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Abstract

Background: Understanding enteric disease outbreak sources, burden of illness, mode of transmission and
use of interventions informs planning, policy development and prevention programs.

Objective: To describe trends in enteric disease outbreaks investigated in British Columbia (BC) between
2009 and 2013.

Methods: An analysis was conducted of enteric disease outbreaks that had been entered into a national,
secure web-enabled outbreak reporting system using the Canadian Network for Public Health Intelligence
(CNPHI) and investigated in BC between January 1, 2009 and December 31, 2013. The data included
information on pathogen, number of cases, hospitalizations, deaths, setting, mode of transmission, source,
factors that contributed to the outbreak and interventions. Residential facility-based viral outbreaks and
outbreaks associated with international travel were excluded.

Results: There were 104 outbreaks investigated in BC between 2009 and 2013. Ninety-three were reported
by BC organizations and 11 were national outbreak investigations reported by the Public Health Agency of
Canada (PHAC). There was an average of 21 outbreaks per year. Overall, the annual rate of foodborne
outbreaks in BC was 2.8 per one million population. Seventy-nine (76%) outbreaks had a pathogen
identified, most commonly norovirus, Salmonella and E. coli. There was a total of 108 hospitalizations (3.8%
of all cases) and two deaths (0.1% of all cases); one caused by botulism, the other by E. coli 0157. Food
service establishments were the most common setting (33.7%), followed by the community (24.0%) and
private functions (12.5%). The food types most often reported were fruits and vegetables, meat and seafood.
The data showed a pathogen-food source combination between Salmonella and eggs.

Conclusion: This is the first publication summarizing trends in enteric disease outbreaks in BC including
assessing sources, burden and interventions. Ongoing reporting and analysis of outbreak data in BC will
allow for improved assessment of trends in sources and pathogens over time and further understanding of
the effectiveness of interventions associated with outbreaks.

Introduction

There are an estimated 552,209 cases of domestically-acquired foodborne illness in British Columbia (BC)
each year (unpublished data, BC Centre for Disease Control and Public Health Agency of Canada, 2014).
Although only a small proportion of these cases are associated with confirmed outbreaks (0.8-2.5% of all
cases) (1), outbreaks are a valuable source of information on sources of illness, burden of iliness, modes of
transmission and interventions (2). This information can be used by public health authorities, policy-makers,
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food safety professionals and the food industry to set priorities and to plan and implement prevention
programs. The province of BC implemented enteric disease outbreak surveillance in 2008 to describe trends,
improve understanding, conduct source attribution and evaluate interventions and resource use.

The objective of this study is to describe trends in enteric disease outbreaks investigated in BC between
2009 and 2013 as well as to conduct source attribution and describe interventions.

Methods

Gastroenteritis epidemics are reportable in BC (3). In August 2008, a national, secure web-enabled outbreak
reporting system, using the Canadian Network for Public Health Intelligence (CNPHI), was launched in BC
and enteric disease outbreaks are entered by all local health authorities and by the BC Centre for Disease
Control (BCCDC) into this system. This CNPHI system is also used by other jurisdictions across Canada.

A gastrointestinal outbreak in the system is defined as one of two types: Community Outbreak: two or more
unrelated cases with similar illness that can be epidemiologically linked to one another, i.e., associated by
time and/or place and/or exposure and Institution Outbreak: three or more cases with similar illness that can
be epidemiologically linked to one another, i.e., associated by exposure within a four-day period in an
institutional setting.

All data is entered electronically (retrospectively) and includes information on pathogen, number of cases,
hospitalizations, deaths, setting, mode of transmission, source, factors that contributed to the outbreak and
interventions. Each local health authority is responsible for entering outbreaks investigated within their
jurisdiction into the system. The BCCDC enters multi-regional outbreaks and the Public Health Agency of
Canada (PHAC) enters multi-provincial/territorial outbreaks.

This report includes data on reported enteric disease outbreak investigations initiated between 2009 and
2013 in BC. National outbreaks (reported by PHAC) that involved cases residing in BC were also included.
Residential facility-based viral outbreaks and outbreaks associated with international travel were excluded.

Data were extracted on March 6, 2014 and for national outbreaks on June 5, 2014. Comparison between
outbreaks reported as foodborne and person-to-person transmission was conducted for setting, contributing
factors and interventions. Source attribution was conducted using only outbreaks reported as foodborne.
Outbreaks were associated with food handlers if a pathogen was identified in a food handler or an infected
food handler was identified. Year and month of the outbreak investigation were based on the date the
investigation started. Outbreak duration was calculated using the earliest and last symptom onset dates
reported.

