
1

TRAINING FOR THE HEALTH SECTORTRAINING FOR THE HEALTH SECTOR
[Date [Date ……Place Place ……EventEvent ……SponsorSponsor ……Organizer]Organizer]

CHILDREN AND FOOD SAFETY CHILDREN AND FOOD SAFETY 

Children's Health and the Environment
WHO Training Package for the Health Sector

World Health Organization

www.who.int/ceh

<<NOTE TO USER:  Please add details of the date, ti me, place and sponsorship of the meeting for which y ou 
are using this presentation in the space indicated. >>

<<NOTE TO USER:  This is a large set of slides from  which the presenter should select the most relevan t 
ones to use in a specific presentation.  These slid es cover many facets of the problem.  Present only t hose 
slides that apply most directly to the local situat ion in the region.>>

This presentation provides some of the basic information needed to understand how food contamination affects 
children.  It stresses the ways children from preconception through adolescence are different from adults in their 
exposure to food contaminants.
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After this presentation, individuals will understand: 

� Major foodborne risks for
� Embryo / foetus
� Breast and bottle-fed infants
� Children and infants receiving complementary foods

� How to reduce food contamination during
� Production
� Storage
� Preparation

LEARNING OBJECTIVESLEARNING OBJECTIVES

<<READ SLIDE>>
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FOODBORNE DISEASESFOODBORNE DISEASES
HOW LARGE IS THE PROBLEM?HOW LARGE IS THE PROBLEM?

� Only estimates are available
� Reporting varies according to the source

� 1.5 billion cases diarrhoea annually (excluding China)

� 30-70% are food-related
� 1.8 million deaths mostly in children < 5 years

� Most of morbidity affects children

� Vicious circle of diarrhoea and malnutrition

<<NOTE TO USER: INSERT LOCAL/NATIONAL/REGIONAL ESTI MATES>>

Definition of foodborne diseases : Foodborne diseases are defined as diseases, usually either infectious or toxic 
in nature, caused by agents that enter the body through the ingestion of food. Every person is at risk of foodborne 
diseases. 

Unfortunately, data on the incidence and severity of foodborne diseases in the general population are limited in 
most countries. Where such data are collected through surveillance programmes, most cases of foodborne 
diseases are not reported, either because medical treatment is not sought or, when treatment is sought, 
specimens are not taken to allow diagnostic tests to identify the foodborne pathogen. Also, certain pathogens 
transmitted via food may also be spread through water or by person-to-person contact , and this may obscure 
the role of food as a vehicle for transmission. In addition, some foodborne disease is caused by hitherto unknown 
pathogens, and thus cannot be diagnosed. Many pathogens, such as Campylobacter jejuni, Escherichia coli 
O157:H7 and Cyclospora cayetanensis, were not recognized as causes of foodborne disease twenty years ago. 
Nowadays, new pathogens are being recognized as a cause of foodborne disease.

Foodborne diseases that are nationally reportable in certain developed countries include typhoid fever, cholera, 
hepatitis A, E. coli O157:H7 infection, haemolytic uraemic syndrome, salmonellosis, and shigellosis. Reporting 
requirements are stipulated by local and national regulations. In developing countries (excluding China), foodborne 
pathogenic microorganisms are estimated to cause up to 70% of the roughly 1.5 billion annual episodes of 
diarrhoea, and a related 1.8 million deaths in children under the age of five (Dr. G. Moy, WHO, personal 
communication). In the United States it is estimated that 76 million illnesses, 325 000 hospitalizations and 5000 
deaths result each year from foodborne diseases. While the figure for morbidity suggests that one in three persons 
becomes ill each year, foodborne disease is expected to be more prevalent among the young.

References:

•Käferstein, Food safety: a commonly underestimated public health issue. World health statistics quarterly, 1997, 
50(1/2): 3.

•Mead, Food-related illness and death in the United States, Emerging infectious diseases, 1999, 5(5): 607.

•WHO. Food safety and foodborne illness. Fact Sheet. WHO, 2007. Available at 
www.who.int/mediacentre/factsheets/fs237/en/ - accessed December 2009
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BURDEN OF DISEASE ESTIMATESBURDEN OF DISEASE ESTIMATES

� WHO Foodborne Disease Burden 

Epidemiology Reference Group

� Estimate Disability Adjusted Life Years (DALYs) 
� To express the years of life lost to premature death and the 

years living with disability

In 2006 WHO launched a new initiative to estimate the global burden of foodborne diseases.  
As part of this initiative, WHO established the Foodborne Disease Burden Epidemiology 
Reference Group.  They are charged with estimating the global burden of foodborne 
disease, using DALYs (disability adjusted life years).  

Reference:  

•WHO initiative to estimate the global burden of foodborne disease. First formal meeting of 
the foodborne disease burden epidemiology reference group, 2008. Available at 
www.who.int/foodsafety/publications/foodborne_disease/FERG_Nov07.pdf - accessed 
December 2009
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DIFFERENT AND UNIQUE EXPOSURESDIFFERENT AND UNIQUE EXPOSURES

� Unique exposure pathways
� Transplacental
� Breastfeeding
� Infant formula

� Exploratory behaviours leading to exposures
� Hand-to-mouth, object-to-mouth
� Non-nutritive ingestion

� Quantity and quality of food consumed
� Amount consumed is higher than adults
� More milk products and fruits and vegetables

Children have unique exposure pathways. They can be exposed in utero to toxic 
environmental agents that cross the placenta. Such exposures can be biological (viral, 
bacterial, parasitic) or chemical (pesticides, toxins). They can also be exposed to pollutants 
that pass into their mother’s milk. Neither of these routes of exposure occur in adults or older 
children.
Children also have pathways of exposure that differ from those of adults due to their size and 
developmental stage.  For example, young children engage in normal exploratory 
behaviours including hand-to-mouth and object-to-mouth behaviours, and non-nutritive 
ingestion which may dramatically increase exposure over that in adults.
The amount of food that children consume per kilogram of body weight is higher than that of 
the adult because children not only need to maintain homeostasis, as adults do, but are 
growing.  The average infant consumes 5 oz. of formula per kilogram of body weight (for the 
average male adult, this is equivalent to drinking 30 12 oz. cans of liquid a day.)  If the food 
or liquid contains a contaminant, children may receive more of it relative to their size than 
adults. 
In addition, children consume different types of food.  The diet of many newborn babies is 
exclusively breast milk.  The diet of children usually contains more milk products and certain 
fruits and vegetables than the typical adult diet.

References:
•American Academy of Pediatrics Committee on Environmental Health.  Developmental 
toxicity: Special considerations based on age and developmental stage.  In:  Etzel RA, ed. 
Pediatric Environmental Health, 2nd ed. Elk Grove Village, IL: American Academy of 
Pediatrics, 2003.
•Mahoney DB, Moy GC.  Foodborne hazards of particular concern for the young.  In:  
Pronczuk J, ed.  Children´s health and the environment: A global perspective. Geneva, 
World Health Organization, 2005.
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MAJOR FOODBORNE HAZARDSMAJOR FOODBORNE HAZARDS

� Biological
� Viruses 

� Bacteria
� Protozoa

� Parasites
� Prions

� Chemical 
� Toxins 

� Pesticides
� POPs

� Heavy metals
� Food additives

� Other

The agents responsible for foodborne disease include viruses, bacteria, protozoa, parasites, 
and prions, as well as a wide range of chemicals, including toxins, pesticides, persistent 
organic pollutants (POPs), heavy metals, food additives, and any other chemical that may
enter food. The adverse health effects of foodborne diseases range from mild gastroenteritis 
(including diarrhoea and vomiting) to life-threatening neurological, renal or hepatic 
syndromes, congenital anomalies and cancer. The risks posed by the presence of 
microorganisms and chemicals in the food supply are of concern worldwide. However, 
consumers’ judgment of hazards and perception of food safety risks are often at variance 
with those of the scientific community. Consumers' perceptions in particular are shaped by a 
number of factors, including personal experience, access to information about food safety, 
trust in sources of information, and baseline food safety risk levels. Hence, while the public 
may be concerned about food additives and new technologies, they may fail to recognize the 
major risks resulting from food contaminated by pathogenic microorganisms.

References:

•Diagnosis and management of foodborne illnesses: A primer for physicians and other health 
care professionals.  Available at: www.ama-assn.org/ama/pub/physician-resources/medical-
science/food-borne-illnesses/diagnosis-management-foodborne.shtml – accessed 
December 2009

•WHO. Basic Food safety for health workers. WHO. Available at: 
whqlibdoc.who.int/hq/1999/WHO_SDE_PHE_FOS_99.1.pdf – accessed December 2009
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VIRUSESVIRUSES

� Rotaviruses
� Norwalk-like viruses

� Hepatitis A
� HIV

� Cytomegalovirus

We will begin with viruses because they are thought to be the cause of most foodborne 
diseases, both in developing and industrialized countries.  

<<READ SLIDE>>

Reference:

•Diagnosis and management of foodborne illnesses: A primer for physicians and other health 
care professionals.  Available at: www.ama-assn.org/ama/pub/physician-resources/medical-
science/food-borne-illnesses/diagnosis-management-foodborne.shtml - accessed December 
2009
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FOODBORNE VIRUSESFOODBORNE VIRUSES

� Most common cause of foodborne diseases
� Rotaviruses 
� Norwalk-like viruses
� Hepatitis A 

� Transmission:  faecal-oral, contaminated food (often 
sewage)

� Symptoms:  watery diarrhoea and vomiting
� Risk of dehydration in infants and young children

Viruses are considered the most common cause of infectious gastroenteritis, but except for 
rotaviruses, they are rarely identified.   
Hepatitis A and gastroenteritis viruses, such as rotaviruses, Norwalk-like viruses, astroviruses, and 
other caliciviruses are more often transmitted via food than other viruses. All foodborne viruses are 
shed in faeces and infect by being ingested.
The main symptoms of viral gastroenteritis are watery diarrhoea and vomiting. Patients may also have 
headache, fever and abdominal cramps. Symptoms occur 1 or 2 days after infection and last for 1–10 
days. People with viral gastroenteritis almost always recover without long-term problems. However 
gastroenteritis can be serious for infants and young children, who are at risk of rapid dehydration from 
loss of fluids through vomiting or diarrhoea.
Food may be contaminated by food handlers who have viral gastroenteritis, especially if their personal 
hygiene is poor. Raw and undercooked shellfish grown in polluted waters are also an important vehicle 
for viral gastroenteritis.
Rotavirus infection is the most common cause of severe viral diarrhoea in infants and young children 
under 5 years old, resulting in the hospitalization of approximately 55 000 children each year in the 
United States. The incubation period for rotavirus disease is approximately 2 days, followed by 
vomiting and watery diarrhoea for 3–8 days. The primary mode of transmission is faecal–oral. The 
virus is stable in the environment, and transmission occurs through ingestion of contaminated water or 
food and contact with contaminated surfaces.

Reference:
•Wilhelmi, Viruses causing gastroenteritis, Clinical microbiology and infection, 2003, 9(4): 247. 
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VIRUSES AND BREAST MILKVIRUSES AND BREAST MILK

� Without antiretroviral therapy mother-to-child tran smission 
of human immunodeficiency virus (HIV) is:

� During pregnancy 5–10%
� During labour and delivery 10–15%
� During breastfeeding 5–20%
� Overall without breastfeeding 15–25%
� Overall with breastfeeding to 6 months 20–35%
� Overall with breastfeeding to 18 to 24 months 30–45%

� Cytomegalovirus (CMV) may also be transmitted in br east 
milk

Breast milk may be a source of viral infection in nursing infants whose mothers have acquired HIV or 
cytomegalovirus infections. Mother-to-child transmission of HIV can occur in utero, at delivery, or after birth 
through breastfeeding. Data from various studies estimate transmission rates, without antiretroviral intervention, of 
15–25% in the absence of breastfeeding, 20–35% if there is breastfeeding up to 6 months, and 30–45% if 
breastfeeding is continued for 18–24 months.
The fact that HIV can be transmitted through breast milk should not undermine efforts to support breastfeeding for 
most infants, as their health and survival are greatly improved by breastfeeding.
Policies and strategies are evolving as more evidence becomes available from research, but more needs to be 
known about the factors that influence transmission rates and the risks associated with alternative feeding 
strategies. For women who know they are HIV-positive and where infant mortality is high, exclusive breastfeeding 
may still result in fewer infant deaths than feeding breast-milk substitutes. A WHO Technical Consultation 
recommended the following approaches to prevention of mother-to-child transmission:
•When replacement feeding is acceptable, feasible, affordable, sustainable and safe, avoidance of all 
breastfeeding by HIV-infected mothers is recommended. Otherwise, exclusive breastfeeding is recommended 
during the first months of life. 
•To minimize HIV transmission risk, breastfeeding should be discontinued as soon as feasible, taking into account 
local circumstances, the individual woman’s situation and the risks of replacement feeding (including infections 
other than HIV and malnutrition). 
•When HIV-infected mothers choose not to breastfeed from birth or stop breastfeeding later, they should be 
provided with specific guidance and support for at least the first 2 years of the child’s life to ensure adequate 
replacement feeding. Programmes should strive to improve conditions to make replacement feeding safer for HIV-
infected mothers and families.

Countries should have in place a comprehensive national infant and young child feeding policy which includes 
information on HIV and infant feeding. Such a policy should lead to guidelines for health workers on how to 
protect, promote and support breastfeeding in the general population, while giving adequate support to HIV-
positive women to enable them to select the best feeding option for themselves and their babies. The policy and 
guidelines should be based on the local situation, including an assessment of feeding options.

