with the unique profile have been identified and since 
the drainage issues have been resolved, no further 
cases have been identified.

Evidence of environmental contamination was lacking 
before November 2015. This was possibly due to the 
lower density and frequency of sampling or the tech-
niques used, although it is unclear if these or other fac-
tors resulted in inconclusive findings.

Implications for public health
Salmonella  outbreaks are commonly linked to food, 
restaurants and water supplies [21-26]. Biofilm may 
harbour  Salmonella  sp. in drains and long-term 
environmental contamination is possible [3], but rarely 
reported nor is the potential for bio-aerosol related 
contamination. Our findings suggest greater considera-
tion should be given to undertaking drain swabbing at 
an early stage of restaurant and food related outbreak 
investigations. This will enable identification of simi-
larities between environmental and clinical isolates 
that may have previously not been possible before the 
routine use of highly discriminatory WGS.

This outbreak was unexpected in a newly built restau-
rant managed by a national chain. Defective drains 
may have been a one-off incident. However, repeated 
failures of drains and continued contamination of 
the kitchen identified here suggests the design and/
or installation of drainage systems was suboptimal. 
Increased inspections in the building process may be 
required. Consideration should be given to drainage 
systems which facilitate inspection of water-traps or 
use of multiple traps should be considered to reduce 
the impact of failure.

Conclusions
This outbreak of a nationally unique strain 
of  S.  Typhimurium was linked to a single restaurant. 
The defective drainage system in the restaurant may 
have acted as an environmental reservoir and dissemi-
nation of bio-aerosol from the drains into the kitchen 
was plausible. This linked with possible lapses in 
kitchen hygiene may have enabled intermittent con-
tamination of food during the period of the outbreak. 
While the original source remains unclear, this pro-
tracted outbreak was controlled after remedial work on 
the drains, a kitchen and restaurant refurbishment and 
a deep clean involving hydrogen peroxide fogging.

Public health professionals should consider drainage 
systems and bio-aerosols as potential sources in any 
outbreak of salmonellosis and environmental investi-
gations should include swabbing drains early in out-
break scenarios. Investigators should work towards 
accessing timely WGS analysis, which in this inves-
tigation was essential for case finding, establishing 
a single most probable source and underpinning the 

epidemiological evidence used to demonstrate a need 
for actions to prevent further cases.

Acknowledgements
We are grateful to all restaurant staff and customers who 
aided this investigation along with Srilaxmi Degala, Lesley 
Larkin, Dr Jeremy Hawker (Public Health England), Deb 
Morgan, Drazenka Tubin-Delic, Tracy Bishop (Food Standards 
Agency) for contributions to the Outbreak Control Team. We 
thank Dr Sam Bracebridge (Public Health England) for her cri-
tique of this manuscript.

Conflict of interest

None declared.

Authors’ contributions
Incident Director: PM. Conceived and designed the case-
control study protocol: JMJ, RP. Data collection, processing, 
analysis or interpretation: JMJ, RBS, PM, CH, JCR, TD, PA, RJ, 
DM, RP. Drafting the manuscript: JMJ, RBS, TD, PM, RP.

References
1. Roberts JA, Cumberland P, Sockett PN, Wheeler J, Rodrigues 

LC, Sethi D, et al. Infectious Intestinal Disease Study Executive. 
The study of infectious intestinal disease in England: socio-
economic impact. Epidemiol Infect. 2003;130(1):1-11.  https://
doi.org/10.1017/S0950268802007690  PMID: 12613740 

2. Tam CC, Rodrigues LC, Viviani L, Dodds JP, Evans MR, Hunter 
PR, et al. IID2 Study Executive Committee. Longitudinal study 
of infectious intestinal disease in the UK (IID2 study): incidence 
in the community and presenting to general practice. Gut. 
2012;61(1):69-77.  https://doi.org/10.1136/gut.2011.238386  
PMID: 21708822 