Results

There were 104 outbreaks investigated between 2009 and 2013. Ninety-three were reported by BC
organizations and 11 were reported by PHAC. There was an average of 21 and median of 22 outbreaks
investigated each year, with a range of 16-26 outbreaks per year (Figure 1). There was an approximately
40% increase in outbreaks investigated in 2011 which was sustained in 2012 and 2013. The annual rate of
foodborne outbreaks in BC was 2.8 outbreaks per one million population.
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Figure 1: Number of enteric disease outbreaks reported by year, British Columbia (N=104)
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There were 50 (48.1%) bacterial and 42 (40.4%) viral outbreaks reported. Seventy-nine (76.0%) of all
outbreaks had a lab-confirmed pathogen identified (Table 1). The pathogens most commonly reported were
norovirus, Salmonella and E. coli (Table 2). Enteritidis was the most commonly reported serotype of
Salmonella (n=13, 50.0%) and all E. coli outbreaks were caused by E. coli 0157.

There were a total of 2,134 outbreak-related (clinical and lab-confirmed) cases (Table 1). The majority were
clinically identified (76.4%) and outbreaks caused by viral pathogens had the largest number and proportion
of clinical cases. Of all cases, 108 (5.1%) resulted in hospitalizations. Outbreaks caused by bacteria led to
the largest number and proportion of hospitalizations (81, 75.0%). Of the hospitalizations, the pathogens with
the largest number and proportion were Salmonella (38, 35.2%), E. coli (37, 34.3%) and norovirus (10,
9.3%). Two deaths were due to a bacterial infection (Table 1), one by botulism and the other by E. coli 0157.

There was an average of 20.3 cases per outbreak. Outbreaks caused by viral pathogens had the largest
average number of cases (29.0) and outbreaks caused by yeast/fungi had the smallest (7.0). Outbreak
duration had a median of four days. Outbreaks caused by bacterial and parasitic outbreaks had a notably
longer duration, 11 and 16 days respectively (Table 1).

Table 1: Characteristics of enteric disease outbreak investigations by pathogen type,

British Columbia, 2009-2013

Characteristic Bacterial Viral Parasitic | Unknown ctTgr);IiT:;I \f(SﬁZti/ Total
(n=50) (n=42) (n=2) (n=4) (n=5) (n=1) (n=104)

Number (%) of lab- 49 23 2 0 5 0 79
confirmed outbreaks (98.0%) (54.8%) (100%) (0%) (100%) (0%) (76.0%)
Total number of lab- 398 80 12 0 12 0 502
confirmed cases
Total number of 351 1138 16 45 75 7 1632
clinical cases
Average number of 14.9 29.0 22.0 11.3 15.4 7.0 20.3
cases  outbreak
Total number and % 81 20
of hospitalizations (75.0%) (25.0%) 0 0 ! 0 108
Total number and % 2 (100%) 0 0 0 0 0 5
of deaths 0
Median duration in
days of outbreak 11 4 16 1 0 0 4
based on dates of (0-234) (0-137) (0-2) (0-11) (0-234)
onset (range)

*Includes both laboratory confirmed and clinical.
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Table 2: Enteric disease outbreaks by pathogen, British Columbia, 2009-2013

Pathogen Number (%)
Norovirus 38 (36.5%)
Salmonella 26 (25%)
Escherichia coli 12 (11.5%)
Clostridium botulinum 3 (2.9%)
Campylobacter 2 (1.9%)
Hepatitis A 2 (1.9%)
Histamine poisoning 2 (1.9%)
Shellfish poisoning” 2 (1.9%)
Staphylococcus 2 (1.9%)
Other” 7 (6.7%)
Unknown® 8 (7.7%)
Total 104

! Paralytic Shellfish Poisoning (1), Diarrhetic Shellfish Poisoning (1).

2 Aeromonas (1), toxin/chemical (1), Cryptosporidium (1), Cyclospora (1), Shigella (1), Clostridium perfrigens (1), Clostridium difficile (1).

® This number includes one outbreak reported as bacterial-unknown, two viral-unknown and one yeast/fungi unknown as well as four where the
pathogen causing the outbreak was unknown. In Table 2, four of these are categorized into their higher-level groups.

Foodborne exposure was the most common mode of transmission (59.6%) (Table 3). Of the 62 foodborne
outbreaks, 40 (64.5%) were caused by bacteria. The most common cause was Salmonella (n=22). Of the
person-to-person outbreaks, 22 (95.7%) were caused by viruses, all norovirus.