References:
•De Cock, Prevention of mother-to-child HIV transmission in resource-poor countries – translating research into 
policy and practice, Journal of the American Medical Association, 2000, 283(9): 1175.
•Hamprecht, Epidemiology of transmission of cytomegalovirus from mother to preterm infant by breastfeeding,
Lancet, 2001, 357: 513.
•UNICEF, WHO, United Nations Population Fund, UNAIDS.  HIV and Infant Feeding: Guidelines for Decision-
makers. Available at: whqlibdoc.who.int/hq/2003/9241591226.pdf – accessed December 2009
•WHO HIV and Infant Feeding Technical Consultation. Held on behalf of the Inter-agency Task Team (IATT) on 
Prevention of HIV Infections in Pregnant Women, Mothers and their Infants, Geneva, October 25-27, 2006. 
Available at:
www.who.int/child_adolescent_health/documents/pdfs/who_hiv_infant_feeding_technical_consultation.pdf –
accessed December 2009
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BACTERIABACTERIA

� Listeria monocytogenes

� Escherichia coli O157:H7

� Salmonella

� Shigella

� Enterobacter sakazakii

There are many bacteria that can cause foodborne diseases.  Some are listed here. 

<<READ SLIDE>>

Reference:

•Diagnosis and management of foodborne illnesses: A primer for physicians and other health 
care professionals.  Available at: www.ama-assn.org/ama/pub/physician-resources/medical-
science/food-borne-illnesses/diagnosis-management-foodborne.shtml – accessed 
December 2009
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BACTERIA:  BACTERIA:  LISTERIA MONOCYTOGENESLISTERIA MONOCYTOGENES

� Survives well at 5o C (standard 
refrigeration)

� Pregnant women 20 times more likely 
to get sick
� Spontaneous abortion, neonatal 

meningitis/sepsis

� High risk groups
� Young
� Old
� Pregnant
� Immunocompromised

US FDA

Sources of infection:

� Raw meat

� Ready-to-eat meat 
products

� Soft cheeses 
(unpasteurized)

� Unpasteurized dairy

� Chilled smoked seafood

L. monocytogenes may cause a mild form of gastrointestinal illness in healthy adults. While such 
infections are uncommon and cause few or no symptoms in healthy people, they may be very serious 
for pregnant women . Women infected with L. monocytogenes during pregnancy may transmit the 
infection to the fetus, possibly leading to spontaneous abortion, fetal death, or subsequent visual, 
mental, or other health problems in the infant. The manifestations of listeriosis include septicemia, 
meningitis (or meningoencephalitis), encephalitis, and intrauterine or cervical infections in pregnant 
women, which may result in spontaneous abortion (2nd/3rd trimester) or stillbirth. The onset of the 
aforementioned disorders is usually preceded by influenza-like symptoms including persistent fever. It 
was reported that gastrointestinal symptoms such as nausea, vomiting, and diarrhea may precede 
more serious forms of listeriosis or may be the only symptoms expressed. Outbreak data show that 
the incubation period ranges from 2 to 6 weeks for the invasive disease. Listeriosis results in an 
estimated 2500 serious illnesses and 500 deaths in the United States each year.
Pregnant women are about 20 times more likely than other adults to get sick from 
L. monocytogenes. The organism is typically found in raw meat, delicatessen products, including 
processed ready-to-eat meat products, soft unpasteurized cheeses, unpasteurized dairy products and 
chilled smoked seafood.

References:
•CDC, Multistate outbreak of listeriosis – United States, 2000. Morbidity and mortality weekly report, 
2000, 49(50): 1129.
•CDC on Listeriosis. Available at www.cdc.gov/ncidod/dbmd/diseaseinfo/listeriosis_g.htm (also 
available in Spanish) – accessed December 2009
•US FDA Bad Bug Book. Available at: www.cfsan.fda.gov/~mow/chap6.html - accessed December 
2009
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BACTERIA: BACTERIA: ESCHERICHIA COLI ESCHERICHIA COLI O157:H7 O157:H7 

� Reservoir: gut of food animals

� Bloody diarrhea
� Hemolytic uremic syndrome in 

children

US FDA

Sources of infection

� Food 

� Ground beef (undercooked)
� Unpasteurized dairy
� Sprouts
� Other produce 
grown/prepared with 
manure/contaminated water

� Water

E. coli O157:H7 is a cause of foodborne illness, and has rapidly become a major cause of 
bloody diarrhoea and acute renal failure. The infection can be fatal, especially in children. the 
largest outbreak recorded so far was in Japan in 1996 the cause of nearly 10 000 children 
becoming ill and five dying in more than eight outbreaks over a six-month period. 
In children under 5 years of age (and the elderly), the infection can lead to the development 
of haemolytic uraemic syndrome. Between 2% and 7% of infections in the United States lead 
to this complication. The illness is characterized by severe cramping (abdominal pain) and 
diarrhea which is initially watery but becomes grossly bloody. Occasionally vomiting occurs. 
Fever is either low-grade or absent. The illness is usually self-limited and lasts for an 
average of 8 days. Some individuals exhibit watery diarrhea only. However, haemolytic
uraemic syndrome is the principal cause of acute kidney failure in children, and most cases 
are caused by E. coli O157:H7.
E. coli O157:H7 infection has been associated with eating undercooked, contaminated 
minced beef. Because the organism lives in the intestines of healthy cattle, preventive 
measures on cattle farms and during meat processing are essential. Infection has also 
occurred after consumption of unpasteurized milk and apple cider, also sprouts, lettuce, and 
salami. Person-to-person transmission is important in families and child care settings, 
especially among toddlers who are not toilet-trained.

References:
•US CDC: Available at: www.cdc.gov/ncidod/dbmd/diseaseinfo/escherichiacoli_t.htm –
accessed December 2009
•US FDA Bad Bug Book: E coli O157:H7 Available at: 
www.cfsan.fda.gov/~mow/chap15.html – accessed December 2009



13

Children and Food SafetyChildren and Food Safety

BACTERIA:  BACTERIA:  SALMONELLASALMONELLA SPECIESSPECIES

� Reservoir – food animals, humans

� High risk groups –
� Infants, 
� Immunocompromised

� Increase in multi-drug resistance

� Salmonella strains spreading globally

Sources of infection: 

� Food (poultry, eggs, meat)
� Water
� Contact with animals
� Vegetables with human or 
animal waste fertilizer

US FDAUS FDA

Salmonellosis is one of the most common and widely distributed foodborne diseases. It constitutes a 
major public health burden and represents a significant cost in many countries. Millions of human 
cases are reported worldwide every year and the disease results in thousands of deaths. 
Salmonellosis is caused by the bacteria Salmonella. Today, there are over 2500 known types, or 
serotypes, of Salmonella.Salmonellae are found in the intestinal tracts of animals and humans, and 
some individuals are chronic carriers of the organism. Humans usually become infected by eating food 
contaminated with animal faeces, especially raw and undercooked foods of animal origin, such as
beef, poultry, milk, and eggs. Food may also become contaminated through cross-contamination and 
poor hygiene of food handlers.
Salmonellosis results from consuming food contaminated by Salmonella spp. Infected  persons 
develop diarrhoea, fever, and abdominal cramps between 12 and 72 hours after eating the 
contaminated food. The illness usually lasts 4–7 days, and most people recover without treatment. In 
vulnerable groups, such as the young infants and small children infection may spread beyond the 
intestine to the bloodstream and cause a more severe systemic disease.  When Salmonella infections 
are systemic, they require antibiotic treatment.  As the rates of multi-drug resistant strains increase, 
there are increasing difficulties in finding effective antimicrobials, especially for the treatment of infants 
and very small children.

References:
•CDC. Drug Resistance at CDC. Available at: www.cdc.gov/getsmart/ – accessed December 2009
•CDC. Samonella. Available at: www.cdc.gov/salmonella/ – accessed December 2009
•WHO. Drug-resistant salmonella. Available 
at:www.who.int/mediacentre/factsheets/fs139/en/index.html – accessed December 2009

Pictures: www.usda.gov/oc/photo/opclibra.htm
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BACTERIA:  BACTERIA:  SHIGELLASHIGELLA

Sources of infection:  
� Food (contaminated by flies 

or handlers)
� Vegetables if sewage in field
� Water
� Bad sanitation and hygiene

� Symptoms: diarrhoea 
(sometimes bloody), fever, 
stomach cramps.

� High risk groups: children 
(toddlers) and elderly

WHO

Shigellosis is an infectious disease caused by a group of bacteria called Shigella. Most who are infected with 
Shigella develop diarrhoea, fever, and stomach cramps starting a day or two after they are exposed to the 
bacterium. The diarrhoea is often bloody. Shigellosis usually resolves in 5 to 7 days. In some persons, especially 
young children and the elderly, the diarrhea can be so severe that the patient needs to be hospitalized. A severe 
infection with high fever may also be associated with seizures in children less than 2 years old. Some persons who 
are infected may have no symptoms at all, but may still pass the Shigella bacteria to others 
The Shigella bacteria pass from one infected person to the next. Shigella are present in the diarrheal stools of 
infected persons while they are sick and for a week or two afterwards. Most Shigella infections are the result of the 
bacterium passing from stools or soiled fingers of one person to the mouth of another person. This happens when 
basic hygiene and handwashing habits are inadequate. It is particularly likely to occur among toddlers who are not 
fully toilet-trained. Family members and playmates of such children are at high risk of becoming infected. 
Shigella infections may be acquired from eating contaminated food. Contaminated food may look and smell 
normal. Food may become contaminated by infected food handlers who forget to wash their hands with soap after 
using the bathroom. Vegetables can become contaminated if they are harvested from a field with sewage in it. 
Flies can breed in infected feces and then contaminate food. Shigella infections can also be acquired by drinking 
or swimming in contaminated water. Water may become contaminated if sewage runs into it, or if someone with 
shigellosis swims in it.
There is no vaccine to prevent shigellosis. However, the spread of Shigella from an infected person to other 
persons can be stopped by frequent and careful handwashing with soap. Frequent and careful handwashing is 
important among all age groups. Frequent, supervised handwashing of all children should be followed in day care 
centers and in homes with children who are not completely toilet-trained (including children in diapers). When 
possible, young children with a Shigella infection who are still in diapers should not be in contact with uninfected 
children.
People who have shigellosis should not prepare food or pour water for others until they have been shown to no 
longer be carrying the Shigella bacterium. 
If a child in diapers has shigellosis, everyone who changes the child's diapers should be sure the diapers are 
disposed of properly in a closed-lid garbage can, and should wash his or her hands carefully with soap and warm 
water immediately after changing the diapers. After use, the diaper changing area should be wiped down with a 
disinfectant such as household bleach, Lysol* or bactericidal wipes.
Basic food safety precautions and regular drinking water treatment prevents shigellosis. At swimming beaches, 
having enough bathrooms near the swimming area helps keep the water from becoming contaminated.

Notes taken from: www.cdc.gov/ncidod/dbmd/diseaseinfo/shigellosis_a.htm
Picture: WHO
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BACTERIA:  BACTERIA:  ENTEROBACTER SAKAZAKIIENTEROBACTER SAKAZAKII

Sources of infection:  

� Powdered infant formula

� Symptoms: sepsis, meningitis, 
cerebritis and necrotizing 
enterocolitis

� High risk groups: newborns, 
premature babies, low-birth-
weight or immunocompromised 
infants

� Other bacteria (Salmonella) 
have also caused outbreaks 
related to powdered infant 
formula, a non-sterile product

WHO, FAO

Enterobacter sakazakii is a gram-negative, non-spore-forming bacterium belonging to the Enterobacteriaceae
family. On occasion, it has been associated with sporadic cases or small outbreaks of sepsis, meningitis, cerebritis
and necrotizing enterocolitis.
Mortality rates from E. sakazakii infection have been reported to be as high as 50 percent or more, but this figure 
has declined to under 20 percent in recent years. Significant morbidity in the form of neurological deficits can 
result from infection, especially among those with bacterial meningitis and cerebritis. While the disease is usually 
responsive to antibiotic therapy, a number of authors have reported increasing antibiotic resistance to drugs 
commonly used for initial treatment of suspected Enterobacter infection. While the reservoir for E. sakazakii is 
unknown in many cases, a growing number of reports have established powdered infant formula as the source 
and vehicle of infection. In addition, the stomach of newborns, especially of premature babies, is less acidic than 
that of
adults: a possible important factor contributing to the survival of an infection with E. sakazakii in infants. The 
frequency of intrinsic E. sakazakii contamination in powdered infant formula is of concern, even though intrinsic 
concentration levels of E. sakazakii appear to be typically very low. Intrinsic contamination of powdered formula 
with E. sakazakii or Salmonella can cause infection and illness in infants, including severe disease, and can lead 
to serious developmental sequelae and death. E. sakazakii has caused disease in all age groups. From the age 
distribution of reported cases, it is deduced that infants (children <1 year) are at particular risk. The infants at 
greatest risk from E. sakazakii infection are neonates (<28 days), particularly pre-term infants, low-birth-weight
infants or immunocompromised infants. Infants of HIV-positive mothers are also at risk, because they may 
specifically require infant formula and they may be more susceptible to infection. The latter consideration, as well 
as low birth weight, may be of particular concern for some developing countries, where the proportion of such 
infants is higher than in developed countries.
There is a small but finite possibility that one or a small number of organisms in a serving could cause illness. This 
risk increases rapidly if the level of E. sakazakii is allowed to increase. Low numbers of E. sakazakii in powdered 
infant formula were also considered to be a significant risk factor, given the potential of even low numbers to 
multiply during preparation and holding prior to consumption of reconstituted formula.
Using current mix technology, it does not seem possible to produce commercially sterile powders or to completely 
eliminate the potential of contamination. Based on a preliminary risk assessment, the inclusion of a bactericidal 
step at the point of preparation and a decrease in holding and/or feeding time of the reconstituted formula were 
most effective in reducing risk. A combination of intervention measures had the greatest impact. 
Notes and picture taken from: www.who.int/foodsafety/publications/micro/mra6/en/
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PROTOZOAPROTOZOA

� Toxoplasma gondii

� Giardia lamblia
� Entamoeba histolytica

Some protozoa that cause foodborne diseases are Toxoplasma gondii, Giardia lamblia, and 
Entamoeba histolytica. 

