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8 Gastrointestinal infection

Estimating deaths from foodborne
disease in the UK for 11 key pathogens

Darren Holland

ABSTRACT

Objective To estimate the number of deaths from
foodborne disease in the UK from 11 key pathogens.
Design Four different models were developed using
data from a range of sources. These included enhanced
surveillance, outbreaks, death certificates and hospital
episode statistics data. For each model, median estimates
were produced with 95% credible intervals (Crl). The
results from the different models were compared.
Results The estimates for foodborne deaths for each
pathogen from the different models were consistent, with
Crls largely overlapping. Based on the preferred model
for each pathogen, foodborne norovirus is estimated to
cause 56 deaths per year (95% Crl 32 to 92), foodborne
Salmonella 33 deaths (95% Crl 7 to 159), foodborne
Listeria monocytogenes 26 deaths (95% Crl 24 to 28),
foodborne Clostridium perfringens 25 deaths (95% Crl 1
to 163) and foodborne Campylobacter 21 deaths (95%
Crl 8 to 47). The considerable overlap in the Crls means it
is not possible to make any firm conclusions on ranking.
Most of these deaths occur in those aged over 75years.
Foodborne deaths from Shigella, Cryptosporidium, Giardia,
adenovirus, astrovirus and rotavirus are all rare.
Conclusions We estimate that there are 180 deaths per
year in the UK (95% Crl 113 to 359) caused by foodborne
disease based on these 11 pathogens. While this is

a small fraction of the estimated 2.4 million cases of
foodborne iliness per year it still illustrates the potential
severity of these illnesses demonstrating the importance
in continuing efforts to reduce these infections.

INTRODUCTION
Foodborne disease (FBD), also referred to
as foodborne illness or food poisoning, is
caused by consuming contaminated food
or drink. It can be caused by a variety of
different bacteria, parasites and viruses,
examples being Salmonella, Cryptosporidium
and norovirus. Typical symptoms include
nausea, vomiting and diarrhoea. The Food
Standards Agency estimates that there are
2.4million cases of foodborne illness per year
in the UK,' Estimates produced by WHO
indicate foodborne diarrhoeal diseases cause
550 million cases and 230000 deaths world-
wide a year.”

The IID2 extension,3 estimated the burden
of FBD in the UK for 13 pathogens. This
produced estimates of 566000 cases, 74000

,' Laura Thomson,? Nazmina Mahmoudzadeh,' Abdul Khaled®

What is already known about this subject?

» Foodborne disease is a common illness in the UK.

» Previous research has estimated that there are
566000 cases, 74000 general practitioner pre-
sentations and 7600 hospital admissions related to
foodborne disease from 13 known pathogens in UK;
no estimate was made for deaths.

» Campylobacter and norovirus are the most common
foodborne pathogens in the UK.

» Other common foodborne pathogens
Clostridium perfringens and Salmonella.

include

What are the new findings?

» This study provides updated estimates of deaths for
each of the 11 key foodborne pathogens consid-
ered; in total, these 11 pathogens cause 180 deaths
per year in the UK (95% credible interval (Crl) 113
to 359).

» Among them, Campylobacter, C. perfringens, Listeria
monocytogenes, Salmonella and norovirus patho-
gens are responsible for over 98% of these deaths.

» Ranking between these five is difficult due to over-
lapping Crls.

How might it impact on clinical practice in the

foreseeable future?

» This highlights the potential severity of Salmonella,
L. monocytogenes, C. perfringens, Campylobacter
and norovirus, particularly in comparison with oth-
er infectious intestinal diseases that have a food
source.

general practitioner (GP) presentations and
7600 hospital admissions. No estimates were
made for deaths. This new study comple-
ments the previous work by providing esti-
mates of deaths for 11 of these pathogens.
This gives a more complete picture of the
overall burden of illness for each pathogen.