Food service establishments were the most common outbreak setting (33.7%), followed by community
(24.0%) and private functions (12.5%) (Table 3). Outbreaks at food service establishments were caused by
food as well as person-to-person transmission. Of the eight person-to-person outbreaks in food service
establishments, only two documented ill food handlers as the source. Person-to-person outbreaks had a
higher proportion of outbreaks associated with facilities (e.g., hospitals, schools, hotels) (Table 3).

Table 3: Enteric disease outbreaks by mode of transmission and setting, British Columbia,
2009-2013

Outbreak Foodborne Person-to- | ;1 nown Other! Waterborne Total
setting person

Food service o o o o o o
eomblienmont 24 (38.7%) 8(34.8%) | 1(8.3%) | 2(25%) 0 (0%) 35 (33.7%)
Community 17 (27.4%) 2 (9%) 5 (41.7%) | 1 (12.5%) 0 (0%) 25 (24%)
Private function | 10 (16.1%) 3 (13%) 0 (0%) 0 (0%) 0 (0%) 13 (12.5%)
Institutional® 5 (8.1%) 4(17.4%) | 1(8.3%) | 1(12.5%) 0 (0%) 11 (10.6%)
g‘;ﬁi't'y”gs“t““"”a' 0 (0%) 3(13.0%) | 1(8.3%) | 0 (0%) 0 (0%) 4 (3.8%)
;‘zﬁ@a“ona' 0 (0%) 2 (8.7%) 0(0%) | 1(12.5%) 0 (0%) 3 (2.9%)
gﬂe‘;{ﬁ éha” one 3 (4.8%) 1 (4.3%) 1(8.3%) | 1(12.5%) 0 (0%) 6 (5.8%)
Other 2 (3.2%) 0 (0%) 2 (16.6%) | 2 (25%) 0 (0%) 6 (5.8%)
Unknown 1 (1.6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%)
Total 62 (59.6%) | 23 (22.1%) | 11 (10.6%) | 8 (7.7%) 0 (0%) 104

¥ Includes animal-to-person, environment-to-person, other, multiple
2 Includes both non-residential and residential.
® Examples include: schools, hotels, hospitals.

A food source was identified in 45 (72.6%) of the foodborne outbreaks (Table 4) and were most often
reported to be fruits and vegetables, meat and seafood. Fruits and vegetables, which included fresh, frozen
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and canned fruits and vegetables, were associated with the largest number of different pathogens (n=5).
Among the 14 outbreaks caused by Salmonella, where a source was identified, eggs were the main cause in
five of the reported outbreaks (35.7%). The only dairy-related outbreak was caused by unpasteurized
cheese. Norovirus caused ten foodborne outbreaks and a source was identified in nine of them. Norovirus

outbreaks were caused by seafood, mixed foods, fruit and vegetables. In eight of the outbreaks with a
source and the single outbreak without a source, an infected food handler was identified as the contributing

factor (data not shown).

Table 4: Foodborne outbreaks by pathogen and source, British Columbia, 2009-2013

Clostridium | Escherichia | Hepatitis Noro- Shellfish Staphylo- 2 Un-

o e botulinum coli A virus selwenclz poisoning ! | coccus oulel known e
Fruit and 1 1 1(4) 3 3 0 0 0 1 10
vegetables
Meat® 0 4 0 0 4(5) 0 1 0 0 9
Seafood 1 0 0 2(6) 0 4(7) 0 0 1 8
Mixed 0 0 0 3 0 0 1 1 2 7
Foods
Eggs 0 0 0 0 5(8) 0 0 0 0 5
Dairy
Products 0 1 0 0 0 0 0 0 0 1
Sauces/

Condiments 1 0 0 0 0 0 0 0 0 1
Unknown 0 2 2 10 0 0 4 2 21
Total 3 8 10 22 4 2 5 6 62

1PSP (1), DSP (1), Histamine (2)

2pAeromonas (1) Campylobacter (1), C. perfringens (1), Cyclospora (1), Shigella (1)
% Included beef (2) chicken (3), deli meat (1), turkey (1) veal liver (1) and haggis (1)

Foods which led to the largest number of cases were caused by eggs (n=196), mixed foods (n=168) and
seafood (n=139). These foods accounted for 45.5% of all foodborne outbreak cases.

