
INFECTIOUS DISEASES

Over the last 50 years, the incidence of infectious
diseases, and the deaths that result from them,
have fallen dramatically. Successful vaccination
programs have almost eradicated diseases such as
tetanus and diphtheria and substantially
decreased the burden of illness associated with
diseases such as measles, Haemophilus influenza
type b (Hib), and pertussis. 

Thirty years ago, we began to see complacency
about infectious diseases: people no longer
considered them to be a serious threat. Since
then, however, many new infectious diseases
have emerged, and others thought to be almost
eliminated have resurfaced. With modern
patterns of travel and trade, infections can be a
serious problem, and outbreaks of food-borne
and waterborne diseases still occur. Continued
vigilance and careful attention to basic practices
such as surveillance of diseases, safe sex, hand
washing and infection control in hospitals are
necessary now more than ever.

Chronic disease � Infectious cause?

Driven in part by the aging of the
population, Canadian health care 
is putting increased emphasis on
treating and preventing chronic illness.
Although many chronic diseases are
the result of lifestyle factors, new
research also suggests that some
chronic diseases might be caused 
by infections. The list of chronic 
diseases suspected of having 
infectious causes includes:
Chronic disease Infectious organism
Liver cancer, Hepatitis B and C virus
chronic hepatitis

Cancer of cervix Human papilloma virus 
(HPV)

Hodgkin’s disease Epstein-Barr virus (EBV)

Anemia, Arthritis Parvovirus B19

Peptic ulcer Helicobacter Pylori
disease, stomach 
cancer

Creutzfeldt-Jacob Prions
disease

Did You Know?
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VACCINE-PREVENTABLE DISEASES

Immunization is one of the most effective tools
public health organizations have at their disposal.
Every year around the world, immunizations save
countless lives, avert disability and help reduce
costs related to medical care.

Vaccine preventable diseases such as mumps,
measles, polio and rubella have historically been
a key focus of public health practice. With the
widespread introduction of immunization, the
incidence of vaccine-preventable diseases has
declined substantially (Table 13.1).

Despite the success of vaccines in controlling the
transmission of vaccine-preventable diseases,
public health officials must:

• Continue to develop and refine their
understanding on how long vaccines provide
protection

• Maintain high levels of coverage rates in the
population

• Ensure the public appreciates the importance of
the coverage rates in the population (herd
immunity) 

• Make certain that newcomers to Canada are
vaccinated
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Table 13.1
Vaccine Preventable Diseases: Then and Now 

†Maximum number of cases reported annually during this time period.
††Peak annual cases between 1986-1990. National reporting of invasive Hib disease began in 1986.
Sources: Canadian data from Canadian Immunization Guide, Seventh Edition – 2006. Comparison of Effects of Diseases and Vaccines. 
Peel data from the integrated Public Health System (iPHIS), Peel Public Health, as of August 15, 2008

  Canada:  
 Canada – Pre-vaccine Era: 2000–2004†   

 Time  Number  Number of  Per cent  
Disease Period of Cases Cases Change Peel 

Measles 1950–1954 61,370† 199 99% In 1995, prior to the  
     two dose vaccine  
     campaign, there  
     were 441 cases of
     measles reported.
     One case of  
     measles, related to
     a provincial  
     outbreak, was  
     reported in Peel in
     2008.  

Mumps 1950–1954 43,671† 202 99% There have been  
     no cases of mumps  
     in Peel since 2005.

Rubella 1950–1954 37,917† 29 99% There have been  
     no cases of rubella  
     in Peel since 2005.

Polio 1950–1954 1,584† 0 100% Canada was  
     certified polio-free  
     in 1994; Peel has  
     not seen a case of
     wild poliovirus  
     since the 1970s.

Invasive  1986–1990 526†† 17 97% Between 1996 
Haemophilus      and 2008, there 
influenzae      were four cases of
type B (Hib)      Hib in Peel; the 
in children      last Hib case was 
< 5 years     reported in 2008.
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A number of recent outbreaks of vaccine-
preventable diseases highlight the importance of
maintaining appropriate levels of immunization
coverage.

In spring 2008, a measles outbreak was reported
in Ontario, resulting in 45 confirmed cases. The
majority of the cases were among people who
had never been immunized for measles or who
had received only one dose of the measles
vaccine. Peel had one confirmed case of measles.