Deaths from FBD are not routinely
recorded. Death certificates do not always
record the specific gastrointestinal pathogen
involved and when the causal pathogen is
identified it is seldom clear whether the
source of infection was from food or from
a non-food source. Models are therefore
required to estimate deaths.
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Table 1 Number of outbreaks and associated cases and deaths for England and Wales 2001-2016
Number of: Number of outbreaks
Residential/Nursing
Pathogen Cases Deaths homes Other locations Total % Res
Bacteria
Campylobacter 2950 2 11 136 147 7.5
Clostridium perfringens 3098 5 25 71 96 26.0
Escherichia coli 0157 2343 11 7 152 159 4.4
Listeria monocytogenes 125 24 15 15 0.0
Salmonella 10248 63 32 322 354 9.0
Shigella 268 1 1 12 13 7.7
Protozoa
Cryptosporidium 2516 0 0 158 158 0.0
Giardia 310 0 0 8 8 0.0
Viruses
Adenovirus 69 0 1 3 4 25.0
Norovirus 45546 92 834 712 1546 53.9
Rotavirus 1924 1 38 66 104 36.5

Source: Public Health England. Before 2008, it was not possible to distinguish between nursing homes and other residential categories, so

these were all included under nursing homes.

Data availability varies between pathogens meaning no
one method of estimation is suitable for all pathogens.
In order to address this, four different models were used
in this work to produce estimates of deaths for 11 patho-
gens. The results from the different models were then
compared and a preferred method for each pathogen
selected.

METHODS
Data sources
Enhanced surveillance data and confirmed laboratory reports
For Escherichia coli O157 and Listeria monocytogenes, the
four UK national surveillance centres (Public Health
England, Public Health Wales, Health Protection Scot-
land and Public Health Agency Northern Ireland) under-
take enhanced surveillance. This involves following up
cases with questionnaires that provide more information
on exposure to various risk factors and clinical details.
Data on the numbers of cases, hospitalisations and deaths
by pathogen were extracted from these datasets.

The four UK surveillance bodies also provided number
of confirmed laboratory reports by pathogen for 2018.

Outbreak surveillance data
Public Health England provided outbreak data between
1 January 2001 and 31 December 2016.

For each outbreak, the following data were provided:
pathogen, number of cases, number of cases hospitalised,
number of cases who died and mode of transmission.

Office for National Statistics mortality data
Data from death certificates in England and Wales are
collected by the Office for National Statistics (ONS). Each
death is coded according to the Tenth Revision of Inter-
national Classification of Diseases (ICD-10), which was
developed by WHO (for more details, see http://www.
who.int/ classifications/icd/icdonlineversions/en/).

We obtained summary extracts on deaths relating to an
agreed list of ICD-10 codes linked to specific pathogens
covering the period 2001-2012. The data provided by
ONS contained three sets of information:

» The number of deaths by year where the pathogen
was the underlying cause. These data are referred to
as the Underlying cause extract.

The number of deaths by year where the underlying

cause is indicative of infectious intestinal disease

but not a specific pathogen (eg, ICD-10 code A04.8

‘Bacterial intestinal infection, unspecified’) and the

pathogen name is mentioned in the free text of the

death certificate. These data are referred to as the

Text extract.

The number of deaths by year where the ICD-10 code

related to the pathogen is mentioned on the death

certificate, but not as the underlying cause. These
data are referred to as the Mentioned extract.

For each extract we also obtained place of death.

Duplicate records between the three extracts were

identified and removed as necessary.

The idea of using these three different sets of data
is based on previous work by the ONS on Clostridium
difficile.*
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Table 2 Breakdown of the proportion of deaths estimate in
model 3 from each of the identification methods

Model 3: breakdown of proportion of
deaths by data source

Underlying
cause Text Mentioned
Pathogen extract extract extract
Bacteria
Campylobacter 45.1% 248% 30.1%
Clostridium 75.0% 0.0% 25.0%
perfringens
Listeria 67.2% 1.0% 31.8%
monocytogenes
Salmonella 71.4% 4.4% 24.3%
Shigella 66.7% 0.0% 33.3%
Protozoa
Cryptosporidium 50.0% 0.0% 50.0%
Giardia 50.0% 0.0% 50.0%
Viruses
Norovirus 54.1% 7.8% 38.2%
Rotavirus 50.0% 13.2% 36.8%

Hospital episode statistics

Data on the method of discharge for hospitalisations in
England for the period 2000-01 to 2017-18 was obtained
from NHS Digital. This included the number of hospital-
isations with a discharge method of ‘Died’ for each year
for each pathogen. Pathogens were identified based on
the primary diagnosis ICD-10 code. These were the same
codes used in the mortality data extract.

ONS population estimates

This was obtained directly from the ONS website and
used to scale up different datasets to produce a UK figure
where data were only available for England or England
and Wales.

Modelling approach
We applied four different modelling approaches to esti-
mate for number of annual deaths for the following 11
pathogens: Campylobacter, Clostridium perfringens, E. coli
O157, L. monocytogenes, Salmonella, Shigella, Cryptospo-
ridium, Giardia, adenovirus, astrovirus, norovirus.