Reference:

•Diagnosis and management of foodborne illnesses: A primer for physicians and other health 
care professionals.  Available at: www.ama-assn.org/ama/pub/physician-resources/medical-
science/food-borne-illnesses/diagnosis-management-foodborne.shtml - accessed December 
2009
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PROTOZOA: PROTOZOA: TOXOPLASMA GONDIITOXOPLASMA GONDII

� Congenital toxoplasmosis
� Global Prevalence <1-10 per 10,000 live births

� Exposure in utero
� Risk varies by gestational age
� Infection fetal brain, eyes

� Long-term social/economic costs
� Thought to impair mental development

www.dpd.cdc.gov/dpdx/HTML/Toxoplasmosis.htm

Sources of infection:  

� Raw, undercooked meat
� Cat or animal feces

CDC

Toxoplasmosis is a widespread parasitic disease that usually causes no symptoms in healthy human hosts. In 
pregnant women the organism T. gondii may infect the fetal brain, eyes and other tissues, even if the woman is 
asymptomatic. The infection can trigger miscarriage, stillbirth and preterm birth, or lead to mental retardation and 
blindness in the infant. The fetus is presumed to be at risk only if the mother has a primary, active infection during 
the pregnancy.
The birth prevalence of congenital toxoplasmosis throughout the world ranges from less than 1 to 10 per 10 000 
live births. The age of the fetus may be a factor in maternal transmission, with the risk of fetal infection low during 
the first 8 weeks of pregnancy, and infection resulting mainly in spontaneous termination of the pregnancy. In one 
study, up to 90% of infected infants did not exhibit overt clinical signs of disease at birth. Of those with symptoms, 
many had severe neurological and development problems. In another study, visual impairment was observed in all 
children with congenital toxoplasmosis, while 74% had severe visual impairment. Of those with subclinical 
congenital infection at birth, up to 85% may develop chronic recurring eye disease and learning difficulties. The 
long-term impact carries high economic and societal costs.
Toxoplasmosis can be contracted by eating raw or undercooked meat or from exposure to the faeces of infected 
cats. Cats are an important host, with the parasite infecting the cells lining the cats’ intestines. Farm animals may 
become infected when they ingest food or water contaminated by faeces from infected cats.

References:
•Evengard. Low incidence of toxoplasma infection during pregnancy and in newborns in Sweden. Epidemiology 
and infection, 2001, 127(1): 121.
•Gilbert. Epidemiology of infection in pregnant women. In: Petersen, ed., Congenital toxoplasmosis: scientific 
background, clinical management and control, Paris, Springer-Verlag, 2000.
•Lipka. Visual and auditory impairment in children with congenital cytomegalovirus and Toxoplasma gondii
infection. Przegl Lek, 2002, 59(Suppl. 1): 70.
•Neto. High prevalence of congenital toxoplasmosis in Brazil estimated in a 3 year prospective neonatal screening 
study. International journal of epidemiology, 2000, 29 (5): 941.
•Wallon. Toxoplasma infections in early pregnancy: consequences and management. Journal of gynecology and 
obstetrics and biology of reproduction, 2002, 31(5): 478.

Pictures: 
On the left: Toxoplasma gondii cyst in brain tissue stained with hematoxylin and eosin (100×). 
www.dpd.cdc.gov/dpdx/HTML/Image_Library.htm
On the right: www.dpd.cdc.gov/dpdx/HTML/Toxoplasmosis.htm
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PROTOZOA:  PROTOZOA:  GIARDIA LAMBLIAGIARDIA LAMBLIA

Chronic frothy diarrhoea
� Malabsorption
� Weight loss
� Anemia

Sources of infection:  

� Faecal-oral
� Water 
� Food
� Soil 

G. lamblia is spread through the faecal–oral route, either directly by person-to-person contact or through 
contaminated food or water. The parasite infects the small intestine and may cause diarrhoea, abdominal cramps 
and bloating, and result in malabsorption and weight loss. 
Children are infected more frequently than adults, and the parasite is commonly found in day-care centres. The 
Centers for Disease Control and Prevention in the USA reports that giardiasis has been identified in 10–15% of 
children attending these centres who have not been toilet-trained. Approximately 20–25% of day-care staff and 
family contacts of infected children also become infected.
According to the US CDC (www.dpd.cdc.gov/dpdx/HTML/Giardiasis.htm):  Giardia lives in the intestine of infected 
humans or animals. Millions of germs can be released in a bowel movement from an infected human or animal. 
Infection occurs after accidentally swallowing the parasite. Giardia may be found in soil, food, water, or surfaces 
that have been contaminated with the feces from infected humans or animals. Giardia is not spread by contact 
with blood. Giardia can be spread:
•By eating or accidentally swallowing something that has come in contact with the stool of a person or animal 
infected with Giardia.
•By swallowing recreational water contaminated with Giardia. Recreational water is water in swimming pools, hot 
tubs, jacuzzis, fountains, lakes, rivers, springs, ponds, or streams that can be contaminated with sewage or feces 
from humans or animals. 
•By eating uncooked food contaminated with Giardia. Thoroughly wash with uncontaminated water all vegetables 
and fruits that are eaten raw.
•By accidentally swallowing Giardia picked up from surfaces (such as toys, bathroom fixtures, changing tables, 
diaper pails) contaminated with stool from an infected person. 
Reference:
•Diagnosis and management of foodborne illnesses: A primer for physicians and other health care professionals.  
Available at: www.ama-assn.org/ama/pub/physician-resources/medical-science/food-borne-illnesses/diagnosis-
management-foodborne.shtml - accessed December 2009
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PROTOZOA: PROTOZOA: E. HISTOLYTICAE. HISTOLYTICA

� Amoebiasis

www.dpd.cdc.gov/dpdx/HTML/Amebiasis.htm

Sources of infection:  

� Faecal contamination of 
water or food

� Dirty hands

CDC

Entamoeba histolytica causes amebiasis.  The most dramatic incident that occurred in the 
USA was the Chicago World's Fair outbreak in 1933 caused by contaminated drinking water; 
defective plumbing permitted sewage to contaminate the drinking water. There were 1,000 
cases (with 58 deaths). 
In recent times, food handlers are suspected of causing many scattered infections.

Notes taken from www.dpd.cdc.gov/dpdx/HTML/Amebiasis.htm– accessed December 2009
Picture: www.dpd.cdc.gov/dpdx/HTML/Amebiasis.htm – accessed December 2009
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PARASITESPARASITES

� Echinococcus

� Anisakis simplex
� Ascaris lumbricoides

� Trichinella species

Some parasites that cause foodborne diseases include Echinococcus, Anisakis simplex, 
Ascaris lumbricoides, and Trichinella species.

<<READ SLIDE>>
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PARASITES: PARASITES: ECHINOCOCCUSECHINOCOCCUS

� Abdominal pain or mass
� Haemoptysis, dyspnoea, fever, cough

Sources of infection:  

� Surfaces, food or water 
contaminated with dog 
faeces

CDC

Human echinococcosis (hydatidosis, or hydatid disease) is caused by the larval stages of 
cestodes (tapeworms) of the genus Echinococcus. Echinococcus granulosus causes cystic 
echinococcosis, the form most frequently encountered.

The adult Echinococcus granulosus (3 to 6 mm long)   resides in the small bowel of the 
definitive hosts, dogs or other canids. Gravid proglottids release eggs   that are passed in 
the feces. After ingestion by a suitable intermediate host (under natural conditions: sheep, 
goat, swine, cattle, horses, camel), the egg hatches in the small bowel and releases an 
oncosphere that penetrates the intestinal wall and migrates through the circulatory system 
into various organs, especially the liver and lungs. In these organs, the oncosphere
develops into a cyst that enlarges gradually, producing protoscolices and daughter cysts 
that fill the cyst interior. The definitive host becomes infected by ingesting the cyst-
containing organs of the infected intermediate host. After ingestion, the protoscolices
evaginate, attach to the intestinal mucosa  , and develop into adult stages   in 32 to 80 days.

E. granulosus occurs practically worldwide, and more frequently in rural, grazing areas 
where dogs ingest organs from infected animals. 

Notes taken from CDC: www.dpd.cdc.gov/DPDx/html/Echinococcosis.htm – accessed 
December 2009

Picture: CDC
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PARASITES: PARASITES: ANISAKIS SIMPLEXANISAKIS SIMPLEX

� 1 hr to 2 wks after eating raw
or undercooked seafood
� acute allergic symptoms after
ingestion of fish 

Sources of infection:  
� cod, haddock, fluke, pacific 

salmon, herring, flounder, 
and monkfish 

www.dpd.cdc.gov/dpdx/HTML/Anisakiasis.htm

Anisakiasis is most frequently diagnosed when the affected individual feels a tingling or 
tickling sensation in the throat and coughs up or manually extracts a nematode. In more 
severe cases there is acute abdominal pain, much like acute appendicitis accompanied by a 
nauseous feeling. Symptoms occur from as little as an hour to about 2 weeks after 
consumption of raw or undercooked seafood. One nematode is the usual number recovered 
from a patient. With their anterior ends, these larval nematodes from fish or shellfish usually 
burrow into the wall of the digestive tract to the level of the muscularis mucosae
(occasionally they penetrate the intestinal wall completely and are found in the body cavity). 
They produce a substance that attracts eosinophils and other host white blood cells to the 
area. The infiltrating host cells form a granuloma in the tissues surrounding the penetrated 
worm. In the digestive tract lumen, the worm can detach and reattach to other sites on the 
wall. Anisakis rarely reach full maturity in humans and usually are eliminated spontaneously 
from the digestive tract lumen within 3 weeks of infection. Penetrated worms that die in the 
tissues are eventually removed by the host's phagocytic cells. 

Notes taken from www.bioterrorismact.com/SeafoodData/BadBugBook/CHAP25.HTML –
accessed December 2009

Picture: www.dpd.cdc.gov/dpdx/HTML/Anisakiasis.htm – accessed December 2009
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PARASITES: PARASITES: ASCARIS LUMBRICOIDESASCARIS LUMBRICOIDES

� Diarrhoea
� Abdominal pain
� Weakness
� Impaired growth 
� Impaired learning

Sources of infection:  

� Human faeces used as 
fertilizer

Approximately 1.22 billion people or about a quarter of the world population are infected with Ascaris
lumbricoides, or roundworms. 
Infections with these parasites are more common where sanitation is poor,  and human feces are used 
as fertilizer.
Prevention of this infection centers around education, not using human feces as fertilizer, and 
cleanliness, especially among those who handle food.
They are found in the bathtub, toilet bowl, in diapers, or even on the pillow upon waking. Females can 
be well over a foot long; males are smaller.
Ascaris lumbricoides infections in humans occur when an ingested infective egg releases a larval 
worm that penetrates the wall of the duodenum and enters the bloodstream. From here, it is carried to 
the liver and heart, and enters pulmonary circulation to break free in the alveoli, where it grows and 
molts. In 3 weeks, the larvae pass from the respiratory system to be coughed up, swallowed, and thus 
returned to the small intestine, where they mature to adult male and female worms. Fertilization can 
now occur and the female produces as many as 200,000 eggs per day for a year. These fertilized 
eggs become infectious after 2 weeks in soil; they can persist in soil for 10 years or more.
The eggs have a lipid layer, containing ascarocides and it makes them resistant to the effects of acids 
and alkalis as well as other unpleasant chemicals. This resilience helps to explain why this nematode 
is such a ubiquitous parasite. 
The infection causes a wide range of symptoms that include intestinal manifestations (diarrhoea, 
abdominal pain), general malaise and weakness that may affect working and learning capacities, and 
impaired physical growth. 

Reference:
•Intestinal nematode infections, WHO – available at 
whqlibdoc.who.int/publications/2004/9241592303_chap9.pdf – accessed December 2009
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Parasites: Parasites: TRICHINELLA SPIRALISTRICHINELLA SPIRALIS

� Gastroenteritis 

� Fever
� Edema around eyes
� Perspiration
� Muscular pain 
� Chills
� Prostration
� Labored breathing

Sources of infection:  

� Raw, undercooked pork
� Wild game (bear meat)

CDC

Trichinellosis (trichinosis) is caused by nematodes (roundworms) of the genus Trichinella. 
Trichinellosis is acquired by ingesting meat containing cysts (encysted larvae)   of 
Trichinella. After exposure to gastric acid and pepsin, the larvae are released   from the 
cysts and invade the small bowel mucosa where they develop into adult worms   (female 2.2 
mm in length, males 1.2 mm; life span in the small bowel: 4 weeks). After 1 week, the 
females release larvae   that migrate to the striated muscles where they encyst . Trichinella
pseudospiralis, however, does not encyst. Encystment is completed in 4 to 5 weeks and the 
encysted larvae may remain viable for several years. Ingestion of the encysted larvae 
perpetuates the cycle. Rats and rodents are primarily responsible for maintaining the 
endemicity of this infection. Carnivorous/omnivorous animals, such as pigs or bears, feed 
on infected rodents or meat from other animals. Different animal hosts are implicated in the 
life cycle of the different species of Trichinella. Humans are accidentally infected when 
eating improperly processed meat of these carnivorous animals (or eating food 
contaminated with such meat). It is found mostly in parts of Europe and the United States.

Notes and picture taken from www.dpd.cdc.gov/dpdx/HTML/Trichinellosis.htm – accessed 
December 2009
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PRIONSPRIONS

� Prion diseases (transmissible spongiform encephalopathies) affect animals and 
humans

� Characterized by: 
� long incubation periods 
� characteristic spongiform changes associated with neuronal loss 
� failure to induce inflammatory response

� Most well-known is variant Creutzfeld-Jakob disease caused by ingestion of 
nerve material from infected cattle (first described in 1996).

� Once symptomatic, prion diseases are usually rapidly progressive and always 
fatal.