In February 2007, a mumps outbreak started in
Nova Scotia and led to 1,284 confirmed cases in
10 of Canada’s provinces and territories. Most of
the cases (777) were reported in Nova Scotia, but
48 cases were discovered in Ontario, likely due to
travel by infected students. Most of the cases
were among people aged 20 to 29 years;
primarily university students. More than 90% of
the infected individuals had received either one
dose or no doses of mumps-containing vaccine.
In 2008, there were two more outbreaks in
British Columbia and Ontario, again within
unimmunized populations.1

In 2005, an outbreak of rubella was reported in
southwest Ontario, resulting in 214 cases. Most
of those infected had declined rubella vaccination
because of religious beliefs. The infection was
likely introduced by members of a community in
the Netherlands with close ties to the community
where the outbreak occurred.2

Only about one third of Peel residents 
receive the influenza vaccine

Another vaccine-preventable disease of great
concern for public health is influenza, or “the
flu.” Influenza is a highly infectious respiratory
disease. Compared to the common cold,
influenza is much more severe and can lead to
serious complications such as pneumonia,
particularly among older people and infants
under the age of one year.

In Ontario the vaccine for influenza is now
provided free to all Ontario residents aged six
months and older. Since the introduction of the
program, influenza-related hospital admissions
and deaths have decreased in comparison to other
Canadian regions without a universal program.3

In 2005, 36% of Peel residents and 43% of
Ontario residents reported that they had received
an influenza vaccination in the past year.C

In Peel in 2007/2008, 34% of hospital staff
received the influenza vaccine. In long-term 
care homes, 91% of residents and 71% of staff
were immunized.

Pandemic Influenza – Be Prepared

An influenza pandemic occurs when a new strain
of influenza virus spreads quickly worldwide,
infecting a large proportion of the population.
Just as we do not know when the next pandemic
will strike, we cannot predict how severe it will
be. The severity will depend on the nature of the
influenza strain, how easily the strain spreads,
which groups of people are affected and how
effectively we respond. Peel Public Health has
played a lead role in co-ordinating the pandemic
planning efforts of health care organizations in
Peel region.

In Peel, influenza immunization rates
were lowest among residents aged 
18 to 44 years.C This age group tends
to be responsible for caring for both
young children and elderly parents. 
To ensure the vulnerable people they
interact with are protected, it is
important that the immunization 
rate for people in this age group
remains high.

!
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Immunization

Universal or routine immunization programs aim
to protect a large proportion of the population,
thereby reducing the spread of infection and
incidence of disease. This goal is accomplished
by providing publicly funded vaccine to eligible
provincial residents through health care
professionals and centres. With high vaccine
coverage rates, herd immunity is achieved,
resulting in more effective protection of the small
proportion of individuals unable to receive
vaccination due to medical, religious or
philosophical reasons.  

Complications of disease are sometimes more
serious in adults. Adults should ensure they are
immunized with all routine vaccines. Many of
these vaccines are publicly funded and can be
given by a family physician.

International travellers might encounter diseases
that put their health at risk. Vaccines can help
protect against some of these diseases. Travellers
should consult with their local travel health clinic
well in advance of departure to learn about the
health conditions in the places they are visiting
and ways to prevent becoming ill.

Immunization is the primary means of
preventing influenza infection. Peel
Public Health provides vaccinations 
at annual community flu clinics and
distributes vaccine across the region
to physicians, pharmacists, hospitals,
long-term care homes, nursing agencies
and workplaces.

More information about child, adult
and travel immunization is available at
www.immunizepeel.ca

Adult boosters are required for 
some vaccines to “boost” the level of
protection a vaccine provides, since
protection can weaken over time. As
well, some people might benefit from
additional vaccines, depending on 
factors such as occupation, travel,
environment, lifestyle, age and under-
lying medical conditions.

?
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SEXUALLY TRANSMITTED AND
BLOOD-BORNE INFECTIONS

This chapter provides details about common
sexually transmitted infections (STIs) and
diseases transmitted through blood and body
fluids. Potential modes of transmission of these
diseases include the following: sexual activity;
the sharing of contaminated needles or other
injecting materials; blood, tissue or organ
transfusions or transplantations; tattooing and
body piercing; transmission between patients or
between patient and health care provider; and
transmission before, during and after birth from 
a mother to her infant (Table 13.2). 