The most common contributing factors among foodborne outbreaks were associated with the process of food
production (e.g., critical control point failures, inadequate cooking, cross contamination). Among
person-to-person outbreaks, common contributing factors were related to exposure to another ill person,
another case or a contaminated environment (Table 5).

Table 5: Contributing factors for foodborne and person-to-person outbreaks, British Columbia,

2009-2013

Contributing Factor Foodborne (N=62) Person to person (N=23)
Critical control point failure 17 (27.4%) 1 (4.3%)
Cross contamination 11 (17.7%) 3 (13%)
Ihmpr_oper temperature (e.g., cooling or hot 12 (19.4%) 0
olding)
Inadequate re-heating 1 (1.6%) 0
Infected food handler 11 (17.7%) 2 (8.7%)
Inadequate cooking 12 (19.4%) 0
Poor hygiene 8 (12.9%) 6 (26.1%)
Personal caregiver contact 0 2 (8.7%)
Exposure to confirmed/probable cases 1 (1.6%) 7 (30.4%)
Inadequate environmental sanitation 5 (8%) 3 (13%)

The most common interventions used to control outbreaks were education, sanitizing the facility and
cohorting cases/staff (Table 6). For person-to-person outbreaks education and sanitizing the facility were the
most common interventions. Foodborne outbreaks most often reported a food recall and closing a facility as
an intervention, compared to person-to-person outbreaks which reported restricting admissions/transfers or

visitors and cohorting cases or staff. Seven foodborne outbreaks reported a policy change as an

intervention. A press release was issued for ten outbreaks; nine foodborne and one person-to-person
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outbreak. Education was the most common intervention used across all food sources. Recalls were used
most often for meat (5), seafood (2) and fruit (2). Sanitizing the facility was performed in outbreaks caused by
eight different food sources.

Table 6: Interventions used to control foodborne and person-to-person outbreaks,
British Columbia, 2009-2013

Intervention Foodborne (N=62) Perso(r:\l-tzgép)erson &Tzeor) Total
Education 36 (59%) 15 (24.6%) 10 (16.4%) 61
Sanitize facility 13 (40.6%) 9 (28.1%) 10 (31.3%) 32
Cohort cases or staff 2 (11.8%) 8 (47.1%) 7 (41.2%) 17
Exclude staff 7 (46.7%) 5 (33.3%) 3 (20%) 15
Recall 12 (100%) 0 0 12
Restrict facility
admissions/transfers and/or 2 (18.2%) 7 (63.6%) 2 (18.2%) 11
visitors
Press release 9 (90%) 1 (10%) 0 10
Close facility 6 (66.7%) 1(11.1%) 2 (22.2%) 9
Policy change 7 (100%) 0 0 7
Immunize susceptible 1 (100%) 0 0 1
contacts
Boil water advisory 0 0 0 0

Discussion

Over the five year time period, a notable number of reported enteric disease outbreaks caused a significant
burden of illness in BC. An increase in the number of outbreaks reported between 2011 and 2013 likely
reflects efforts to improve reporting of outbreaks. This also included a decision to stop reporting viral
outbreaks in residential-facilities as of July 2011, which may have improved the reporting of outbreaks
caused by other modes of transmission settings and sources. This exclusion does limit the ability to count
the total number of enteric disease outbreaks caused by all sources, pathogens and settings at a provincial

level.

Norovirus was the most common outbreak cause followed by Salmonella. Both of these are in the top five
pathogens causing domestically-acquired foodborne illness in BC (unpublished data. BC Centre for Disease
Control and Public Health Agency of Canada, 2014). These are also the most common pathogens that
cause outbreaks in the US (2). Viral outbreaks caused the largest number of cases and bacterial outbreaks
were responsible for more hospitalizations and deaths. Bacterial, parasitic and toxin/chemical outbreaks
were more frequently lab-confirmed compared to viral outbreaks. This is likely because viral outbreaks may
be investigated and managed without laboratory diagnosis, are self-limited and not associated with severe

presentation.

The proportion of hospitalized (3.8%) is comparable with the US (3.4%) and lower than European data
(13.8%) (2,10). The case-fatality rate (0.1%) is lower than the US (0.7%) but slightly higher than European
data (0.03%) (2,10). In the US and BC, Salmonella, E. coli and norovirus caused the largest number and
proportion of hospitalizations. These similarities may be due to the fact that in both countries more severe

cases are more likely to be tested and lab-confirmed. The difference between the proportion of

hospitalization in Europe may be impacted by the more severe diseases included such as toxoplasmosis and
tularaemia. The difference in proportion of deaths between BC, the US and Europe may be due to small

numbers.