3. Silva C, Calva E, Maloy S. One Health and Food-Borne Disease: 
Salmonella Transmission between Humans, Animals, and 
Plants. Microbiol Spectr. 2014;2(1):OH-0020-2013. 10.1128/
microbiolspec.OH-0020-2013 PMID: 26082128 

4. Holman EJ, Allen KS, Holguin JR, Torno M, Lachica M. A 
community outbreak of Salmonella enterica serotype 
Typhimurium associated with an asymptomatic food handler 
in two local restaurants. J Environ Health. 2014;77(2):18-20. 
PMID: 25226780 

5. Ashton PM, Nair S, Peters TM, Bale JA, Powell DG, Painset A, 
et al. Salmonella Whole Genome Sequencing Implementation 
Group. Identification of Salmonella for public health 
surveillance using whole genome sequencing. PeerJ. 
2016;4:e1752.  https://doi.org/10.7717/peerj.1752  PMID: 
27069781 

6. Ashton P, Nair S, Peters T, Tewolde R, Day M, Doumith M, 
et al. Revolutionising Public Health Reference Microbiology 
using Whole Genome Sequencing: Salmonella as an exemplar. 
bioRxiv. 2015.

7. Brooks JT, Matyas BT, Fontana J, DeGroot MA, Beuchat LR, 
Hoekstra M, et al. An outbreak of Salmonella serotype 
Typhimurium infections with an unusually long incubation 
period. Foodborne Pathog Dis. 2012;9(3):245-8.  https://doi.
org/10.1089/fpd.2011.0992  PMID: 22283668 

8. Ethelberg S, Lisby M, Torpdahl M, Sørensen G, Neimann J, 
Rasmussen P, et al. Prolonged restaurant-associated outbreak 
of multidrug-resistant Salmonella Typhimurium among 
patients from several European countries. Clin Microbiol 
Infect. 2004;10(10):904-10.  https://doi.org/10.1111/j.1469-
0691.2004.00990.x  PMID: 15373885 

9. Ashton PM, Peters T, Ameh L, McAleer R, Petrie S, Nair S, et al. 
Whole Genome Sequencing for the Retrospective Investigation 
of an Outbreak of Salmonella Typhimurium DT 8. PLoS Curr. 
2015;7:ecurrents.outbreaks.2c05a47d292f376afc5a6fcdd8a7a
3b6.  https://doi.org/10.1371/currents.outbreaks.2c05a47d292
f376afc5a6fcdd8a7a3b6  PMID: 25713745 

10. Public Health England Microbiology Services. Detection and 
enumeration of bacteria in swabs and other environmental 
samples. Version 2. London: Public Health England; 2014.



9www.eurosurveillance.org

11. The Water Supply (Water Fittings) Regulations. 1999. Statutory 
Instrument: 1999 No. 1148 (1999). Available from: http://www.
dwi.gov.uk/stakeholders/legislation/ws(fittings)regs1999.pdf

12. Moore B, Perry EL, Chard ST. A survey by the sewage 
swab method of latent enteric infection in an urban area. 
J Hyg (Lond). 1952;50(2):137-56.  https://doi.org/10.1017/
S0022172400019501  PMID: 14938529 

13. Gormley M, Aspray TJ, Kelly DA, Rodriguez-Gil C. Pathogen 
cross-transmission via building sanitary plumbing systems 
in a full scale pilot test-rig. PLoS One. 2017;12(2):e0171556.  
https://doi.org/10.1371/journal.pone.0171556  PMID: 28187135 

14. Public Health England Microbiology Services. Detection of 
Salmonella species, Microbiology Services Food Water and 
Environmental Microbiology, Standard Method. Version 2. 
London: Public Health England; 2014.