Astrovirus and sapovirus, which were also included in
the IID2 extension, were excluded from this analysis as
none of the datasets had data specifically on them. This
was largely because they do not have unique ICD-10
codes but are covered by the more generic category
‘other viral enteritis’. The numbers are likely to be small
as the generic category ‘other viral enteritis’ had been 0
and 3 deaths per year between 2010 and 2014 based on
ONS registered deaths dataset.

Estimates for E. coli O157 were only possible using
models 1 and 2 as the ICD-10 does not break E. coli

down into specific strains. L. monocytogenes was the only
pathogen for which all four estimates were possible.

For all four models, deaths from all sources, not just
food, was first calculated and then the proportion due to
food was estimated. As this second stage is the same for
all models this is described separately.

Values for the parameters used in each model are
provided in the online supplementary file.

Model 1: enhanced surveillance

For E. coli O157 and L. monocytogenes, the enhanced
surveillance data provided by the four UK surveillance
bodies provided the number of deaths. Although there
may be some level of under-reporting, as these illnesses
are relatively severe this is believed to be small.

Model 2: modelling using outbreak data

This model applied the same basic approach for deaths as
had been used in the IID2 extension for hospital admis-
sions. This was based on outbreak data.

For each outbreak several pieces of information are
collected. This includes the pathogen, number of people
affected, how many were hospitalised and how many
died. From these data it was possible to produce an
estimate of the proportion of people who die for each
pathogen based on the number of people affected and
those who die. This assumes that people who do getill in
an outbreak are typical of all cases.

We bootstrapped the outbreak data to get a distribution
of the proportion of cases where the person dies. Before
doing so, we had noticed that outbreaks for certain patho-
gens were biased towards nursing homes. For instance,
54% of outbreaks for norovirus and 26% of outbreaks for
C. perfringens occurred in nursing homes (table 1). This
compares with 0.6% of the population living in nursing
homes.” Reasons for this may include that it is easier to
identify an outbreak in a nursing home, and in the case
of norovirus, advice to the general population is not to go
to their GP for the fear of further spread. As it is probable
that the likelihood of people dying from each illness is
higher for residences of a nursing home compared with
the general population, we weighted the outbreaks based
on population so that one of the outbreaks associated
with a nursing home was selected only 0.6% of the time.
The other 99.4% of the time an outbreak not associated
with a nursing home was selected. We then bootstrapped
the outbreak dataset 4999 times for each pathogen. The
resulting dataset was then fitted to a beta distribution.
The number of bootstraps chosen followed the practice
of the IID2 extension.

The next step was to produce estimates of total cases
for each pathogen from all sources. The four UK surveil-
lance bodies provided confirmed laboratory reports for
2018 for each pathogen. These figures are known to be
an underestimate of total numbers of cases due to under-
reporting. Under-reporting occurs as not everyone who
is ill seeks medical help, those who do will not always
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have a sample taken for testing and even then, the causal
pathogen may not be identified.

For Campylobacter, E. coli O157, L. monocytogenes, Salmo-
nella, Shigella, Cryptosporidium, Giardia and rotavirus an
adjustment for under-reporting was made by using ascer-
tainment ratio for that pathogen (this is the ratio of all
cases in the community to confirmed laboratory reports).
These ratios were based on a population-based prospec-
tive study in the UK, known as the IID2 study.® Uncertainty
was modelled by using log-normal distributions based on
the mean and 95% CI for each ascertainment ratio. For
Shigella, the ascertainment ratio was based on an earlier
cohort study, known as IID1 study.” No ascertainment
ratio was provided for L. monocytogenes in the 1ID2 study,
we therefore assumed no under-reporting which was the
same assumption as made in the IID2 extension.

A Monte Carlo simulation model was then developed
with the following structure to estimate deaths for these
eight pathogens:

D, =L, x AR, x DP, 1

Where:

» D_is the number of deaths in the UK for pathogen P.

» L is the number of confirmed laboratory reports for
pathogen P for the year of analysis. In this report,
data for 2018 were used.

» AR is the ascertainment ratio for pathogen P.

» DP is the proportion of cases that result in death for
pathogen P. This was the beta distribution obtained
from bootstrapping the outbreak data.