The annual rate of foodborne outbreaks in BC (2.8 per one million population) is lower than the US rate of

4.8 per one million population (2). This may be due to different systems and methods of reporting.

Food service establishments were the most common setting for all outbreaks (34%) in BC. Among
Salmonella outbreaks in BC, food service establishments were still the most common setting and made up
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47.6% of outbreaks. This is similar to the US where food prepared in a restaurant or deli was also the most
common setting for foodborne outbreaks with a single place of food preparation, although these accounted
for a larger proportion (68%). New Zealand reported commercial food operations were the second most
common location for Salmonella outbreaks (31%) while the home was the most common setting reported
(2,9).

The majority of outbreaks were foodborne (59.6%) with Salmonella causing the largest proportion of
foodborne outbreaks (35.8%). Of the Salmonella outbreaks, 84.6% were foodborne which is higher than
New Zealand (63%) (9). Salmonella was also the most common cause of foodborne outbreaks reported in
Europe (10).

The source of exposure was identified for 72.6% of foodborne outbreaks. This is higher than what was
previously reported for BC and other jurisdictions (11,12). This may be because outbreaks with an identified
source are more likely to be reported. Produce, meat and seafood were the most common foods (16%, 15%
and 13% respectively). Produce caused more outbreaks than meat, eggs and dairy products. US analysis
identified meat products as the top source of foodborne outbreaks, with a change in more recent years to a
larger proportion of outbreaks caused by leafy vegetables (2). Produce-associated outbreaks have increased
in North America (13,14,15). Monitoring these trends through outbreak data will enable re-prioritization of
prevention efforts.

These data show an association between Salmonella and eggs. During this time period, BC investigated a
large, protracted outbreak of Salmonella Enteritidis (SE) associated with eggs (8). SE outbreaks were still
most commonly caused by eggs in the US, but a decrease in Salmonella outbreaks caused by eggs over
time was noted (2). European data demonstrated that eggs and egg products were the most important food
vehicles for Salmonella (10). Food-specific attribution has been done previously in Canada twice using
expert elicitation and once using outbreak data (16,17,18). All three identified poultry meat as the most likely
source of Salmonella infections. Eggs were identified as the second most common source among the expert
elicitations. The expert elicitations also demonstrate a large proportion of enteric bacterial infections are
attributed to produce which is comparable with the findings of this study (16,17).

Outbreaks are a validated source attribution data. Strengths of outbreak data include: a clear link between
the pathogen and food, availability of data over time and the inclusion of a wide-variety of food items that
may not be represented using other methods (9). However, not all outbreaks are investigated and reported
and data from all systems may not be directly comparable (19,20).

Food handlers were identified as the contributing factor of nine norovirus outbreaks. This emphasizes the
need for improved education and resources for food handlers and their employers and interventions to
identify and exclude ill workers in a timely way.

Education and sanitizing the facility were the most commonly used interventions. Other interventions, such
as recalls or policy changes are applied less often as they require identification of a specific food source or
issue. Interventions are impacted by the setting they occur in, particularly those related to institutional
settings where person-to-person transmission may be more common. However, it is not possible to comment
on whether the interventions used were effective at preventing further cases as dates of the interventions
were not available. Literature is limited regarding the effectiveness of outbreak interventions, particularly
those that are widespread or community-based. Further investigation would assist decision-making, resource
allocation and outbreak investigations.

While this analysis has demonstrated that the surveillance system is meeting its objectives there are
limitations. The focus is on a small number of outbreaks which were reported over a short period of time.
Therefore, more specific analysis by pathogen or by assessing trends over time is not possible. This
limitation will be overcome eventually as more outbreaks are reported. In addition, the system relies on
public health authorities to enter outbreaks in their jurisdiction. While processes have been established to
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verify entry of known outbreaks, it is possible that not all outbreaks are identified, investigated and reported.
Finally, decentralized data entry may also impact data quality. When data quality issues are identified,
standards or system improvements are developed.

Conclusion

Surveillance of enteric disease outbreaks in BC provides information on trends, sources, settings and modes
of transmission. These data have been used to inform technical and risk assessment, reports and
publications. Further data and analysis could be used to inform local food safety priorities, develop
messaging targeting pathogen-food combinations or direct resources at specific interventions.

Ongoing reporting and analysis of outbreak data in BC will allow for improved assessment of trends in
sources and pathogens over time and further work to understand the effectiveness outbreak of interventions.
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