Sexually transmitted infections continue to
present a challenge

Many people infected with chlamydia and
gonorrhea have no signs or symptoms of their
infection. If left untreated in females, chlamydia
and gonorrhea can lead to pelvic inflammatory
disease, which can result in tubal pregnancies
and infertility.

Syphilis is a sexually transmitted disease caused
by Treponema pallidum. End-stage (or tertiary)
syphilis can severely damage the heart, blood
vessels, nervous system, liver and eyes, and
sometimes results in death.

Sexually transmitted infections continue to 
present a challenge. The recent increases in 
the incidence of syphilis in some Canadian com-
munities have originated from syphilis outbreaks
among the population of men who have sex with
men.4 The high rates of chlamydia and gonorrhea
in the age groupings 10 to 19 years and 20 to 
29 years are especially concerning because 
pre-existing STIs increase the transmission risk
of human immunodeficiency virus (HIV).

In Peel, the incidence rate of 
chlamydia has increased over the last
10 years and is highest amongst
female teens and young adults.

!
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Table 13.2
Modes of Transmission by Disease

Disease Sexual Transmission Blood-borne Transmission

Chlamydia

Gonorrhea

Syphilis

HIV/AIDS

Hepatitis B

Hepatitis C      (rare)
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In Peel between 1990 and 2006 the incidence of
chlamydia increased by about 86%. Part of the
increase was due to improved detection methods
and case finding by physicians. Although Peel’s
incidence rates for gonorrhea have declined

overall since the early 1990s, they have remained
stable in recent years (Figure 13.1). Incidence
rates of chlamydia and gonorrhea are highest
among teens and young adults (Figure 13.2).
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Figure 13.1
Incidence of Selected Sexually Transmitted Infections,
Peel, 1990–2006

Age-standardized number of cases per 100,000†  in logarithmic scale

†Crude rate per 100,000 presented for HIV/AIDS. 
Sources: Integrated Public Health Information System (iPHIS), Peel Public Health, as of 12/05/2007
HIV/AIDS data as of 06/05/2007.
Population estimates 1985-2005 and projections 2006-2031, Provincial Health Planning Database (PHPDB), Ontario Ministry of Health and Long-Term Care.
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Figure 13.2
Incidence of Selected Sexually Transmitted Infections by Age Group and Sex,
Peel, 1997–2006 Combined

Sources: Integrated Public Health Information System (iPHIS), Peel Public Health, as of 12/05/2007.  HIV/AIDS data as of 06/05/2007.
Population estimates 1985-2005 and projections 2006-2031, Provincial Health Planning Database (PHPDB), Ontario Ministry of Health and Long-Term Care.
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HIV/AIDS

The human immunodeficiency virus (HIV)
attacks the immune system, predisposing an
individual to a variety of opportunistic infections.
Acquired immunodeficiency syndrome (AIDS) is
the advanced form of HIV infection. 

In Peel and Ontario, the incidence of HIV peaked
in the early 1990s and rates have remained stable
since 2003. The number of AIDS cases and
deaths has declined in the past 20 years. This
decline was most marked following the
introduction of anti-retroviral therapy in 1996
(Figure 13.3). Across most age groups, the
incidence rates of HIV and AIDS were higher
among males than females. The highest rate was
among males aged 30 to 39 years.

Between 1997 and 2006 in Peel, heterosexual
transmission and origin from an HIV-endemic
country became increasingly important risk
factors for HIV/AIDS. In Peel and Ontario, the
proportion of HIV/AIDS cases attributed to men
having sex with other men has decreased over
time.

During the last 20 years, the proportion of
HIV/AIDS cases reporting origin from an HIV-
endemic country has risen about nine-fold in
Ontario and 14-fold in Peel. Given Peel’s
demographic profile and projected immigration
patterns, this trend is likely to continue into the
foreseeable future (Figure 13.4 on next page). 

The incidence of HIV and AIDS in Peel
has been consistently lower than that
in Ontario. 