Prions (pronounced pree ons) are self-replicating, or infectious proteins.  Prion diseases, 
which are also known as transmissible spongiform encephalopathies (TSEs), are a family of 
rare progressive neurodegenerative disorders that affect both humans and animals. They 
are distinguished by long incubation periods, characteristic spongiform changes associated 
with neuronal loss, and a failure to induce inflammatory response.
Most well-known is variant Creutzfeld-Jakob disease caused by human ingestion of nerve 
material from infected cattle. 
The causative agent of TSEs is believed to be a prion. A prion is an abnormal, transmissible 
agent that is able to induce abnormal folding of normal cellular prion proteins in the brain, 
leading to brain damage and the characteristics signs and symptoms of the disease. Once 
symptomatic, prion diseases are usually rapidly progressive and always fatal.
WHO has developed infection control guidelines for transmissible spongiform 
encephalopathies.

References:
•CDC. Prions. Available at www.cdc.gov/ncidod/dvrd/prions/ - accessed December 2009
•WHO infection control guidelines for transmissible spongiform encephalopathies. Report of 
a WHO consultation, Geneva, Switzerland, 23-26 March, 1999. Available at 
www.who.int/csr/resources/publications/bse/WHO_CDS_CSR_APH_2000_3/en/ - accessed 
December 2009
•World Organization for Animal Health – available at www.oie.int/eng/info/en_esbcarte.htm –
accessed December 2009
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OTHER PRION DISEASESOTHER PRION DISEASES

� Kuru
� From cannibalism in New Guinea (historical)

� Creutzfeldt-Jakob disease
� Following human growth hormone treatment

� Chronic wasting disease in deer and elk (US, Canada)
� Risk for humans who eat wild game

There are several other prion diseases that should be mentioned.  Kuru was described in New Guinea among 
people who practiced cannibalism.  Creutzfeld-Jakob disease occurred among children who received human 
growth hormone treatment.  Chronic wasting disease is a transmissible spongiform encephalopathy that occurs 
among elk and deer in Canada and the US.  It is not known whether this can be transmitted to humans.

References:
•Collinge J et al. Kuru in the 21st century--an acquired human prion disease with very long incubation periods. 
Lancet. 2006, 367(9528):2068-74
BACKGROUND: Kuru provides the principal experience of epidemic human prion disease. Its incidence has 
steadily fallen after the abrupt cessation of its route of transmission (endocannibalism) in Papua New Guinea in 
the 1950s. The onset of variant Creutzfeldt-Jakob disease (vCJD), and the unknown prevalence of infection after 
the extensive dietary exposure to bovine spongiform encephalopathy (BSE) prions in the UK, has led to renewed 
interest in kuru. We investigated possible incubation periods, pathogenesis, and genetic susceptibility factors in 
kuru patients in Papua New Guinea. METHODS: We strengthened active kuru surveillance in 1996 with an 
expanded field team to investigate all suspected patients. Detailed histories of residence and exposure to 
mortuary feasts were obtained together with serial neurological examination, if possible. FINDINGS: We identified 
11 patients with kuru from July, 1996, to June, 2004, all living in the South Fore. All patients were born before the 
cessation of cannibalism in the late 1950s. The minimum estimated incubation periods ranged from 34 to 41 
years. However, likely incubation periods in men ranged from 39 to 56 years and could have been up to 7 years 
longer. PRNP analysis showed that most patients with kuru were heterozygous at polymorphic codon 129, a 
genotype associated with extended incubation periods and resistance to prion disease. INTERPRETATION: 
Incubation periods of infection with human prions can exceed 50 years. In human infection with BSE prions, 
species-barrier effects, which are characteristic of cross-species transmission, would be expected to further 
increase the mean and range of incubation periods, compared with recycling of prions within species. These data 
should inform attempts to model variant CJD epidemiology.
•Garruto RM et al. Risk behaviors in a rural community with a known point-source exposure to chronic wasting 
disease. Environ Health. 2008, 24;7:31.
BACKGROUND: The emergence and continuing spread of Chronic Wasting Disease (CWD) in cervids has now 
reached 14 U.S. states, two Canadian provinces, and South Korea, producing a potential for transmission of CWD 
prions to humans and other animals globally. In 2005, CWD spread for the first time from the Midwest to more 
densely populated regions of the East Coast. As a result, a large cohort of individuals attending a wild game feast 
in upstate New York were exposed to a deer that was subsequently confirmed positive for CWD. METHODS: 
Eighty-one participants who ingested or otherwise were exposed to a deer with chronic wasting disease at a local 
New York State sportsman's feast were recruited for this study. Participants were administered an exposure 
questionnaire and agreed to follow-up health evaluations longitudinally over the next six years. RESULTS: Our 
results indicate two types of risks for those who attended the feast, a Feast Risk and a General Risk. The larger 
the number of risk factors, the greater the risk to human health if CWD is transmissible to humans. Long-term 
surveillance of feast participants exposed to CWD is ongoing. CONCLUSION: The risk data from this study 
provide a relative scale for cumulative exposure to CWD-infected tissues and surfaces, and those in the upper 
tiers of cumulative risk may be most at risk if CWD is transmissible to humans.
•Sol-Caubel I et al. Prion diseases in pediatrics. Arch Pediatr. 1999, 6(3):293-301. 
Prion diseases are rare neurologic affections with a poor prognosis, occurring in both humans and animals. 
Creutzfeldt-Jakob disease (CJD) secondary to human extracted growth hormone treatment is the most frequent 
condition in pediatrics. In 1994, a new type of CJD (variant CJD) was described in young adults in the United 
Kingdom, only 10 years after the bovine spongiform encephalopathy epidemic, with recent works showing a direct 
relationship between the bovine epidemic and the human cases. An accumulation of a single protein called the 
prion protein (PrP) has been discovered in the brain in all of these cases, animal and human, leading to the 
hypothesis that a new infectious agent could proceed without any nuclear acid information; another hypothesis is 
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TOXINSTOXINS

� Botulinum

� Mycotoxins (aflatoxins)

� Microcystins (Blue-green algae toxins)

Toxins are produced by natural sources (usually bacteria or fungi), whereas toxicants are 
environmental contaminants that are not produced by natural sources.  Many people mix the 
two up, but these terms have very specific, and different meanings.

Important toxins in food are botulinum toxin, a variety of mycotoxins, and microcystins.  We 
will consider each of these individually.
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TOXINS:  TOXINS:  BOTULINUMBOTULINUM

� Paralytic illness caused by toxin from Clostridium 
botulinum species
� Spores highly stable

� Organism thrives in low oxygen environments

� Illness in infants < 1 year
� Spores germinate in the intestine
� Infants lose head control

USDA

Sources:  

� Home-canned, low acid foods
� asparagus, green beans, beets and corn 

� Honey (mostly infant botulism – few cases)

Botulism is a rare, acute, descending flaccid paralysis caused by the neurotoxin produced by C. 
botulinum. Intoxication results from ingestion of food contaminated with the preformed toxin. Typical 
food vehicles include low-acid canned foods that have been improperly heat-processed, such as 
asparagus, green beans, and corn; more unusual sources have included chili peppers, chopped garlic, 
tomatoes stored in oil, and smoked vacuum-packed fish.
Infant botulism is a recognized variant first described in 1976. The illness in infants is caused by 
ingestion of C. botulinum spores, which subsequently germinate, multiply, and release toxin in the 
infant’s large intestine. A unique epidemiological feature of infant botulism is that all cases occur in 
children less than one year of age, with 95% of cases occurring in the first 6 months of life. Honey is a 
reservoir for C. botulinum and epidemiological studies have implicated honey consumption as a risk 
factor.
The clinical features include constipation, poor feeding, weakness, hypotonia, a striking loss of head 
control, dysphasia and, in severe cases, flaccid paralysis and respiratory failure. All forms of botulism 
can be fatal and are considered severe medical emergencies.

References:
•Botulism Poisoning: Patient scenario. Available at www.ama-
assn.org/ama1/pub/upload/mm/36/2004_food_botulism.pdf – accessed December 2009

•CDC – available at emergency.cdc.gov/agent/botulism/factsheet.asp – accessed December 2009

•USDA – available at www.cfsan.fda.gov/~mow/chap2.html – accessed December 2009

Picture: USDA
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MYCOTOXINSMYCOTOXINS

� Aflatoxins

� Patulin
� Trichothecenes (vomitoxin)

� Fumonisins

Mycotoxins are poisonous substances produced by fungi, and have caused outbreaks of 
mycotoxicosis in humans and in livestock. Many outbreaks have been linked to eating 
mouldy food and feed because of food shortages or because of ignorance of the risks. Such 
practices continue in many parts of the world.

Reference:

•Foodborne illnesses table: Non-infectious agents. Available at: www.ama-
assn.org/ama1/pub/upload/mm/36/2004_food_table_non.pdf – accessed December 2009



Mycotoxins have also been linked to many chronic diseases, including cancer. Public 
health officials are beginning to recognise the importance of the problem. The Food 
and Agricultural Organization (FAO) of the United Nations has estimated that 25% of 
the world's food crops are contaminated by mycotoxins. A study in Asia and Africa 
estimated that 10 to 50% of crops are contaminated. In a Japanese study of Fusarium
toxins in widely separated countries, only a few samples were not contaminated.

Slide courtesy of Dr. Gerald Moy (WHO)
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ChemicalChemical

Aflatoxins 

Trichothecenes

Ochratoxin A

Ergot alkaloids

Fumonisins 

Patulin 

Zearalenone

Aspergillus flavus and 
A. parasiticus

Mainly Fusarium 

Penicillium verrucosum
A. ochraceus

Claviceps purpurea

Fusarium moniliforme

P. expansum

Fusarium spp

corn, peanuts, 
tree nuts, milk

cereals and 
other foods

wheat, barley, 
corn 

rye, barley, wheat 

corn 

apples, pears 

cereals, oil, starch

SourceSource AssociatedAssociated foodfood

MYCOMYCOTOXINSTOXINS
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MYCOMYCOTOXINS: TOXINS: AFLATOXINSAFLATOXINS

Syndromes
� Acute high-dose exposures

� Hemorrhage, acute liver failure and jaundice

� Recent outbreaks in Kenya (2004) involving 
300 patients, more than 100 died

� Chronic low-dose exposure
� Cancer, malabsorption
� Immune effects

Sources:  

� Contaminated corn, 
peanuts, other tree nuts, 
oilseeds

USDA

The growth of moulds on agricultural commodities may result in the production of mycotoxins. For example, aflatoxins are produced 
by Aspergillus flavus growing on corn, peanuts and other nuts. Aflatoxins are potent mycotoxins that have caused much death and 
disease in Africa and Asia.
These toxins are human carcinogens and considered one of the most dangerous contaminants of food and animal feed. Acute 
aflatoxicosis is produced when moderate to high levels of aflatoxins are consumed. Specific, acute episodes of disease ensue may 
include hemorrhage, acute liver damage, edema, alteration in digestion, absorption and/or metabolism of nutrients, and possibly 
death. 
One of the most important accounts of aflatoxicosis in humans occurred in more than 150 villages in adjacent districts of two 
neighboring states in northwest India in the fall of 1974. According to one report of this outbreak, 397 persons were affected and 
108 persons died. In this outbreak, contaminated corn was the major dietary constituent, and aflatoxin levels of 0.25 to 15 mg/kg 
were found. The daily aflatoxin B1 intake was estimated to have been at least 55 ug/kg body weight for an undetermined number of 
days. The patients experienced high fever, rapid progressive jaundice, edema of the limbs, pain, vomiting, and swollen livers. One 
investigator reported a peculiar and very notable feature of the outbreak: the appearance of signs of disease in one village 
population was preceded by a similar disease in domestic dogs, which was usually fatal. Histopathological examination of humans 
showed extensive bile duct proliferation and periportal fibrosis of the liver together with gastrointestinal hemorrhages. A 10-year 
follow-up of the Indian outbreak found the survivors fully recovered with no ill effects from the experience.
A second outbreak of aflatoxicosis was reported from Kenya in 1982. There were 20 hospital admissions with a 60% mortality; daily 
aflatoxin intake was estimated to be at least 38 ug/kg body weight for an undetermined number of days.  In 2004 there were more 
outbreaks of acute aflatoxicosis in Kenya, involving 300 patients (more than 100 died).
Chronic aflatoxicosis results from ingestion of low to moderate levels of aflatoxins. The effects are usually subclinical and difficult to 
recognize. Some of the common symptoms are impaired food conversion and slower rates of growth with or without the production 
of an overt aflatoxin syndrome.  Cancer is also a long-term consequence.  IARC has determined that naturally occurring mixtures of 
aflatoxins cause cancer.  (Group 1: Carcinogenic to humans)

References:
•FDA Bad Bug Book Available at 
www.fda.gov/Food/FoodSafety/FoodborneIllness/FoodborneIllnessFoodbornePathogensNaturalToxins/BadBugBook/ucm071020.ht
m – accessed December 2009
•International Agency for Research on Cancer.  IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 82 
(2002)  Some Traditional Herbal Medicines, Some Mycotoxins, Naphthalene and Styrene Available at:  
monographs.iarc.fr/ENG/Monographs/vol82/index.php – accessed December 2009

Picture: USDA
On top: Aspergilus flavus conidiophore.
Middle: Walnut infected with A. flavus.
Below: Atoxigenic A. flavus biocontrol grain growing on kernels of wheat.
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MYCOMYCOTOXINS: TOXINS: PATULINPATULIN

Syndromes
� Gastrointestinal hyperemia, 

distension, hemorrhage and 
ulceration 

Sources:  

� Apple juice from bruised 
apples

� Pears

USDA

Patulin is a mycotoxin produced by certain species of Penicillium, Aspergillus, and Byssochylamys moulds, and 
has been found in high levels in apple juice made from damaged and bruised apples. On the basis of adverse 
effects observed in animal studies, the Codex Alimentarius Commission has proposed a limit for patulin of 
50 µg/kg in apple juice and apple juice ingredients in other beverages. In deriving this limit, apple juice 
consumption by children was considered because they consume higher amounts relative to their body weight than 
other age groups. Avoiding consumption of bruised apples can also reduce exposure to patulin.