For C. perfringens, adenovirus and norovirus the
ascertainment rates were very high compared with the
confirmed laboratory reports, which meant using these
to produce overall estimates of cases was unreliable with a
lot of variation from year to year. Instead, the rate of cases
in the community per 1000 person years, also part of the
IID2 study, were used and multiplied by the UK 2018
population estimates produced by ONS. Uncertainty was
modelled by using log-normal distributions based on the
mean and 95% CI for the rate.

For these three pathogens an alternative Monte Carlo
simulation model was developed as follows:

D, = CR, x POP x DP, 9

Where:

» D_and DP_are as in equation 1.

» CR isrates of cases in the community for pathogen P.
» POP is the UK population for 2018.

For each run of the Monte Carlo simulation models, a
value for each parameter was drawn at random based on
the distributions described above. Both models were run
100000 times for each pathogen.

Model 3: death certificate data plus expert assessments

Using the Mentioned extract (see ‘Data sources’
section), three external epidemiological experts were
independently asked to assess whether the pathogen
mentioned was likely to have contributed to the death
given the underlying cause (the options were high,

medium or low). For example, a combination that was
rated as high by all three experts was an instance where
the underlying cause was Guillain-Barré syndrome and
Campylobacter enteritis was mentioned on the death
certificate.

The three expert assessments were then combined
using a Monte Carlo simulation to create a distribution
of annual deaths per year for each pathogen (for deaths
included in the Mentioned extract only). First it was
necessary to assign probabilities to the different ratings
of high, medium and low. The probabilities set on were
an 80% chance that a death assessed as high would not
have occurred without the contribution of the pathogen
(100% was felt to be too high as this would have suggested
absolute certainty), a 50% chance for a death rated as
medium and 0% for a death rated as low. A Monte Carlo
simulation was then run selecting one of the experts’
assessments at random during each run for each death.
Based on the probability associated with the assessment,
the model used a random number to determine if the
death was due to the pathogen. The number of deaths
were then summed to produce the average number of
deaths per year for each pathogen. The simulation was
run 100000 times.

A distribution of deaths from data held in the other
two extracts (ie, the Underlying cause extract and Text
extract—see ‘Data sources’ section) was also created by
bootstrapping the average numbers of deaths over 12
years (12 years being taken at random with replacement).
The data were bootstrapped 100000 times.

The proportion of deaths from each data source is
given in table 2.

A Monte Carlo simulation model was then developed
with the following structure:

D, = (DM, + DPT,) x POPAD]y 3

Where:

» D is the number of deaths in the UK for pathogen P.

» DM is the number of deaths estimated based on data
in the Mentioned extract for pathogen P.

» DPT is the number of deaths based on data in the
Underlying cause extract and Text extract for path-
ogen P.

» POPAD],,, is an adjustment to scale up from England
and Wales to the UK based on average popula-
tion figures for 2001-2012. This assumes Northern
Ireland and Scotland have similar distributions of
deaths and illnesses to England and Wales. A further
adjustment was made to scale up to 2018 based on
population to make the estimates comparable to the
other models.

Values for DM and DPT were taken at random for
each run of the model from the earlier simulated and
bootstrapped data. The model was run 100000 times for
each pathogen. Using death certificate data in this way is
caveated by the knowledge that clinical coding by ICD-10
is not always perfectly completed.
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Model 4: hospital episode statistics—proportion of discharges due
to death

Hospital episode data were obtained from NHS Digital.
This included data on the number of hospitalisations who
had a discharge method of ‘Died’ and the overall number
of discharges in England. This was for each pathogen for
each year between 2000-01 and 2017-18. From these
data, the proportion of discharges where the person died
for each pathogen was calculated for each year. The data
were then bootstrapped to produce a distribution of the
proportion of hospital admissions where the person dies.
For each bootstrap, 18 years were selected at random,
with replacement, and the average of the proportion of
discharges where the person died over the 18years was
produced. The data were bootstrapped 4999 times and
a beta distribution was then produced from the results.
These proportions are subsequently referred to as the
HES death rate. This was calculated for hospitalisations
where the pathogen was the primary diagnosis.

An assumption has been made that the proportion of
discharges that results in death is equivalent in England
and rest of the UK.

Estimates of total cases for each pathogen were
produced following the same approach as model 2,
which varied by pathogen (see Model 2: modelling using
outbreak data). Using these estimates, two Monte Carlo
simulation models were developed. The first for Campy-
lobacter, L. monocytogenes, Salmonella, Shigella, Cryptospo-
ridium, Giardia and rotavirus had the following structure:

D, =L, x AR, x HP, x HES, x NHU, 4

Where:

» D is the number of deaths in the UK for pathogen P.