!
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Figure 13.3
Incidence of HIV Cases, AIDS Cases and Deaths,
Peel, 1986–2006

Year

†HIV and AIDS cases are crude rates per 100,000.  Death rates are age-standardized rates per 100,000.
Sources: HIV and AIDS incidence data from Integrated Public Health Information System (iPHIS), Peel Public Health, as of 06/05/2007.
AIDS death data from Ontario Mortality Database 1986-2003, HELPS (Health Planning System), Ontario Ministry of Health Promotion.
Population estimates 1985-2005 and projections 2006-2031, Provincial Health Planning Database (PHPDB),
Ontario Ministry of Health and Long-Term Care.
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BLOOD-BORNE INFECTIONS Hepatitis B

Hepatitis B is a chronic, transmissible and
preventable disease caused by the hepatitis B
virus (HBV), a sexually transmitted blood-borne
virus. The disease results in a wide spectrum of
health problems, ranging from no symptoms to
severe acute liver disease and long-term
complications such as cirrhosis and liver cancer.

In Peel and Ontario, the incidence of hepatitis B
has declined since the early 1990s (Figure 13.5).

In Ontario, hepatitis B vaccine is offered free of
charge to all grade 7 students as well as those
deemed to be at risk. Those considered at risk
include household contacts of hepatitis B
carriers, newborns of hepatitis B carrier mothers,
people with acute or chronic liver disease and
people who have had multiple sexual partners in
their lifetime.

The incidence of blood-borne 
infections has declined due to:

• Better blood screening within the
health care system

• Improvements in sharps management
in health care institutions (including
prevention of needle-stick injuries) 

• The availability of needle-exchange
programs

• Introduction of a publicly-funded
hepatitis B vaccine program

• Improvements in the use of personal
protective equipment (such as
gowns, gloves and masks) in health
care settings to minimize risk of
exposure to blood and other 
body fluids

• Routine hepatitis B screening as
part of prenatal care 

?
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Figure 13.4
Shifting Risk Factors for HIV/AIDS,
Peel, 1985–1996 and 1997–2006

Risk Factor

† MSM excludes MSM-IDU
Source: Integrated Public Health Information System (iPHIS), Peel Public Health, as of 06/26/2007.
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Hepatitis C

Hepatitis C is caused by the hepatitis C virus
(HCV), a blood-borne virus that attacks the liver.
The symptoms and complications of hepatitis C
are similar to those for hepatitis B but tend to be
milder. Most people diagnosed with hepatitis C
are chronically infected. The majority of acute
hepatitis C infections are due to injection drug
use, although some individuals acquired their
infections through blood transfusions before
routine screening of blood was implemented 
in 1989.

In Peel and Ontario, the incidence rates of
hepatitis C declined steadily between 1995 and
2006 (Figure 13.6 on next page). Nonetheless,
the number of prevalent cases of hepatitis C
remains high. The incidence rates of hepatitis C
were highest among those aged 30 years and older.

TUBERCULOSIS

Tuberculosis (TB) is one of the most common
human infections in the world, having infected
approximately one third of the world’s
population.5 While active tuberculosis most
frequently manifests clinically as pulmonary TB,
the disease can affect any organ or tissue. 

Mycobacterium tuberculosis is the bacterium
which causes tuberculosis. These bacteria are
transmitted through the air when someone with
active TB disease of the lungs or airways exhales.
Infection occurs when an individual inhales these
bacteria. This usually requires frequent and/or
prolonged exposure to someone with active TB.

As the natural history of pulmonary TB is
understood today, approximately 70% of persons
exposed to TB bacteria do not get infected while
30% develop infection. Among those infected,
only about 10% progress to active TB disease,
usually within two years. In the remaining 90% of
those who are infected, the infection is contained
in an inactive form by the immune system, a
condition termed latent TB infection (LTBI).6
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Figure 13.5
Incidence of Hepatitis B,
Peel and Ontario, 1990–2006

Age-standardized number of cases per 100,000

Sources: Peel incidence data from Integrated Public Health Information System (iPHIS), Peel Public Health, as of 12/05/2007.
Ontario data from iPHIS, Ontario Ministry of Health and Long-Term Care, June 2008. Please note that  data for 2005 and 2006 are
preliminary and are therefore subject to change.
Population estimates 1985-2005 and projections 2006-2031, Provincial Health Planning Database (PHPDB),
Ontario Ministry of Health and Long-Term Care.
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LTBI can become active TB disease if the
immune system becomes weakened by factors
such as illness, the use of immunosuppressive
medications, poor nutritional status or stress. The
risk of developing TB disease is highest in the
first two years after being infected. Those who
have active TB disease are symptomatic and, if
the disease affects the lungs or airways, it is
transmissible to others.