15. Coughlan LM, Cotter PD, Hill C, Alvarez-Ordóñez A. New 
Weapons to Fight Old Enemies: Novel Strategies for the 
(Bio)control of Bacterial Biofilms in the Food Industry. 
Front Microbiol. 2016;7:1641.  https://doi.org/10.3389/
fmicb.2016.01641  PMID: 27803696 

16. McKinney KR, Gong YY, Lewis TG. Environmental transmission 
of SARS at Amoy Gardens. J Environ Health. 2006;68(9):26-30, 
quiz 51-2. PMID: 16696450 

17. Berrang ME, Meinersmann RJ, Frank JF, Ladely SR. 
Colonization of a newly constructed commercial chicken 
further processing plant with Listeria monocytogenes. J Food 
Prot. 2010;73(2):286-91.  https://doi.org/10.4315/0362-
028X-73.2.286  PMID: 20132673 

18. Vergara-López S, Domínguez MC, Conejo MC, Pascual Á, 
Rodríguez-Baño J. Wastewater drainage system as an occult 
reservoir in a protracted clonal outbreak due to metallo-β-
lactamase-producing Klebsiella oxytoca. Clin Microbiol Infect. 
2013;19(11):E490-8.  https://doi.org/10.1111/1469-0691.12288  
PMID: 23829434 

19. Hota S, Hirji Z, Stockton K, Lemieux C, Dedier H, Wolfaardt 
G, et al. Outbreak of multidrug-resistant Pseudomonas 
aeruginosa colonization and infection secondary to imperfect 
intensive care unit room design. Infect Control Hosp Epidemiol. 
2009;30(1):25-33.  https://doi.org/10.1086/592700  PMID: 
19046054 

20. Sánchez-Vargas FM, Abu-El-Haija MA, Gómez-Duarte 
OG. Salmonella infections: an update on epidemiology, 
management, and prevention. Travel Med Infect Dis. 
2011;9(6):263-77.  https://doi.org/10.1016/j.tmaid.2011.11.001  
PMID: 22118951 

21. Moffatt CRM, Combs BG, Mwanri L, Holland R, Delroy B, 
Cameron S, et al. An outbreak of Salmonella Typhimurium 
phage type 64 gastroenteritis linked to catered luncheons in 
Adelaide, South Australia, June 2005. Commun Dis Intell Q Rep. 
2006;30(4):443-8. PMID: 17330386 

22. Ethelberg S, Sørensen G, Kristensen B, Christensen K, Krusell 
L, Hempel-Jørgensen A, et al. Outbreak with multi-resistant 
Salmonella Typhimurium DT104 linked to carpaccio, Denmark, 
2005. Epidemiol Infect. 2007;135(6):900-7.  https://doi.
org/10.1017/S0950268807008047  PMID: 17335629 

23. Silk BJ, Foltz JL, Ngamsnga K, Brown E, Muñoz MG, Hampton 
LM, et al. Legionnaires’ disease case-finding algorithm, attack 
rates, and risk factors during a residential outbreak among 
older adults: an environmental and cohort study. BMC Infect 
Dis. 2013;13(1):291.  https://doi.org/10.1186/1471-2334-13-291  
PMID: 23806063 

24. Ethelberg S, Lisby M, Torpdahl M, Sørensen G, Neimann J, 
Rasmussen P, et al. Prolonged restaurant-associated outbreak 
of multidrug-resistant Salmonella Typhimurium among 
patients from several European countries. Clin Microbiol 
Infect. 2004;10(10):904-10.  https://doi.org/10.1111/j.1469-
0691.2004.00990.x  PMID: 15373885 

25. Ailes E, Budge P, Shankar M, Collier S, Brinton W, Cronquist 
A, et al. Economic and health impacts associated with a 
Salmonella Typhimurium drinking water outbreak-Alamosa, CO, 
2008. PLoS One. 2013;8(3):e57439.  https://doi.org/10.1371/
journal.pone.0057439  PMID: 23526942 

26. O’Reilly CE, Bowen AB, Perez NE, Sarisky JP, Shepherd CA, 
Miller MD, et al. Outbreak Working Group. A waterborne 
outbreak of gastroenteritis with multiple etiologies among 
resort island visitors and residents: Ohio, 2004. Clin Infect Dis. 
2007;44(4):506-12.  https://doi.org/10.1086/511043  PMID: 
17243052

License and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2017.