References:
•Baert K. et al. Variability and uncertainty assessment of patulin exposure for preschool children in Flanders. Food 
Chem Toxicol. 2007, 45(9):1745-51. 
The objective of the present study was to evaluate the patulin exposure of children consuming organic, 
handcrafted or conventional apple juice through a probabilistic approach and to evaluate the effectiveness of 
several risk management options aiming to reduce the risk for children due to patulin exposure. However, a large 
part of the data on patulin contamination of apple juice fell under the limit of detection (LOD). Different methods 
were tested to deal with these so-called left censored data and a uniform distribution with uncertain bounds was 
selected to handle this censorship. Variability and uncertainty assessment of patulin exposure showed that 0.9% 
[90% confidence interval (CI): 0.3-1.8%] of the children consuming only organic apple juice exceed the tolerable 
daily intake (TDI). For consumers of conventional and handcrafted apple juice this was respectively 0.1% [90% CI: 
0-0.3%] and 0% [90% CI: 0-0.2%]. Reduction of the patulin contamination in apple juice to concentrations below 
25 microg/kg reduced the percentage of the children exceeding the TDI to 0% [90%CI: 0-0.2%] for organic apple 
juice. Reduction of the apple juice consumption was less effective than a reduction of the patulin concentration in 
apple juice and is only useful when the patulin concentration of apple juice is below 25 microg/kg.
•FDA. Available at www.fda.gov/ICECI/ComplianceManuals/CompliancePolicyGuidanceManual/ucm074427.htm –
accessed December 2009
•JECFA. Patulin. Available at www.inchem.org/documents/jecfa/jecmono/v26je10.htm – accessed December 2009

Picture: www.fas.usda.gov/htp/horticulture/apple_juice.html – accessed December 2009
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MYCOMYCOTOXINS: TOXINS: TRICHOTHECENESTRICHOTHECENES

Sources:  
� Wheat

� Corn

Syndromes
� Vomiting (deoxynivalenol, 

or "vomitoxin")
� Nausea
� Headaches
� Abdominal cramps

WHO

The trichothecenes are a family of toxins produced by many species of Fusarium, Stachybotrys, and Trichoderma
fungi.
IARC has evaluated them and made a determination that deoxynivalenol, nivalenol and T-2 toxin are not 
classifiable with respect to whether or not they cause cancer. ( IARC Group 3: Not classifiable.)

References:
•Bhat RV. et al. Outbreak of trichothecene mycotoxicosis associated with consumption of mould-damaged wheat 
production in Kashmir Valley, India. Lancet. 1989, 1(8628):35-7.
During June to September, 1987, there were reports that a considerable segment of the population of Kashmir 
Valley, India, were affected by a gastrointestinal disorder. Epidemiological investigations and laboratory based 
studies indicated that the outbreak was associated with the consumption of bread made from mould-damaged 
wheat. The disease was not age or sex specific. Evidence of mould damage of wheat consisted of the presence of 
moulds (such as Fusarium sp, Aspergillus sp), and varying quantities of trichothecene mycotoxins (such as 
deoxynivalenol, nivalenol, acetyldeoxynivalenol, T-2 toxin) in samples tested. The symptoms were reproduced in 
dogs fed extracts of contaminated samples. The finding that trichothecene mycotoxins, especially deoxynivalenol
trichothecene, cause symptoms in man emphasizes the need for a reappraisal of its safety limits in food.
•FDA. Available at 
www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/NaturalToxins/ucm120184.ht
m – accessed December 2009
•IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 56 (1993)
Some Naturally Occurring Substances: Food Items and Constituents, Heterocyclic Aromatic Amines and 
Mycotoxins.  Available at: monographs.iarc.fr/ENG/Monographs/vol56/index.php - accessed December 2009
•Leblanc JC. Et al. Estimated dietary exposure to principal food mycotoxins from the first French Total Diet Study. 
Food Addit Contam. 2005, 22:652-72.
This study reports estimates on dietary exposure from the first French Total Diet Study (FTDS) and compares 
these estimates with both existing tolerable daily intakes for these toxins and the intakes calculated during 
previous French studies. To estimate the dietary exposure of the French population to the principal mycotoxins in 
the French diet (as consumed), 456 composite samples were prepared from 2280 individual samples and 
analysed for aflatoxins, ochratoxin A, trichothecenes, zearalenone, fumonisins and patulin. Average and high 
percentile intakes were calculated taking account of different eating patterns for adults, children and vegetarians. 
The results showed that contaminant levels observed in the foods examined 'as consumed' complied fully with 
current European legislation. However, particular attention needs to be paid to the exposure of specific population 
groups, such as children and vegans/macrobiotics, who could be exposed to certain mycotoxins in quantities that 
exceed the tolerable or weekly daily intake levels. This observation is particularly relevant with respect to 
ochratoxin A, deoxynivalenol and zearalenone. For these mycotoxins, cereals and cereal products were the main 
contributors to high exposure.
Picture: WHO
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MYCOMYCOTOXINS: TOXINS: FUMONISINSFUMONISINS

Syndromes
� Abdominal pain
� Borborygmi
� Diarrhoea 
� Esophageal cancer (China)
� Birth defects? (Mexico)

Sources:  

whole kernel corn, corn 
meal, corn flour and 
corn grits 

WHO

IARC found that Fusarium moniliforme culture material and naturally-contaminated corn were possible 
human carcinogens. The toxin is neither mutagenic nor genotoxic. 

References:
•Bhat, RV et al. Journal of Toxicology. 1997, 35 (3): 249-55 
BACKGROUND: Unseasonal rains beginning in 1995 damaged the maize and sorghum crops 
harvested in a few villages of the Deccan plateau in India. Human consumption of those grains 
resulted in a foodborne disease outbreak characterized by abdominal pain, borborygmi and diarrhea. 
METHODS: A rapid epidemiological survey was conducted in the affected villages and a detailed 
house to house survey in selected villages. RESULTS: People in 27 out of 50 villages surveyed were 
affected and disease was seen only in households and subjects consuming the rain damaged moldy 
sorghum or maize. The disease was self limiting. Diarrhea was reproduced in day old cockerels fed 
contaminated grains from affected households. All 20 sorghum and 12 maize samples collected from 
affected households had Fusarium sp. as the dominant mycoflora and contained fumonisin B1 in the 
range of 0.14-7.8 mg/kg and 0.25-64.7 mg/kg, respectively. In contrast, samples collected from 
unaffected households had fumonisin B1 in low levels ranging from 0.07-0.36 mg/kg and 0.05-0.24 
mg/kg, respectively. CONCLUSION: The higher water activity in the grains left in the field following 
harvest led to the production of high levels of fumonisin B1 and consumption of such grains by 
humans resulted in the disease.
•FDA – Available at 
www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/ChemicalConta
minantsandPesticides/ucm109231.htm - accessed December 2009
•IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 56 (1993). Some 
Naturally Occurring Substances: Food Items and Constituents, Heterocyclic Aromatic Amines and 
Mycotoxins.  Available at: monographs.iarc.fr/ENG/Monographs/vol56/index.php – accessed 
December 2009
Picture: WHO
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Range of Regulatory Limits for MycotoxinsRange of Regulatory Limits for Mycotoxins

* Limit of detection

430-1000Zearalenone

2100T-2 toxin

1020-50
Patulin in apple 
juice

61-300
Ochratoxin A in 
food

51000-4000
Deoxynivalenol in 
wheat

170*-1Aflatoxin M1 in milk

480*Aflatoxins in foods

No. of countriesReg limit ( � g/ kg)Mycotoxin

Mycotoxins differ in their chemical and physical properties but most can be considered 
relatively stable to heat and other processes normally applied in the production and 
preparation of food. A number of countries have established limits for mycotoxins in 
particularly susceptible foods

Reference:

•WHO. Basic ood Safety for Health Workers. Available at 
whqlibdoc.who.int/hq/1999/WHO_SDE_PHE_FOS_99.1.pdf – accessed December 2009
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TOXINS: TOXINS: MICROCYSTINSMICROCYSTINS

Sources:  

Health food products

Blue-green algae 
dietary supplements

Syndromes
� Hepatotoxicity
� Neurotoxicity
� Probable tumor promotion

References:
•Gilroy D. et al. Assessing Potential Health Risks from Microcystin Toxins in Blue–Green Algae Dietary 
Supplements. Environmental Health Perspect. 2000, 108:435–439.
The presence of blue–green algae (BGA) toxins in surface waters used for drinking water sources and 
recreation is receiving increasing attention around the world as a public health concern. However, 
potential risks from exposure to these toxins in contaminated health food products that contain BGA 
have been largely ignored. BGA products are commonly consumed in the United States, Canada, and 
Europe for their putative beneficial effects, including increased energy and elevated mood. Many of 
these products contain Aphanizomenon flos-aquae, a BGA that is harvested from Upper Klamath Lake 
(UKL) in southern Oregon, where the growth of a toxic BGA, Microcystis aeruginosa, is a regular 
occurrence. M. aeruginosa produces compounds called microcystins, which are potent hepatotoxins
and probable tumor promoters. Because M. aeruginosa coexists with A. flos-aquae, it can be collected 
inadvertently during the harvesting process, resulting in microcystin contamination of BGA products. In 
fall 1996, the Oregon Health Division learned that UKL was experiencing an extensive M. aeruginosa
bloom, and an advisory was issued recommending against water contact. The advisory prompted calls 
from consumers of BGA products, who expressed concern about possible contamination of these 
products with microcystins. In response, the Oregon Health Division and the Oregon Department of 
Agriculture established a regulatory limit of 1 � g/g for microcystins in BGA-containing products and 
tested BGA products for the presence of microcystins. Microcystins were detected in 85 of 87 samples 
tested, with 63 samples (72%) containing concentrations > 1 � g/g. HPLC and ELISA tentatively 
identified microcystin-LR, the most toxic microcystin variant, as the predominant congener. 
•Health Canada. Cyanobacterial toxins. Available at www.hc-sc.gc.ca/ewh-semt/pubs/water-
eau/cyanobacterial_toxins/toxin-toxines-eng.php – accessed on December 2009
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GLOBAL CLIMATE CHANGEGLOBAL CLIMATE CHANGE

� Higher ambient temperatures
� Different eating behavior
� Faster growth of foodborne pathogens

� More child hospitalizations for diarrhoea/dehydration
� e.g. 8% increase per degree C above normal average during El Niño

Checkley.  Lancet 2000:355;442

Alberta 1992-2000. Reported cases of
Campylobacter, E coli, Salmonella
diarrhoea by week and temperature

Fleury.  Int J Biometerology, 2006, 50:385-91

Foodborne diseases are likely to increase with global climate change. This is partly because 
of changes in eating behaviour including more outdoor food preparation and dining, and 
partly because many foodborne pathogens grow faster in warmer weather.  There will be 
more children with diarrhoea and likely more hospitalizations for dehydration.  In one 6-year 
study from Peru, researchers found an 8% increase in hospitalizations for diarrhoea and 
dehydration for every degree centigrade above the normal average temperature. This 
analysis controlled for seasonal variations and long-term trends, thus imparting high 
confidence to the observed relationship of diarrhoeal disease with temperature. 

This chart shows a clear correlation between peak temperatures and peaks in cases of 
Campylobacter, E coli and Salmonella infections in Alberta, Canada.  Hot weather yields 
more illness.

References:
•Checkley W, et. al. Effect of El Niño and ambient temperature on hospital admissions for 
diarrhoeal diseases in Peruvian children. Lancet. 2000, 355(9202):442-50 
•Fleury M, et al. A time series analysis of the relationship of ambient temperature and 
common bacterial enteric infections in two Canadian provinces. Int J Biometeorol. 2006, 
50(6):385-91.  

Graph: Fleury M, et al. A time series analysis of the relationship of ambient temperature and 
common bacterial enteric infections in two Canadian provinces. Int J Biometeorol. 2006 
Jul;50(6):385-91. Used with copyright permission.
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GLOBAL WARMING AND DIARRHOEAL DISEASESGLOBAL WARMING AND DIARRHOEAL DISEASES

Annual average temperature 
and average reporting rates 
for diarrhoeal disease, Pacific 
Islands (1986-1994). r2 = 0.49; 
p < 0.05. 

Singh. Environmental Health Perspectives, 2001, 109: 155-159.

A time series analysis in Fiji assessed the relation between monthly reported incidence of diarrhoea and variations 
in temperature and rainfall, allowing for the effects of seasonal variation and long-term trends. The reported 
incidence increased by approximately 3% for each degree increase in temperature, by 2% per unit increase in 
rainfall above 5 x 10-5 kg/m2 per minute (average rainfall conditions), and by 8% per unit decrease in rainfall below 
this level.

Future changes in mean climatic conditions and in the occurrence of extreme weather events are likely to 
significantly affect the incidence of diarrhoeal disease in children. As well as meteorological influences on 
microbial exposures, child diarrhoeal disease may also increase because drinking water becomes contaminated 
by toxins from warming-induced algal blooms.

Reference:
•Singh RB. Et al. The influence of climate variation and change on diarrhoeal disease in the Pacific Islands. 
Environmental Health Perspectives, 2001, 109: 155-159.
ABSTRACT:  Freshwater resources are a high-priority issue in the Pacific region. Water shortage is a serious 
problem in many small island states, and many depend heavily on rainwater as the source of their water. Lack of 
safe water supplies is an important factor in diarrheal illness. There have been no previous studies looking 
specifically at the relationship between climate variability and diarrhea in the Pacific region. We carried out two 
related studies to explore the potential relationship between climate variability and the incidence of diarrhea in the 
Pacific Islands. In the first study, we examined the average annual rates of diarrhea in adults, as well as 
temperature and water availability from 1986 to 1994 for 18 Pacific Island countries. There was a positive 
association between annual average temperature and the rate of diarrhea reports, and a negative association 
between water availability and diarrhea rates. In the second study, we examined diarrhea notifications in Fiji in 
relation to estimates of temperature and rainfall, using Poisson regression analysis of monthly data for 1978-1998. 
There were positive associations between diarrhea reports and temperature and between diarrhea reports and 
extremes of rainfall. These results are consistent with previous research and suggest that global climate change is 
likely to exacerbate diarrheal illness in many Pacific Island countries. 