The risk of progressing from TB infection to
active TB disease can be greatly reduced through
the prophylactic use of antibiotics, usually for a
period of six to 12 months. Active TB disease is
also treated with antibiotics.

Drug resistant Tuberculosis

Drug-resistant TB may be acquired from another
person or develop from regular TB if the
treatment regime is not followed. 

Multi drug-resistant TB or MDR-TB refers to TB
that is resistant to isoniazid and rifampin, the two
most important “first-line” antibiotics.
Extensively drug-resistant TB (XDR-TB) can
develop when MDR-TB becomes resistant to
second-line drugs. Appropriate treatment for a
person with MDR-TB or XDR-TB disease
requires the use of complex medication regimes
for an extended period of time. These complex
treatments tend to have more side effects and are
not as effective as the first-line drugs.

Drug-resistant TB has become a significant
challenge worldwide and can be very expensive
to treat: a regular case of TB can cost up to
$47,000 to treat in Canada7, compared to the
costs of about $500,000 for a case of MDR-TB.8

The incidence of drug-resistant TB has doubled
in Canada since 1996.8 In Canada, it is estimated
that between 1 and 2% of TB cases are multidrug
resistant, with the majority of these cases (60%)
in Ontario. To date, there have been only two
recorded cases of XDR-TB in Canada: one
diagnosed in 2003 and the second, in 2006.9

Drug-resistant tuberculosis refers to
tuberculosis bacteria that do not
respond to the standard medications
used to treat TB. 
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Figure 13.6 
Incidence of Hepatitis C,
Peel and Ontario, 1995–2006

Age-standardized number of cases per 100,000

Sources: Peel incidence data from Integrated Public Health Information System (iPHIS), Peel Public Health, as of 12/05/2007.
Ontario data from iPHIS, Ontario Ministry of Health and Long-Term Care, June 2008. Please note that  data for 2005 and 2006 are
preliminary and are therefore subject to change.
Population estimates 1985-2005 and projections 2006-2031, Provincial Health Planning Database (PHPDB),
Ontario Ministry of Health and Long-Term Care.
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Peel has higher rates of tuberculosis than Ontario

The incidence of tuberculosis has been higher in
Peel compared to Ontario between 1990 and

2007 (Figure 13.7). To a large extent, this high
incidence rate is a reflection of the influx of large
numbers of immigrants to Peel region from
countries with high incidence rates of TB.
Among Peel cases of active TB disease between
2002 and 2006, approximately 95% were
foreign-born, with the vast majority reporting
India, the Philippines, Pakistan or Vietnam as
their country of birth (Figure 13.8 on next page).

With continued migration from TB endemic
countries into the region of Peel, it is expected
that demands on local TB control and prevention
services will continue into the foreseeable future.

An increasing number of people with active 
TB disease are living in multi-family homes. 
This has increased the complexity and the time
required to conduct contact investigations. In
addition, a growing number of TB cases that are
co-infected with other diseases, like HIV has
increased. The presence of co-infections changes
the course of tuberculosis, rendering treatment
more difficult and increasing the chances for the
development of drug-resistant TB. 

The role of public health in
Tuberculosis Control and Prevention

Public health workers play an important
role in controlling the spread of
tuberculosis. For people with active
TB disease, public health provides
support and assistance with prescribed
medications and monitoring for
potential medication side effects.

Public health workers also undertake
contact tracing to try to identify 
people who may have been exposed
to persons with active TB disease. This
allows exposed individuals the oppor-
tunity to undergo medical assessment
for TB infection, and where necessary,
treatment to prevent the likelihood of
progression from infection to disease. 