> L, is the number of confirmed laboratory reports for
pathogen P for the year of analysis, as used in model
2. In this report, data for 2018 were used.

> AR is the ascertainment ratio for pathogen P. See
model 2 which also used this parameter for further
details.

» HP is the proportion of illnesses that result in
hospital admissions for pathogen P. This was drawn
from the beta distributions of the proportion of cases
that result in hospital admission that had been previ-
ously calculated in the IID2 extension. These beta
distributions had been updated to include outbreak
data from 2001 to 2016.

» HES is the hospital episode statistics (HES) death
rate for pathogen P. For each run of the model, an
average value was drawn at random from the beta
distribution described above.

» NHU is a factor that uplifts the number of deaths
to account for those that do not occur in hospital.
This was drawn on a beta distribution created from
bootstrapping the place of death information on the
death certificate data. The data were bootstrapped
4999 times for each pathogen.

The second Monte Carlo simulation model used for C.
perfringens, adenovirus and norovirus was as follows:

D, = CR, x POP x HP, x HES, x NHU, 5

Where:

> Dp’ HPP, HESlD and NHUp were as in equation 4.

» CR is rate of cases in the community for pathogen P
(see model 2).

» POP is the UK population for 2018.

Both models were run 100 000 times for each pathogen.
This model assumes that people who are admitted to
hospital and who subsequently die are no more likely to
be tested for the causal pathogen than those admitted to
hospital who do not die.

Estimating the proportion of deaths attributed to food

It was assumed that the proportion of deaths attributable
to food was the same as the percentage of cases attributed
to food for each pathogen, that is, the likelihood of a
cases resulting in death for each pathogen was indepen-
dent of the transmission route.

Distributions of the proportion of cases due to food-
borne transmission had previously been calculated in
the IID2 extension and full details of the approach can
be found in that paper. In summary, these were based
on bootstrapping samples from outbreak data using the
proportion of cases from outbreaks that were attributed
to food. This is with the exception of norovirus where
the proportion due to food was based on the Foodborne
Disease Estimates for the United Kingdom in 2018.
These proportions were then multiplied by total deaths
for each pathogen in each model to estimate the number
of deaths attributed to food. These distributions were
then applied to the total number of deaths reported to
produce median estimates and 95% credible intervals
(Crls) of deaths due to foodborne transmissions for each
model. A 95% Crl means that there is a 95% probability
that the value is within the interval. These intervals were
produced by taking the 2.5% and 97.5% percentiles from
the results from the Monte Carlo simulations.

RESULTS

Estimates for deaths from all sources for each pathogen
are given in table 3 while estimates for foodborne deaths
are given in table 4.

For E. coli O157 it was only possible to use estimation
models 1 and 2, and the median estimate results are 1
and 39 deaths from foodborne sources a year, respec-
tively. The estimate of 1 based on the enhanced surveil-
lance data is thought to be the most likely. Model 2 uses
a median ascertainment ratio of 7.4 (95% Crl of 0.5 to
104.4) which would seem high for such a severe pathogen.

L. monocytogenes was the only pathogen where estimates
could be made using all four models. The results are
reasonably consistent with median estimates of food-
borne deaths between 20 and 30 with all Crls overlapping.

For Campylobacter and Salmonella, the Crls for models 3
and 4 overlap with median estimates ranging from 7 to
21 and 22 to 33, respectively. Estimates from model 2 for
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Table 3 Estimates of the number of deaths due to infectious intestinal disease in the UK per annum for selected pathogens

Model 1 Model 2 Model 3 Model 4
Average 2001-12
scaled up to 2018 by
Year(s): 2018 2018 population 2018
Enhanced Proportion deaths in Death certificate HES proportion of
Pathogen surveillance outbreaks plus expert opinion discharges due to death
Central 95% Crl Central 95% Crl Central 95% Crl Central 95% Crl

Bacteria

Campylobacter - - 368 (48 to 1372) 15 (12to0 20) 45 (24 to 84)

Clostridium - - 30 (2 to 190) 0 Oto1) 129 (23 to 2719)

perfringens

Escherichia coli 2 NA 76 (5to1217) - - - -

0157

Listeria 28 NA 32 (17 to 52) 22 (19to 27) 21 (8 to 30)

monocytogenes

Salmonella -- -- 160 (30 to 840) 24 (22 to 27) 37 (8to 176)