Graph: Singh RB. Et al. The influence of climate variation and change on diarrhoeal disease in the Pacific Islands. 
Environmental Health Perspectives, 2001, 109: 155-159. Used with copyright permission.
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GLOBAL CLIMATE CHANGE & MYCOTOXINSGLOBAL CLIMATE CHANGE & MYCOTOXINS

� Drought: weakens seed kernels of plants, allowing 
greater fungal contamination

� Flooding: causes moist conditions that promote fungal 
growth

� Aflatoxins are specifically expected to become more 
prevalent

� Young children among most vulnerable
� Bunyavanich S et al.  Ambul Pediatr 2003;3:44-52.

Enrique Montenegro

Global climate change is likely to lead to warmer temperatures and extreme weather events.  These encourage 
the growth of mycotoxin-producing fungi, including Aspergillus, Claviceps, Stachybotrys, and Fusarium spp. 
Mycotoxins are implicated in the pathogenesis of cancers, ergotism, and birth defects. 

Reference:  

• Bunyavanich S. et al. The impact of climate change on child health. Ambul Pediatr. 2003, 3:44-52.

Human activity has contributed to climate change. The relationship between climate and child health has not been 
well investigated. This review discusses the role of climate change on child health and suggests 3 ways in 
which this relationship may manifest. First, environmental changes associated with anthropogenic 
greenhouse gases can lead to respiratory diseases, sunburn, melanoma, and immunosuppression. Second, 
climate change may directly cause heat stroke, drowning, gastrointestinal diseases, and psychosocial 
maldevelopment. Third, ecologic alterations triggered by climate change can increase rates of malnutrition, 
allergies and exposure to mycotoxins, vector-borne diseases (malaria, dengue, encephalitides, Lyme 
disease), and emerging infectious diseases. Further climate change is likely, given global industrial and 
political realities. Proactive and preventive physician action, research focused on the differential effects of 
climate change on subpopulations including children, and policy advocacy on the individual and federal levels 
could contain climate change and inform appropriate prevention and response.
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CHEMICALSCHEMICALS

� Pesticides

� Persistent organic pollutants (POPs)
� Mercury

� Lead
� Food additives

Some chemicals that can cause foodborne diseases include pesticides, persistent organic 
pollutants (POPs), mercury, lead, and some food additives.



41

Children and Food SafetyChildren and Food Safety

CHEMICALS:  CHEMICALS:  PESTICIDESPESTICIDES

� Adversely affect the developing nervous system of animals:

� Organochlorines
� Organophosphorus compounds
� Carbamates, 
� Chlorophenoxy herbicides
� Pyrethroids

� Different chemicals for different purposes:

� Insecticides
� Herbicides
� Fungicides
� Rodenticides
� Fumigants
� Insect repellents

Ceppi, Corra

Pesticides perform an important role in maximizing agricultural production and protecting the 
food supply. But because of their inherent toxicity and widespread use, pesticides also pose 
a threat to public health, particularly to infants and children.

High doses of pesticides cause acute poisoning. Epidemiological studies and laboratory 
studies in animals contribute to a growing body of evidence linking pesticide exposure to 
adverse health effects including cancer, birth defects, reproductive harm, neurological and 
developmental toxicity, immunotoxicity and disruption of the endocrine system. A major 
concern for the young is that, during the first six years of life, the child’s central nervous 
system is still developing and is likely to be vulnerable to neurotoxic pesticides.

Most major classes of pesticides, including the organochlorines, organophosphorus 
compounds, carbamates, chlorophenoxy herbicides, and pyrethroids, have been shown to 
adversely affect the developing nervous system of laboratory animals, altering neurological 
function and causing subtle neurobehavioural impairments. Many of these pesticides share a 
common mechanism of toxicity, but their cumulative impact on children’s health has not yet 
been fully assessed.

Picture: Ceppi, Corra. Argentina, young boys and rural work with pesticides. Used with 
permission
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CHEMICALS:  CHEMICALS:  PERSISTENT ORGANIC POLLUTANTSPERSISTENT ORGANIC POLLUTANTS

DDT in Breast Milk (Sweden)

Dieldrin in Breast Milk (Sweden)

Solomon, 2002

Solomon, 2002

Persistent organic pollutants (POPs) are a group of toxic chemical substances that persist in the environment, 
bioaccumulate along the food chain, and are a risk to human health. Twelve substances were initially classified as 
POPs under the Stockholm Convention : aldrin, chlordane, dichlorodiphenyl trichloroethane (DDT), dieldrin, endrin, 
heptachlor, mirex, toxaphene, polychlorinated biphenyls (PCBs), hexachlorobenzene, dioxins and dibenzofurans. 
Most of these, with the exception of DDT used for malaria control, have been, or are in the process of being, 
phased out. Since 2009, the list has also extended to include new substances. 
POPs resist biodegradation and are insoluble in water, but are readily stored in fatty tissue where concentrations 
can reach 70 000 times the background level. Long-lived species of fish, birds and mammals, including humans, 
have the greatest concentrations. These pollutants may accumulate in fatty tissues in the human body for many 
years, and may be passed to infants in breast milk.
The potential health effects of POPs include cancer, allergies, hypersensitivity and disorders of the nervous and 
immune systems. Of particular concern are dioxins (including dibenzofurans and dioxin-like PCBs) that may 
function as endocrine disrupters. Low-level exposure to such substances is particularly critical for the fetus and 
infants, because of their very low levels of circulating hormones. Dioxins can pass through the placenta directly to 
the fetus, and may cause developmental problems. Breastfeeding infants can receive up to 14% of their lifetime 
exposure to dioxins through breast milk. Because reproductive and developmental processes are extremely 
sensitive to endocrine-disruptive compounds, there is an urgent need for better risk characterization and improved 
evaluation procedures. In any case, it may be prudent to reduce the use and emissions of these substances and 
to establish limits for their presence in food and animal feed. An assessment of the current knowledge on 
endocrine disrupters has been prepared by WHO through the International Programme on Chemical Safety.
At the country level the evidence proves that restrictions and bans work. This slides shows long term trends in 
Sweden of decreasing breast milk contamination with POPs like DDT and dieldrin.  

References:
•Convention on Persistent Organic Pollutants. Nairobi, United Nations Environment Programme. Available at 
www.pops.int – accessed December 2009.
•Cooper. Endocrine disrupters and reproductive development: a weight-of-evidence overview. Journal of 
endocrinology, 1999, 152; 159.
•Global assessment of the state-of-the-science on endocrine disrupters. Geneva, World Health Organization, 
2002. Available online at: www.who.int/ipcs/publications/new_issues/endocrine_disruptors/en/ - accessed 
December 2009

Pictures: Solomon, Chemical contaminants in breast milk: time trends and regional variability. EHP (2002) 110 (6), 
A339. Reproduced with permission from EHP.
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POPs IN THE ENVIRONMENT

���

������	


����


�	�����

��	������	


������

�����
����������

�����	���
�
�	�����	�

�������
���� ���

����������

� ��	�!��
	�

� ����

� ���!

� ��	����
�

SOURCES

"����#$���"����#$���

%������&%������&

 �	��
�'�''��� �	��
�'�''���
UNEP

•POPs have an anthropogenic origin: industrial processes, waste (e.g. medical), traffic and 
agriculture. A few may be of natural origin, e.g. from volcanic eruptions.
•POPs are released into air, water and land – from where they deposit into water, sediment,
and enter the food-chain
•POPs are globally distributed through the air and ocean currents – they travel long 
distances and enter into atmospheric processes, air–water exchange and cycles involving 
rain, snow and dry particles. These processes lead to the exposure of even remote 
populations of humans and animals that depend on aquatic foods. Humans and animals are 
exposed mainly via ingestion of contaminated aquatic foodstuffs.
•POPs travel long distances and are found in places far away from industrial sites or from 
agricultural areas, such as the Arctic circle.

Picture: UNEP

References:

•Fourth WHO-Coordinated survey of Human Milk for Persistent Organic Pollutants in 
Cooperation with UNEP -Guidelines for Developing a National Protocol. World Health 
Organization, 2007. Available at: www.who.int/foodsafety/chem/POPprotocol.pdf – accessed 
December 2009

•Pronczuk J et al. Breast Milk: An Optimal Food. Environmental Health Perspectives, 2004, 
112 (13): A722-723. 



44

Children and Food SafetyChildren and Food Safety

TEMPORAL TREND OF PCDD/F IN HUMAN MILK
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This graph shows the temporal trend of PCDD/F in human milk.  The dark green bars are 
from 1988, the light green bars are from 1993, and the yellow bars are from 2002.  You can 
see that levels of PCDD/F in human milk are decreasing over time in many different 
countries.

Slide kindly provided by Dr. G. Moy (WHO)



45

Children and Food SafetyChildren and Food Safety

ADVANTAGES OF BREASTFEEDINGADVANTAGES OF BREASTFEEDING

� Evidence for the health advantages of breastfeeding and 
scientific evidence to support breastfeeding has 
continued to increase.

� Breastfeeding reduces child mortality and has health 
benefits that extend into adulthood. 

� Exclusive breastfeeding for 6 months is the 
recommended feeding mode for infants, followed by 
continued breastfeeding with appropriate complementary 
foods for up to 2 years.

Despite the fact that POPs can be found in breast milk, there are many advantages of 
breastfeeding.  

<<READ SLIDE>>
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CHEMICALS:  CHEMICALS:  MERCURYMERCURY

Mercury in water bodies

Bio-transformed to methylmercury

Bio-concentrated in food chain

Major source long-lived, predatory fish

Fetus and very young most vulnerable
� Brain development most sensitive

EPA

Mercury occurs naturally in soils and rocks but is also used in a number of industrial 
applications. Organic mercury, principally in the form of methylmercury, is the most 
hazardous form.

Food is the main source of exposure to methylmercury and, for the fetus, the main source of 
exposure is the maternal diet. The highest levels of mercury in food are typically found in 
fish, particularly the long-lived, large, predatory fish at the top of the food chain, e.g. shark, 
swordfish, and tuna. 

For the vast majority of consumers, the level of mercury in fish does not pose any significant 
health risk. However, the fetus and young children are more vulnerable to the harmful effects 
of mercury than adults. Mercury is toxic to the developing foetal brain, and exposure in the 
womb may lead to neurobehavioural effects such as deficits in motor skills, attention, 
language, visual-spatial skills and memory. The Codex Alimentarius Commission has 
established guideline levels for total mercury in predatory and non-predatory fish. In some 
countries, pregnant women are advised to limit their consumption of certain fish.

<<NOTE TO USER:  Please refer to module on Mercury in the WHO Training Package 
for the Health Sector.>>
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CHEMICALS: MERCURYCHEMICALS: MERCURY

� Predator fish have highest Hg and lowest omega 3

� Small fish have highest omega 3 and lowest Hg

WHO

It is important to recognize that large predator fish have the highest levels of mercury and 
the lowest levels of omega 3 fatty acids, while small fish have the lowest levels of mercury 
and the highest levels of omega 3 fatty acids.  

Reference:
•Mozaffarian D, Rimm EB. Fish intake, contaminants, and human health: evaluating the risks 
and the benefits. JAMA. 2006, 296:1885-99.  

Picture: WHO
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CHEMICALS:  CHEMICALS:  LEADLEAD

� Crops may be contaminated by airborne lead 

� Food may be contaminated by lead in:
� Glazed ceramics
� Solder in cans
� Spices
� Water from lead pipes
� Breast milk can contain lead

� Neurodevelopment most sensitive
� There may be not threshold
� Infants and young children are most vulnerable

Lead occurs naturally in the environment and has many industrial uses. Small amounts of lead can be 
harmful, especially to the fetus, infant and young child. During pregnancy, especially in the last 
trimester, lead can cross the placenta. Cognitive and growth defects may occur in infants whose 
mothers are exposed to lead during pregnancy. Lead exposure is also serious for young children 
because they absorb it more easily than adults and are more susceptible to its harmful effects. Even 
low-level exposure may reduce intelligence, result in learning disabilities and behavioural
abnormalities, and cause kidney damage.
Airborne lead from automobile exhaust may contaminate crops or soil; lead may also be introduced 
into water by certain household water systems. Lead can enter food, especially acidic food such as 
fruit juice, from lead-based glazes and lead-soldered cans. It may also be an intentional (or non-
intentional) contaminant in spices (e.g. paprika) and cosmetics (e.g. kohl). Infants may also ingest lead 
in breast milk.
There is no threshold level believed to be safe for infants and young children. However, the Joint 
FAO/WHO Expert Committee on Food Additives (JECFA) has established a provisional tolerable 
weekly intake (PTWI) for lead of 0.025 mg/kg of body weight .

Reference: 
•Safety evaluation of certain food additives and contaminants. Geneva, World Health Organization, 
2000. (WHO Food Additives Series No. 44).

<<NOTE TO USER:  Please refer to module on Lead in the WHO Training Package for Health 
Care Providers.>>
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CHEMICALS:  CHEMICALS:  FOOD ADDITIVESFOOD ADDITIVES

� Direct (or intentional) additives
� Preservatives
� Colour and flavour enhancers

� Indirect or inadvertent additives
� Leachates from packaging/processing

• Phthalates
• Bisphenol A

� Supplements of nutrients
� Folate, Vitamin D, Iodine, Iron

� Food additives that have gone through 
regulatory testing & have been assessed 
(e.g. by JEFCA) are considered safe

WHO

Public health concerns about the use of food additives, such as preservatives, artificial colouring agents, flavour
enhancers, sweeteners, and antimicrobials, are generally unfounded. Most industrialized countries have 
registration and approval processes which are designed to ensure that only substances that have met exacting 
safety assessments are used. JECFA provides reference intakes for a range of direct and indirect food additives. 
An acceptable daily intake (ADI) may be established for a chemical and its toxicologically significant degradation 
and metabolic products if data demonstrate that exposure to the chemical under its proposed conditions of use 
would pose no appreciable risk to the consumer over a lifetime. JECFA has, however, stated that ADIs should not 
be considered applicable to neonates and infants up to the age of 12 weeks. In addition, there is some evidence 
to suggest that certain food additives may produce specific effects in children, such as attention and hyperactivity 
disorders. 
The consumption of supplementary vitamins and minerals is indicated in certain situations, but excessive use may 
pose health problems. Commercial fortified products include vitamin D fortified milk, iodized salt, and iron-
supplemented cereals. In addition, there is widespread promotion of the use by pregnant women of folic acid 
supplements to prevent spina bifida, vitamin K to prevent haemorrhagic disease of the newborn, and vitamin A to 
reduce the risk of xerophthalmia in infants. However, there are also dangers associated with excessive intake of 
vitamins and minerals. For example, excess vitamin A can result in bone disease and increased intracranial 
pressure, while excess vitamin D can cause kidney disease. Such excesses are unlikely to be a result of dietary 
intake, but rather of excessive use of supplements. Consequently, it is best to seek medical advice before taking 
such supplements.
Food additives that have gone through regulatory testing and have been assessed (e.g. by JEFCA: Joint 
FAO/WHO Expert Committee on Food Additives) are considered safe.