?
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Figure 13.7
Incidence of Tuberculosis,
Peel and Ontario, 1990–2007

Age-standardized number of cases per 100,000

Sources: Peel data from Integrated Public Health Information System (iPHIS), Peel Public Health, as of 09/09/2008.
Ontario data from iPHIS, Ontario Ministry of Health and Long-Term Care, June 2008. Please note that data from 2005 to 2007 are
preliminary and are therefore subject to change.
Population estimates 1985-2005 and projections 2006-2031, Provincial Health Planning Database (PHPDB),
Ontario Ministry of Health and Long-Term Care.
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ENTERIC ILLNESS

Enteric illnesses are infections of the digestive
system. Infected individuals frequently have
symptoms such as diarrhea, vomiting, fever and
abdominal pain, but enteric illness can also be
asymptomatic. Causes of enteric illness include
consumption of contaminated food or water and
contact with animals or people who are infected. 

Enteric disease is currently as well as historically
under-reported. Many people let the symptoms
run their course without seeing a physician, and
physicians may not collect diagnostic samples
when seeing patients with enteric symptoms.

While in Canada steps have been taken to
significantly reduce the risk of exposure to once
common enteric illnesses such as typhoid fever
and cholera, such illnesses are endemic in many
developing areas of the world and therefore can
be easily transported into Canada through travel
or immigration.11, 12

In Peel and Ontario between 1991 and 2006,
there was a decrease in the combined reported
incidence of 10 enteric diseases (amebiasis,
campylobacteriosis, cyclosporiasis, giardiasis,
hepatitis A, paratyphoid fever, salmonellosis,
shigellosis, typhoid fever, and yersiniosis). In
recent years, however, the rates have remained
relatively stable.

It has been estimated that only one
out of every 313 cases of enteric 
illnesses are reported to a health unit.
Thus, in 2006, there would have been
an estimated 369,600 cases in Peel
region if all cases were reported.10

!
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Figure 13.8
Proportion of Active Tuberculosis Cases by Country of Birth,
Peel, 2002–2006 Combined

Country of Birth

† Other includes several countries and unknown, not specified country of birth
Based on  587 TB cases between 2002 and 2006
Notes: Where the information was not available from iPHIS, historical data was retrieved from Reportable Diseases Information System (RDIS).
Sources: Integrated Public Health Information System (iPHIS) ,as of 09/09/2008, Historical Peel data from RDIS, as of 31/07/2006
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More cases are reported during the summer
months, with small increases between January
and March. The summer increase might be
associated with seasonal outdoor activities such
as camping that make hygienic food handling a
challenge. The winter increase might be
associated with holiday travel to sunny
destinations that are more likely to have
contaminated water sources and, perhaps, less
rigorous food-safety practices (Figure 13.9).

Peel Public Health closely monitors food
handling in many food premises through regular
inspections. A food premise is a place where
food is manufactured, processed, prepared, stored,
handled, displayed, distributed, transported, sold
or offered for sale.

While some cases of food-borne enteric disease
are associated with eating at food premises, the
majority of food-borne illnesses result from eat-
ing foods prepared in private homes.

The Peel Public Health food inspection
disclosure program requires inspected
food premises to post a summary
inspection report at their main
entrance. All food safety inspections
are also posted on the internet at
www.foodcheckpeel.ca.

Food and Water Safety Tips 

• Food handler hygiene: Food 
handlers should always wash their
hands (for at least 20 seconds) with
soap and water before handling food
and anytime after contamination
may have occurred 

• Temperature control: Keep hot
foods hot (60°C or higher) and cold
foods cold (4°C or colder)

• Cook meats to the proper internal
temperatures

• Separate raw meat from cooked
and ready to eat foods

• Clean and sanitize kitchen equipment
and food contact surfaces

• Regularly test water, if it is from 
a private source

?
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Figure 13.9
Number of Selected Enteric† Diseases by Month,
Peel, 2006

Number of cases

† Ten enteric diseases were combined: (amebiasis, campylobacteriosis, cyclosporiasis, giardiasis, hepatitis A, paratyphoid fever,
salmonellosis, shigellosis, typhoid fever, and yersiniosis) 
Source: Integrated Public Health Information System (iPHIS), Peel Public Health, as of 12/05/2007.
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The following examples of food-borne illnesses
demonstrate the importance of food safety and its
link to public health.

Listeriosis (Listeria monocytogenes
infections)

Listeria monocytogenes is a bacterium that is
commonly found in soil, vegetation, water,
sewage and the feces of animals and humans. It
can cause a foodborne illness called listeriosis,
that usually presents as a self-limited syndrome
with malaise, fever, and diarrhea. In a minority of
cases, particularly in the immunocompromised,
newborns, the elderly and pregnant women, more
serious illness such as meningitis and septicaemia
can occur.