Shigella -- -- 20 (0 to 130) 0 Oto1) O (O0to 1)
Protozoa

Cryptosporidium — -- -- (0to 0) 2 (1to2) 8 (1 to 43)

Giardia - - 0 Oto0Q) 0 Oto2) O (0to 3)
Viruses

Adenovirus - - 0 (0to 0) - - 27 (8to 76)

Norovirus -- - 3613 (1868 to 6293) 35 (23 to 47) 453 (252 to 771)

Rotavirus - - 0 (0to 0) 5 Bto6) 1 (Oto 4)

Where there is a 95% Crl of 0 to 0 in model 2, there were no deaths for that pathogen in the outbreak data.

Crl, credible interval; HES, hospital episode statistics.

these two pathogens are higher, although their Crls do
overlap with model 4.

For norovirus there is much less agreement between
models, with no overlap in the Crls.

Deaths from Shigella, Cryptosporidium, Giardia, adeno-
virus and rotavirus attributed to food are all rare, with
most of the median estimates being 0. As with all the
estimates, these have been rounded to the nearest whole
number (you cannot have part of a death) but the precise
numbers would be slightly above 0 indicating that a death
could be expected once every few years. Adenovirus was
also left out of our estimate for model 3 as we did not
have the Text extract for the pathogen.

Figure 1 shows the proportion of deaths by age band.
Most deaths occur in those aged over 75years for the
main pathogens (numbers for other pathogens were too
small for such splits). For norovirus, 89% of people who
died were aged over 74 years. For Campylobacter, L. mono-
cytogenes and Salmonella, the proportions were lower at
68%, 54% and 55%, respectively. This is based on data
where the pathogen was stated as the underlying cause
on the death certificate. This may be suggestive of under-
lying conditions or more general frailty, which means the
individual is more severely affected by the illness.

The number of years of potential life lost (YPLL) based
on these distributions was estimated at an average of 11.5

YPLL per death for Campylobacter, 14.4 for L. monocyto-
genes, 16.8 for Salmonella and 9.0 for norovirus.

DISCUSSION
The enhanced surveillance estimates are based on details
obtained from individual cases and as such are likely to be
by far the most accurate. These data are only available for
E. coli O157 and L. monocytogenes. Although there may be
some under-reporting, due to the serious nature of these
illnesses this is believed to be small. Despite the relatively
low estimate for E. coli O157, it is a potentially harmful
illness with around 3.6% (based on the enhanced surveil-
lance data for England between 2009 and 2018) of cases
developing haemolytic uraemic syndrome, a condition
which can cause acute renal failure.®

Testing for C. perfringens is normally only performed
during outbreaks (IID2 study) and so is largely undi-
agnosed, with the IID2 study giving an ascertainment
ratio of 2519 (95% CrI 891 to 7179), that is, for every
one confirmed case there are an additional 2519 in the
community. This means models 3 and 4 are based on very
little data for this pathogen, which for model 3 results
in small estimates and for model 4 very large Crls. For
C. perfringens, unlike the other pathogens, there is more
data available from outbreaks than there is from hospital

6
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Table 4 Estimates of the number of deaths due to foodborne disease in the UK per annum

Model 1 Model 2 Model 3 Model 4
Average 2001-12 scaled
Year(s): 2018 2018 up to 2018 by population 2018
HES proportion of
Proportion deaths in Death certificate plus discharges due to
Enhanced surveillance outbreaks expert opinion death
Pathogen Central 95% Crl  Central 95% Crl Central 95% Crl Central 95% Crl
Bacteria
Campylobacter - - 169 (20to719) 7 (8to 12) 21 (810 47)
Clostridium - - 25 (1 to 163) 0 (Oto1) 110 (19 to 2324)
perfringens
Escherichia coli 1 (1to 1) 39 (2 to 650) - - - -
0157
Listeria 26 (24t028) 30 (16 to 49) 21 (17 to 25) 20 (7 to 28)
monocytogenes
Salmonella - - 145 (@7 to 757) 22 (20 to 24) 33 (7 to 159)
Shigella - - 4 (0 to 45) 0 (0to 0) 0 (0to 0)
Protozoa
Cryptosporidium - - (0to0) 0 (0to 0) 0 (0to 3)
Giardia - - 0 (0to 0) 0 Oto 1) 0 Oto 1)
Viruses
Adenovirus - - 0 Oto0) - - 0 Oto2)
Norovirus - - 445 (236 to 751) 4 (8to 6) 56 (82 to 92)
Rotavirus - - 0 (0to 0) 0 Oto0) 0 (0to 0)

Crl, credible interval; HES, hospital episode statistics.

discharges: 96 outbreaks with 3098 cases in England and
Wales between 2001 and 2016, compared with 39 hospital
discharges in England over the same period (see table 1
and table 5). In contrast, Campylobacter was associated
with 147 outbreaks with 2950 cases but 36895 hospital
discharges. Therefore, the best model for C. perfringens is
more likely to be model 2.