Reference:
•IPCS. Principles for evaluating health risks from chemicals during infancy and early childhood: the need for a 
special approach. Geneva, World Health Organization, 1986 (Environmental Health Criteria, No. 59).

Picture: WHO
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FOOD ADDITIVES: FOOD ADDITIVES: MELAMINEMELAMINE

� Kidney stones
� Kidney failure
� Death

Sources:  

Infant formula (China, 2008)

There was a food contamination event in 2008 in China, involving infant formula that was 
contaminated with melamine.   Over 6240 cases of kidney stones in infants (with three deaths) were 
reported from across China as of 17 September, 2008. Kidney stones in infants are very rare. 

The Ministry of Health of China confirmed that these cases were related to melamine-contaminated 
powdered infant formula consumed by the infants. While the exact onset date of illness resulting from 
contamination is unknown, a manufacturer received a complaint of illness in March 2008.

Following inspections conducted by China’s national inspection agency, at least 22 dairy 
manufacturers across the country were found to have melamine in some of their products (levels 
varied between 0.09mg/kg and 2.560 mg/kg). Two companies exported their products to Bangladesh, 
Burundi, Myanmar, Gabon and Yemen. While contamination in those exported products remains 
unconfirmed, a recall was ordered from China. 

The TDI (tolerable daily intake) for melamine has been established at 0.2 mg/kg body weight. Based 
on this, a 5 kg infant can have a tolerable amount of 1 mg melamine per day. 

References:

•Guan N, et al. Melamine-contaminated powdered formula and urolithiasis in young children. N Engl J Med. 2009, 
360:1067-74

BACKGROUND: A recent epidemic of melamine contamination of baby formula in China has been associated with 
the development of urinary tract stones, though the clinical manifestations and predisposing factors are 
incompletely delineated. METHODS: We administered a questionnaire to the parents of children 36 months of age 
or younger who were being screened for a history of exposure to melamine and symptoms of, and possible 
predisposing factors for, urinary tract stones. In addition, we performed urinalysis, renal-function and liver-function 
tests, urinary tests for biochemical markers and the calcium:creatinine ratio, and ultrasonography. Powdered-milk 
infant formulas were classified as having a high melamine content (>500 ppm), a moderate melamine content 
(<150 ppm), or no melamine (0 ppm); no formulas contained between 150 and 500 ppm of melamine. RESULTS: 
Contaminated formula was ingested by 421 of 589 children. Fifty had urinary stones, including 8 who had not 
received melamine-contaminated formula; 112 were suspected to have stones; and 427 had no stones. Among 
children with stones, 5.9% had hematuria and 2.9% had leukocyturia, percentages that did not differ significantly 
from those among children who were suspected to have stones or those who did not have stones. Serum 
creatinine, urea nitrogen, and alanine aminotransferase levels were normal in the 22 children with stones who 
were tested. Four of the 41 children (9.8%) who had stones and in whom urinary markers of glomerular function 
were measured had evidence of abnormalities; none had tubular dysfunction. Children exposed to high-melamine 
formula were 7.0 times as likely to have stones as those exposed to no-melamine formula. Preterm infants were 
4.5 times as likely to have stones as term infants. CONCLUSIONS: Prematurity and exposure to melamine-
contaminated formula were associated with urinary stones. Affected children lacked typical signs and symptoms of 
urolithiasis. 
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FOODBORNE HAZARDS: DEVELOPING FOETUSFOODBORNE HAZARDS: DEVELOPING FOETUS

WHO

Pictures: WHO



52

Children and Food SafetyChildren and Food Safety

FOODBORNE HAZARDS: DEVELOPING FOETUSFOODBORNE HAZARDS: DEVELOPING FOETUS

Avoid raw and undercooked 
meat.
Avoid contact with cat's faeces 
or close contact with cats.

Women infected during 
pregnancy may transmit 
the infection to the 
fetus, possibly leading 
to stillbirth or birth 
defects, e.g. hearing or 
visual impairments, 
mental retardation. 

Toxoplasmosis
(Toxoplasma
gondii) 

Risk ReductionHazardDisease/Agent

The developing fetus is at risk from infectious agents and toxic chemicals that may cross the 
placenta. Obviously, the exposure of the fetus is a result of exposure of the woman during 
pregnancy and, in some cases, before pregnancy. Because of the potential adverse health 
outcome for the developing fetus, women should be informed about these foodborne 
hazards. 

Toxoplasmosis

<<READ SLIDE>>

There is currently insufficient evidence to confirm that treating mothers who seroconvert 
during pregnancy can prevent fetal infection and improve infant outcomes.
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FOODBORNE HAZARDS: DEVELOPING FOETUSFOODBORNE HAZARDS: DEVELOPING FOETUS

Listeria is destroyed by cooking, 
but will grow at refrigeration 
temperatures.

DO NOT EAT :  Refrigerated pates, 
meat spreads, cold meats, soft 
unpastuerized cheese, blue-vein 
cheese, unpasteurized milk, 
prepared or stored salads, smoked 
seafood, raw fish, expired 
refrigerated foods.

Women infected
during pregnancy may
transmit the infection
to the foetus, possibly
leading to

spontaneous abortion
or infants born with
visual, mental, or
other problems.

Listeriosis
(Listeria
monocytogenes)

Risk ReductionHazardDisease

<<READ SLIDE>>

The increased use of refrigeration to prolong the shelf life of food has contributed to the 
emergence of L. monocytogenes as a food hazard. 

For pregnant women the following advise should be given:

· Do not eat refrigerated pates, meat spreads, or cold meats

· Do not drink unpasteurized milk or eat foods that contain unpasteurized milk.

· Do not eat soft unpasteurized cheese or blue-vein cheese.

· Do not eat prepared or stored salads.

· Do not eat refrigerated smoked seafood such as salmon, trout, tuna, or mackerel..

· Do not eat raw fish such as sashimi, sushi, ceviche, roe, mussels or oysters.

· Do not eat refrigerated foods that are past their expiry dates.
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FOODBORNE HAZARDS: DEVELOPING FOETUSFOODBORNE HAZARDS: DEVELOPING FOETUS

Methylmercury:
Avoid consuming large amounts 
of  fish that bioaccumulate
methylmercury, such as large 
predatory fish (e.g. tuna, 
swordfish, etc).
Lead:
Avoid ceramic dishes and 
canned food with lead-soldered 
seams.
Wash vegetables and fruit 
thoroughly
Avoid food produced or 
prepared near busy roads. 

Heavy metals may
cross the placenta
resulting in exposure of
the developing foetus.

These substances can
be neurotoxic, result in
reduced intelligence,

and lead to behavioural
problems. 

Heavy metals
(mercury, lead)

Risk ReductionHazardDisease/Agent

<<READ SLIDE>>

Because methylmercury is eliminated slowly from the body, a mother can decrease the 
potential exposure to a foetus by eliminating all high mercury containing fish for 6-12 months 
prior to pregnancy.  Lead, however, is not eliminated from the body, and will enter the 
circulation from bone during pregnancy unless the mother is well nourished particularly with 
calcium-containing foods.
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FOODBORNE HAZARDS: DEVELOPING FOETUSFOODBORNE HAZARDS: DEVELOPING FOETUS

Avoid foods (esp. meat and dairy 
products) that may
contain high levels of
POPs (persistent organic 
pollutants).

NOTE: It is important
to reduce the use and
emissions of POPs

and to establish limits
for food and animal feed.

POPs may cross
the placenta
resulting in
exposure of the

developing foetus.

POPs may cause
behavioural
problems, hormone
disturbances, and
cancer.

POPs
including
dioxins and
PCBs

Risk ReductionHazardDisease/Agent

<<READ SLIDE>>

POPs build up in the body over a lifetime, therefore a mother may not be able to have 
significant impact on body burden and foetal exposure unless she has been careful to avoid 
foods high in POPs since childhood.
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FOODBORNE HAZARDS: DEVELOPING FOETUSFOODBORNE HAZARDS: DEVELOPING FOETUS

Avoid alcohol use and food 
containing alcohol during 
pregnancy. 

Drinking alcohol
during pregnancy can
cause birth defects and
developmental
disabilities. One of the

most severe outcomes
is foetal alcohol
syndrome (FAS), –
Disorder of the brain,
growth retardation, and
facial malformation. 

Ethyl alcohol

Risk ReductionHazardDisease/Agent

Drinking alcohol during pregnancy can cause birth defects and developmental disabilities. 
Children exposed to alcohol in the womb can suffer an array of disorders, from subtle 
changes in intelligence to profound mental retardation. They may also suffer growth 
retardation and be born with birth defects.

One of the most severe outcomes is foetal alcohol syndrome (FAS) which includes three 
abnormalities – disorder of the brain, growth retardation, and facial malformation, and foetal
alcohol spectrum disorders (FASD).

<<READ SLIDE>>
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BREASTFED AND BOTTLEBREASTFED AND BOTTLE --FED INFANTSFED INFANTS

WHO

Breast milk is the most nutritious and safest food for the newborn infant. Exclusive breastfeeding 
minimizes exposure of the infant to foodborne and waterborne pathogenic microorganisms, and 
confers protection to the infant through the anti-infective properties of breast milk. However breastfed 
infants can be at risk from a range of chemicals that may be present in breast milk. These may come 
from the maternal diet during nursing, but may also come from the release of substances that had 
accumulated in the mother's adipose tissue. Certain infectious agents may also be transmitted through 
breast milk.
Bottle-fed infants may be exposed to a range of food- and waterborne pathogens. Bacterial 
contamination of bottles is an important source of diarrhoea in infants. This is particularly a problem in 
developing countries and in other situations where environmental sanitation is poor. Breast-milk 
substitutes, such as powdered infant formula, may contain viable pathogenic microorganisms. 
Infections in infants fed with contaminated formula products containing Salmonella spp. and other 
bacteria from the family Enterobacteriaceae have been reported. In some countries, teats 
contaminated with N-nitrosamines can still be found.

References:
•WHO. Food Safety and Nutrition During Pregnancy and Infant Feeding. INFOSAN, 2008. Available 
at: www.who.int/foodsafety/fs_management/No_03_nutrition_Apr08_en.pdf – accessed December 
2009
•WHO. Five Keys to Safer food. Available at: 
http://www.who.int/foodsafety/consumer/5keys/en/index.html – accessed December 2009

Picture: WHO
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PREVENTING  BACTERIAL FOODBORNE DISEASES PREVENTING  BACTERIAL FOODBORNE DISEASES 
IN INFANTSIN INFANTS

� Breast milk is the safest food for infants.
� Sterile in healthy mother
� Good personal hygiene

� If bottle feeding
� Select good quality infant formula.
� Use safe or boiled water when preparing formula.
� If using powdered infant formula (non-sterile) bring reconstituted mix to 

70°C and then cool.
� Do not store prepared formula.
� Wash and boil bottles and teats after every feeding. If possible, use a 

cup instead.
� Wash hands after changing the baby, using the toilet, handling raw food 

or touching animals.
� Follow safe food handling practices. 

<<READ SLIDE>>
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POTENTIAL HAZARDS FOR BREASTFEEDING INFANTSPOTENTIAL HAZARDS FOR BREASTFEEDING INFANTS

Avoid excess weight loss during 
breast feeding

Neurobehavioral, 
hormonal, cancer

POPs

Avoid large predatory fishNeurobehavioral 
disturbances

Mercury

Avoid ceramics, lead solder cans, 
wash food thoroughly 

Neurobehavioral 
disturbances

Lead

When replacement feeding is 
acceptable, feasible, affordable, 
sustainable and safe, avoidance of all 
breastfeeding by HIV-infected 
mothers is recommended

HIV, CMV, othersViruses

Risk Reduction MeasuresHazardAgent

Exposure of the infant to substances such as lead and methylmercury can be neurotoxic, 
result in reduced intelligence, and lead to behavioural problems.
Lead
Avoid ceramic dishes and canned food with lead-soldered seams. Wash vegetables and fruit 
thoroughly. Avoid food produced or prepared near busy roads.
Methylmercury
Avoid consuming large amounts of  fish that bioaccumulate methylmercury, such as large 
predatory fish.
POPs including dioxins and PCBs
Exposure of the infant can lead to behavioural problems, hormone disturbances, and cancer. 
Human breast milk may contain lipophilic POPs. Avoid excessive weight loss during 
breastfeeding. NOTE: It is important  to reduce the use and emissi ons of POPs and to 
establish limits for food and animal feed.