Listeria can be found in unpasteurized dairy
products, raw vegetables and uncooked meats.
Certain foods can also be contaminated after
processing, such as hot dogs, cold cuts and deli
meats. Unlike most other harmful bacteria,
Listeria can survive and multiply in foods 
stored in a refrigerator. 

In 2008, Canada experienced an outbreak of
listeriosis that was traced to a meat processing
plant in Toronto. Processing equipment at the
plant was found to be contaminated with Listeria
monocytogenes, resulting in a nationwide recall
of meat products produced at the plant.13

Verotoxin-producing Escherichia coli (VTEC)

VTEC is usually linked to the consumption 
of undercooked, contaminated ground meat.
Infection can also occur through the ingestion 
of unpasteurized milk and juices, contact with
animals at farms or petting zoos, and from
drinking or swimming in water contaminated
with sewage. 

While most strains of E. coli are harmless,
verotoxin-producing E. coli (VTEC) is a
pathogen of special concern because of its
significant health impacts. Up to 10% of those
infected will suffer from hemolytic uremic

syndrome (HUS). Many will require renal
dialysis,14 and between three and five per cent
will die from complications. The dangers of this
organism became apparent in May 2000 when
the Town of Walkerton’s drinking water system
became contaminated with VTEC. Seven people
died and more than 2,300 became ill.15

The incidence of VTEC declined in Peel and
Ontario between 1991 and 2006. The spike in 
the Ontario incidence rate in 2000 is due to the
VTEC outbreak in Walkerton (Figure 13.10 on
next page). 

Chemicals in Consumer Products –
Bisphenol A

Bisphenol A (BPA) is widely used to
make hard, shatterproof, clear plastic
commonly known as polycarbonate.
BPA is also found in epoxy resins such
as those used in the lining of food
cans. BPA can leach from plastic over
time and under certain conditions,
including when exposed to heat. 

While the levels of BPA leaching from
food and beverage containers are
low, laboratory research in animals is
raising questions about BPA’s safety,
particularly for newborns and children
younger than 18 months. The studies
indicate that BPA exposure may 
interfere with the endocrine (hormonal)
system, and there is concern about
potential neural and behavioural
effects.

The main exposure for newborns and
infants is from polycarbonate baby
bottles, when these bottles are heated
to high temperatures, and from cans
of infant formula, as a result of BPA
migrating into the food.
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HEALTHCARE-ASSOCIATED 
INFECTIONS 

Healthcare-associated infections (HCAI) 
are infections acquired in hospitals, in other
healthcare settings (including long term care) 
or as a result of healthcare interventions. Each
year, approximately 250,000 Canadians who are
admitted to hospital will acquire a healthcare-
associated infection. It is estimated that
healthcare-associated infections kill between
8,000 to 12,000 Canadians every year.16

Many HCAI are caused by antimicrobial resistant
organisms (AROs), which cannot be treated with
common antibiotics. HCAIs are a threat to public
health as they can lead to prolonged treatment
and hospitalization and increased health care
costs. In fact, a severe HCAI can increase the
cost of treatment by anywhere from $12,000 to
$35,000 per patient.16

Methicillin-resistant staphylococcus aureus
(MRSA)

Staphylococcus aureus is a bacterium that is
commonly found on the skin or in the nose of
healthy individuals. MRSA, or methicillin
resistant staphylococcus aureus refers to a
subgroup of these bacteria that are resistant to
beta-lactam antibiotics, such as methicillin.

MRSA infections occur most frequently among
patients who undergo invasive medical
procedures or who are immunocompromised and
are being treated in hospitals and other healthcare
settings, such as nursing homes and dialysis

Reasons for antimicrobial resistance:

• Using antibiotics when they are not
needed

• Failure to complete the full course
of prescribed antibiotics

• Misuse and overuse of antibiotics in
livestock and agriculture
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Figure 13.10
Incidence of Verotoxin-Producing Escherichia coli (VTEC),
Peel and Ontario, 1991–2006

Age-standardized number of cases per 100,000

Sources: Peel incidence data from Integrated Public Health Information System (iPHIS), Peel Public Health, as of 12/05/2007.
Ontario data from iPHIS, Ontario Ministry of Health and Long-Term Care, June 2008. Please note that  data for 2005 and 2006 are
preliminary and are therefore subject to change.
Population estimates 1985-2005 and projections 2006-2031, Provincial Health Planning Database (PHPDB),
Ontario Ministry of Health and Long-Term Care.
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centres. MRSA in healthcare settings 
commonly causes serious and potentially life-
threatening infections. 