For the other eight pathogens, model 4 may be the
most appropriate as it builds more directly on the ascer-
tainment ratios from the IID2 study and the estimates
of hospitalisations in the IID2 extension. Model 3 is

100%
90%
80%
70%
60%
50%
40%
30%

20%

10%
0% =] == -

Campylobacter

L. monocytogenes Salmonella Norovirus

m0-24 m25-49 50-74 75+

Figure 1 Proportion of deaths by age band. Source: Office
for National Statistics.

based largely on direct diagnosis (whether primary or
secondary diagnosis) and so may not adequately consider
under-reporting. While model 2 does take account of
under-reporting, it tends to produce larger Crls than the
other models being based on less data. Even so, other
than for norovirus, the median estimates of the other
models often fall within the Crls of model 2 and as such
the results from this model are not inconsistent with the
other models.

A major assumption for model 4 is that the pathogen
for which the individual was admitted to hospital for
was either the cause of death or an important contrib-
utory factor. Without individual patient data (which we
did not have access to), this is hard to verify. Comparing
the ONS death certificate data and the HES data gives us
some reassurance for this assumption. Table 6, column
B gives the number of deaths where the pathogen is the
underlying cause on the death certificate and the place
of death was an NHS hospital for England and Wales
between 2001 and 2012. Column C gives the number of
patients who died where the primary cause of admission
was the pathogen (financial years 2000-01 to 2002-13,
scaled up from England to England and Wales based on
population).

In all cases, other than adenovirus, numbers from the
hospital data are slightly higher. However, if we consider

Holland D, et al. BMJ Open Gastro 2020;7:6000377. doi:10.1136/bmjgast-2020-000377

7



Open access

|I

% Discharges where method

Pathogen Method of discharge: died Total discharges of discharge is died

Campylobacter 216 36895 0.6

Listeria monocytogenes 206 1234 16.7

Shigella 5 1611 0.3

Cryptosporidium 23 2238 1.0

Viruses

Norovirus 234 7611 3.1

Source: NHS Digital.

the breakdown of deaths from model 3 (table 2), the
proportion of those which were recorded as the under-
lying cause compared with the total is similar to the
ratios detailed above. As all the deaths in model 3 have
a direct reference to the pathogen concerned this could
mean that the primary cause of admission may well have
been a major contributor recorded on the death certif-
icate, if not the underlying cause. The pathogen where
there is the biggest difference between the ONS and
HES numbers in absolute terms is Campylobacter. It is also

the pathogen which is most often mentioned on a death
certificate when the underlying cause is a generic code
indicative of infectious intestinal disease (table 7), which
could explain this discrepancy. The reason for this is not
known, but it could indicate less general familiarity with
the ICD-10 code for Campylobacter than other pathogens.

A further question is, if the cause of death on the death
certificate is not always recorded as the specific pathogen,
what is the cause of death given? This is difficult to know,
but there are various non-specific ICD-10 codes that

Deaths from ONS death
certificates where pathogen was
underlying cause and place of
death was NHS hospital’

(Column B)

Hospital episodes statistics
where primary cause of
admission was pathogen and
discharge method was died?