MRSA was first reported in Canada in 1981 
and has since been identified in many Canadian
health care facilities. Hospitalization rates are
now 17 times higher than they were in 1995.
Between 1995 and 2006, rates have increased
nationally from 0.46 cases per 1,000 admissions
to 8.04 per 1,000 admissions (Figure 13.11). 

Vancomycin-resistant enterococci (VRE)

Enterococci are bacteria that are normally found
in the gastroenteric tract of healthy individuals.
VRE are enterococci bacteria that have
developed resistance to vancomycin, an antibiotic
that is used to treat severe infections caused by
enterococci. VRE can cause surgical site
infections, urinary tract infections and blood
stream infections.

The first VRE outbreak in Canada occurred 
in 1996.8 VRE hospitalization rates have also
increased over time with Canadian rates
increasing from 0.37 cases per 1,000 admissions
in 1999 to 1.32 per 1,000 admissions in 2005
(Figure 13.11). 

Clostridium difficile-associated disease
(CDAD)

Clostridium difficile-associated disease is an
infection of the colon with symptoms that vary
from mild, watery diarrhea to life-threatening
inflammation of the colon. In industrialized
countries, C. difficile is the most common cause
of infectious diarrhea in hospitalized patients.17

The development of CDAD requires the
disruption of the normal bacteria in the gut
(usually as a result of antibiotic treatment)
followed by exposure to the C. difficile organism
via the fecal-oral route. In health care settings,
the primary reservoirs of C. difficile include
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Figure 13.11
MRSA and VRE rates of Hospital Admission,
Canada, 1995–2006

Rates per 1,000 patient admissions

Sources: MRSA data for 1995 to 2003 from  Simor A, Ofner-Agostini M, Gravel D, Varia M et al. Surveillance for methicillin-resistant Staphylococcus
aureus in Canadian hospitals - A report update from the Canadian Nosocomial Infection Surveillance Program. CCDR 2005;31-03:33-40. 
MRSA data from 2004 to 2006 from CNISP. Surveillance data for Methicillin-resistant Staphylococcus aureus (MRSA) 2006 results  at
http://www.phac-aspc.gc.ca/nois-sinp/projects/pdf/mrsa_report2006-eng.pdf
VRE data from http://www.phac-aspc.gc.ca/nois-sinp/projects/vre-eng.php
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colonized or infected patients and environments,
and surfaces (e.g. bedrails, commodes, bedpans,
etc.) that have been contaminated by stool from
these patients. The hands of healthcare workers
caring for patients with C. difficile can also
become colonized with the bacteria and represent
another route of transmission. 

Over the past eight years, Canadian hospitals
have seen an increase in disease severity caused
by a new, more virulent strain of C. difficile
(NAPI/027). In Quebec, there have been an
estimated 2,000 deaths directly attributable to 
C. difficile since 2002.18 In Ontario, hospitals
throughout the province have been reporting an
increase in duration of C. difficile outbreaks in
addition to an increase in CDAD-related deaths.
In one Ontario hospital alone, a recent outbreak
of C. difficile lasted 20 months, claiming 
62 lives.18

In 2006 and 2007, there were five
outbreaks of disease caused by
MRSA, VRE or Clostridium difficile 
at the three hospitals in Peel region.
Under the MOHLTC’s Patient Safety
Initiative, beginning in September
2008, hospitals in Ontario are
required to report their C. difficile
infection rates to the public. Similar
reporting of hospital MRSA and 
VRE rates will be required as of
December 31, 2008. 

Provincial initiatives aimed at 
preventing and controlling HCAIs
include Regional Infection Control
Networks (RICNs), and Infection
Control Resource Teams (ICRTs).

For more information please visit the
following websites:

RICN’s:
www.ricn.on.ca

ICRT’s
www.health.gov.on.ca
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