(Column C)

~Ratio of column C
divided by column B

Pathogen

Campylobacter 67 155 231%

—_
(0]
e
-
(o]
=

Salmonella 112%

Protozoa

Giardia

w
;]

167%

Adenovirus 17 10 59%

Rotavirus 18 24 133%

Source: ONS and NHS Digital. Note that the HES data were for England so was scaled up by population and covers financial years.
ONS, Office for National Statistics.
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Table 7 Underlying cause of death when pathogen is mentioned on the death certificate as text: 2001-2012

Underlying cause of death

Pathogen mentioned in text on death certificate

ICD-10 ICD-10 description Campylobacter Listeria Salmonella Norovirus Rotavirus

A048 Other specified bacterial intestinal 5 0 3 0 0
infections

A049 Bacterial intestinal infection, unspecified 6 0 0 0 0

A083 Other viral enteritis 0 0 0 7 2

A084 Viral intestinal infection, unspecified 0 0 0 5 3

A09 Diarrhoea and gastroenteritis of 7 0 0 5) 0
presumed infectious origin

A090 Other and unspecified gastroenteritisand 0 0 0 4 0
colitis of infectious origin

A099 Gastroenteritis and colitis of unspecified 2 0 3 7 1
origin

A498 Other bacterial infections of unspecified 21 1 3 0 0
site

A499 Bacterial infection, unspecified 0 2 0

B948 Sequelae of other specified infectious and 0 0 0 0
parasitic diseases

G610 Inflammatory polyneuropathy Guillain- 1 0 0 0 0
Barré syndrome
Total 42 2 12 28 6

Source: Office for National Statistics.
ICD-10, Tenth Revision of International Classification of Diseases.

could be used. Of the more likely codes, 343 deaths were
recorded on average each year against the following three
codes combined: A084 Viral intestinal infection, unspec-
ified, AO90 Other and unspecified gastroenteritis and
colitis of infectious origin and A099 Gastroenteritis and
colitis of unspecified origin. This figure was for England
between 2001 and 2017 as recorded in ONS mortality
dataset. This could explain a large part of the difference
between the numbers of deaths recorded against each
pathogen on the death certificates and the estimates in
the models.

Converting the UK estimates to rate per 100000 person
years gives estimates of deaths for Campylobacter of 0.03
(95% CrI 0.01 to 0.07), C. perfringens 0.04 (95% CrI 0 to
0.25), L. monocytogenes 0.04 (95% CrI 0.04 to 0.04), Salmo-
nella 0.05 (95% Crl 0.01 to 0.24) and norovirus 0.08 (95%
Crl 0.05 to 0.14). By comparisons, the rates from WHO
for region Europe A (this was the region that included
the UK) were for Campylobacter0.06 (95% CrI 0.03 to 0.1),
L. monocytogenes 0.08 (95% CrlI 0.06 to 0.1), Salmonella 0.2
(95% CrI 0.1 to 0.3) and norovirus 0.05 (95% CrI 0 to
0.1). Other for L. monocytogenes the Cls overlap. No esti-
mates were produced for C. perfringensin the WHO study.
Previous rates for the England and Wales UK in 1995 did
not provide Crls. Based on a population of 51.2million
these estimates per 100000 person years are equivalent
to of 0.13 for Campylobacter; 0.24 for C. perfringens, 0.12
for L. monocytogenes, 0.52 for Salmonella and 0.02 for noro-
virus. Estimated rates for the Campylobacter, L. monocyto-
genes and Salmonella have all decreased. Old estimates for

C. perfringens and norovirus are within the new 95% Crls,
while norovirus has increased.

A strength of this work is that the main driver of esti-
mates of deaths for the different models comes from
different data sources namely enhanced surveillance,
outbreaks, death certificates, hospital episode data.
While there will be overlap between these sources with
some deaths appearing in more than one dataset, the way
the data are used in each model is quite different which
makes these estimates largely independent of each other,
giving credence to the broadly similar results. Conversely,
aweakness is that the distribution of proportion of deaths
due to food for each pathogen is the same in each model
and hence any inaccuracies in this estimate will impact
on all four models.

CONCLUSIONS
When using model 1 for E. coli O157 and L. monocytogenes,
model 2 for C. perfringens and model 4 for the other eight
pathogens, the five pathogens with the highest number of
estimated deaths due to food in order are: norovirus 56
deaths per year (95% Crl 32 to 92), Salmonella 33 deaths
(95% Crl 7 to 159), L. monocytogenes 26 deaths (95% Crl
24 to 28), C. perfringens 25 deaths (95% CrI 1 to 163) and
Campylobacter 21 deaths (95% Crl 8 to 47). The consider-
able overlap in the Crls means it is not possible to make
any firm conclusions on ranking.

Using the preferred model for each pathogen, a total
estimate of the number of deaths from all 11 pathogens
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was calculated for each iteration of the Monte Carlo
simulation. A distribution was produced from these
results. This gives an estimate of 180 deaths based on the
median of this distribution with 95% Crl of 113 to 359.
Most deaths occur in those aged over 75years.
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