References:
•UNICEF, WHO, United Nations Population Fund, UNAIDS.  HIV and Infant Feeding: 
Guidelines for Decision-makers. Available at: whqlibdoc.who.int/hq/2003/9241591226.pdf –
accessed December 2009
•WHO HIV and Infant Feeding Technical Consultation. Held on behalf of the Inter-agency 
Task Team (IATT) on Prevention of HIV Infections in Pregnant Women, Mothers and their 
Infants, Geneva, October 25-27, 2006. Available at:
www.who.int/child_adolescent_health/documents/pdfs/who_hiv_infant_feeding_technical_co
nsultation.pdf – accessed December 2009
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POTENTIAL HAZARDS FOR FORMULAPOTENTIAL HAZARDS FOR FORMULA --FED INFANTSFED INFANTS

Breast feed or use low nitrate waterInfant formula from 
contaminated water

Nitrates

Breast feed, or prepare with water >
70 C, cool, do not store

Powdered infant formulaE sakazakii, 
Salmonella

Breast feed or check source of 
powdered infant formula

Powdered infant formula 
from some Chinese 
companies (2008)

Melamine

Breast feed or use boiled water to 
prepare formula

Infant formula from 
contaminated water

Bacteria

Risk Reduction MeasuresHazardAgent

This is a review of some of the potential hazards for formula-fed infants.  These include 
contamination of formula with bacteria from the water used to prepare the formula, 
contamination of powdered infant formula with melamine, Enterobacter sakazakii, or
Salmonella, and preparing infant formula using water with high nitrate concentrations.

Methaemoglobinaemia - Ingestion of nitrate and nitrite by infants results in the formation of 
methaemoglobin, which reduces the oxygen-carrying capacity of blood. Ensure well water 
and water used to prepare breast milk substitutes is low in nitrate. 

More rare hazards have occurred when soy milk formula was marketed without salt, 
resulting in some infant deaths (1978).  

Reference:

•WHO. Safe preparation, storage and handling of powdered infant formula. Available at: 
www.who.int/foodsafety/publications/micro/pif2007/en/index.html - accessed December 
2009
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CHILDREN & INFANTS OVER 6 MONTHSCHILDREN & INFANTS OVER 6 MONTHS

� Cook all food thoroughly.

� Avoid storing cooked food.

� Avoid contact between raw 
foodstuffs and cooked foods.

� Wash fruits and vegetables.

� Use safe water.

� Wash hands repeatedly.

� Protect food from insects, rodents 
and other animals.

� Store non-perishable foodstuffs in 
a safe place.

� Keep all food preparation 
premises meticulously clean.

� Purchase food from reliable sources. 

� Practice good personal hygiene during 
food handling and preparation activities.

� Do not eat or drink foods containing raw 
eggs, or raw unpasteurized milk and 
fruit juice. 

� Avoid keeping food at room 
temperature for more than 2 hours.

� Ensure that persons with diarrhoea, 
especially children, wash their hands 
after using the toilet. 

When infants reach the age of about 6 months, they should normally be given 
complementary foods to meet their evolving nutrient requirements. With the introduction 
of such foods, infants may be exposed to a range of contaminants. These include 
pathogenic microorganisms and their toxins, and various chemical contaminants of 
foodstuffs, e.g. lead, mercury and pesticides. Diarrhoea is a leading cause of death in 
children under the age of five. In developing countries, diarrhoeal disease may be 
responsible for over 40% of all deaths in children. Contaminated complementary foods 
account for a substantial proportion of diarrhoeal illness among infants and young 
children. Such foods may also expose infants to toxic chemical substances. 

<<READ SLIDE>>

References:
• Fikree. Time to focus child survival programs on the newborn: assessment of levels and 

causes of infant mortality in rural Pakistan. Bulletin of the World Health Organization, 
2002, 80(4): 271.

• Motarjemi Y et al. Contaminated weaning food: a major risk factor for diarrhoea and 
associated malnutrition. Bulletin of the World Health Organization, 1993, 71 (1):79. 
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SELECTED SLIDES SELECTED SLIDES 
FROMFROM

WHO "TRAIN THE TRAINERS" WHO "TRAIN THE TRAINERS" 
MATERIALS MATERIALS 

"FIVE KEYS TO SAFER FOOD""FIVE KEYS TO SAFER FOOD"

The following set of slides are part of the WHO "train the trainers" materials "Five keys to 
safer food" – developed by the Department of Food Safety, Zoonoses and Foodborne
Diseases (FOS), that has kindly lent them for inclusion in this module. For more information 
on these materials, please visit the website 
www.who.int/foodsafety/consumer/5keys/en/index.html
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Core Information Why?

• Wash your hands before handling food 
and often during food preparation
• Wash your hands after going to the toilet
• Wash and sanitize all surfaces and 
equipment used for food preparation
• Protect kitchen areas and food from 
insects, pests, and other animals

While most microorganisms do not 
cause disease, dangerous 
microorganisms are widely found in 
soil, water, animals, and people.  These 
microorganisms are carried on hands, 
wiping cloths, and utensils, especially 
cutting boards, and the slightest contact 
can transfer them to food and cause 
foodborne diseases.

Key 1

This slide presents Key 1 from the  the Five Keys to Safer Food poster.   The simple 
message, and the behaviour that must be practiced  for Key 1 is “Keep Clean”. The "core 
information" describes how to keep hands and the food preparation areas clean. The “why”
provides a simple explanation of why the behaviour is important. Several studies have 
shown that adults are more likely to adopt a behaviour when they understand the reason 
why the practice is important. 

Adaptation Tip: The Five Keys to Safer Food manual contains recommendations for 
simplifying the language for the information contained in this slide.  
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• Microorganisms and chemicals are too small to 
see
– Even when something looks clean, harmful 

microorganisms and chemicals may be present
• Cleaning removes but does not kill 

microorganisms
– Water and cloths used for cleaning can become 

contaminated with microorganisms
• Cleaning hands with soap and warm running 

water is best
• Cleaning may not be sufficient to remove 

chemicals from food

Key 1 Food Facts

Many people believe that food must look spoiled or dirty to be harmful. However, since 
microorganisms and chemicals are too small to see; even when something looks clean, 
harmful microorganisms and chemicals may still be present.

Cleaning removes but does not kill microorganisms. Therefore the water and cloths used for 
cleaning can become contaminated with microorganisms. 

The importance of hand washing should be stressed. When cleaning hands it is best to use 
soap and warm running water.

For hand washing in particular it is important to not wash hands in a bowl of water. The 
microorganism that cause disease can survive in a bowl of water and even grow. 

Washing or peeling food can remove chemicals from the outside of the food. However, in 
some cases the chemicals are actually in the food (e.g., mercury in fish). In this case, 
washing the outside of the food will not be sufficient to remove chemicals from food.

Adaptation Tip: In preparing the train the trainer session, the moderator may want to add 
additional information tailored to the local in-country conditions.
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Key 2

Core Information Why?

• Separate raw meat, poultry and seafood 
from other foods.
• Use separate equipment and utensils such 
as knives and cutting boards for handling 
raw foods.
• Store food in containers to avoid contact 
between raw and prepared foods

Raw food, especially meat, poultry and 
seafood and their juices, can contain 
dangerous microorganisms which may 
be transferred onto other foods during 
food preparation and storage.

This slide presents Key 2 from in the Five Keys to Safer Food poster.  The simple message 
for Key 2 is “Separate raw and cooked” foods. The "core information" describes how to 
properly separate raw and cook food. The “why” provides a simple explanation of why the 
behaviour is important. Several studies have shown that adults are more likely to adopt a 
behaviour when they understand the reason why the practice is important. 

Adaptation Tip: The Five Keys to Safer Food manual contains recommendations for
simplifying the concepts presented in this slide.  
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• Cross-contamination is a term used to describe 
the transfer of microorganisms from raw to 
cooked food

• Separation must occur at all phases of food 
preparation 

• Plates and surfaces used for raw food should 
not be used for cooked food

• Store raw foods below cooked foods to avoid 
cross-contamination

Key 2 Food Facts

Cross-contamination is a term used to describe the transfer of microorganisms from raw 
food to cooked foods. 

Cross-contamination can occur at any point in food handling from slaughter until 
consumption. Separation of raw and cooked foods must occur throughout all phases of food 
preparation including growing of crops, slaughter of animals, selling, purchasing, 
preparation and storage slaughter to prevent dangerous microorganisms on raw foods from 
transferring to cooked food.

It is important to remember that when a plate has been used for raw food it should not be 
used again for cooked foods until it is washed with soap and water. 

To prevent the transfer of disease-causing microorganisms from raw foods to cook foods 
during storage, raw foods should be stored below cooked foods. The juices from the raw 
food can drip onto and contaminate the cooked food. 

Adaptation Tip: In preparing the preparing the train the trainer session, the moderator may 
want to add additional information tailored to the local in-country conditions. For example, if 
animals often roam in field where fresh vegetables are grown, the trainer should point out 
that this causes cross-contamination. Alternatively, if cooking of meat on a Barbeque is 
common, the moderator should remind participants that placing cook meat on the plate that 
held raw meat is a common source of cross-contamination.
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Core Information Why?

• Cook food thoroughly, especially meat, 
poultry, eggs, and seafood
• Bring foods like soups and stews to boiling 
to make sure that they have reached 70 oC.  
For meat and poultry, make sure that juices 
are clear, not pink.  Ideally, use a 
thermometer
• Reheat cooked food thoroughly

Proper cooking can kill almost all 
dangerous microorganisms.  Studies 
have shown that cooking food to a 
temperature of 70 oC can help ensure it 
is safe for consumption.  Foods that 
require special attention include minced 
meats, rolled roasts, large joints of 
meat and whole poultry.

Key 3

This slide presents Key 3 from the Five Keys to Safer Food poster. The simple message for 
Key 3 is “Cook Thoroughly”. The "core information" describes how to properly cook food. 
The “why” provides a simple explanation of why the behaviour is important. Several studies 
have shown that adults are more likely to adopt a behaviour when they understand the 
reason why the practice is important. 

Adaptation Tip: In countries that use Fahrenheit temperatures for food preparation, the 
moderator should use 158 oF, the exact conversion of  70 oC to Fahrenheit. Trainers may 
prefer to use an “rounded” figure of 160 oF when teaching the material to women.
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Key 3 Food Facts

• Most bacteria are on the outer surface of the 
meat
– The centre of an intact piece of meat is usually sterile
– In minced meat, bacteria are present throughout the 

meat

• 70oC kills microorganism within 30 seconds
• At lower temperatures, microorganisms are 

killed more slowly and longer cooking time is 
required

• Cooked food should be reheated until piping hot 
(70oC) throughout

Since  bacteria are found on the outer surface of meat, the centre of an intact piece of meat is usually 
sterile and safe from bacteria. However, when meat is minced or ground, the bacteria on the outside are 
mixed into the meat and thus are present throughout the meat. It is important to cook these food until the 
centre reaches a temperature of 70 oC.

Cooking  foods to a temperature above 70 oC kills microorganisms on foods within 30 seconds.

When food must be prepared at lower temperatures, a longer cooking time is needed because the 
microorganisms are being killed at a slower rate and more time is needed to ensure they are killed. 

When reheating already cooked foods, they should be reheated until piping hot 

(70 oC) throughout the entire food.  The middle of the food should not still be cool.

Adaptation Tip: In some parts of the world, minced meat is called ground meat. Other adaptations in the 
terminology may be helpful. It should be noted that some national authorities have develop different 
cooking temperatures for different meats. WHO has found that 70 oC is protective. In countries that use 
Fahrenheit, the moderator should use 158 oF, the exact conversion of  70 oC to Fahrenheit.

In countries that use a microwave to reheat food, there is an increased likelihood that the reheating will not 
result in 70 oC throughout. The importance of proper reheating should be stressed as this is a common 
source of contamination. Dishes that are thoroughly cooked are sterile but often become contaminated 
during serving. Women may not see the point of reheating foods only to have to wait for them to cool before 
eating. However, if the reheating is not complete, microorganisms can grow in the reheated foods. 
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Key 4

Core Information Why?

• Do not leave cooked food at room 
temperature for more than 2 hours
• Refrigerate promptly all cooked and 
perishable food (preferably below 5 oC
• Keep cooked food piping hot (more than 
60 oC) prior to serving
• Do not store food too long even in the 
refrigerator
• Do not than frozen food at room 
temperature

Microorganisms can multiply very quickly if 
food is stored at room temperature.  By 
holding at temperatures below 5 oC or 
above 
60 oC, the growth of microorganisms is 
slowed down or stopped.  Some 
dangerous microorganisms still grow 
below 5 oC.

This slide presents Key 4 from the Five Keys to Safer Food poster. The simple message for 
Key 4 is “Keep food at safe temperatures”. The "core information" describes how to properly 
keep food at safe temperatures. The “why” provides a simple explanation of why the 
behaviour is important. Several studies have shown that adults are more likely to adopt a 
behaviour when they understand the reason why the practise is important. 

Adaptation Tip: The Five Keys to Safer Food manual contains recommendations on how to 
simplify and explain this concept.  
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• Microorganisms grow very quick in the danger 
zone (between 5oC and 60oC)

• Chilling and freezing does not kill 
microorganisms but limits growth

• Options for storing foods below 5oC include ice 
boxes, cold water, and digging a hole

• If storage below 5oC is not possible, obtain fresh 
food and use it quickly

Key 4 Food Facts

Between a temperature range of 5oC-60oC, microorganisms grow very quickly. While chilling 
and freezing does not kill microorganisms, it does slow the  growth rate and keeps foods 
safe for a longer period of time. Buying and preparing smaller portions of food can decrease 
the need for storage.

Adaptation Tip: There are options besides refrigerators for storing foods below 5 oC.  These 
include ice boxes/coolers, cold water, pantries built over streams, and digging a hole.  If 
storing foods below 5 oC is not possible, it might be reasonable to obtain fresh foods and use 
them quickly.

In countries that use Fahrenheit, the moderator should use 41oF, the exact conversion of  5 
oC to Fahrenheit and 140 oF, the exact conversion of  60oC to Fahrenheit.
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Key 5

Core Information Why?

• Use safe water or treat it to make it safe
• Select fresh and wholesome foods
• Choose foods processed for safety, such 
as pasteurized milk
• Wash fruits and vegetables, especially if 
eaten raw
• Do not use food beyond its expiry date

Raw materials, including water and ice, 
may be contaminated with dangerous 
microorganisms and chemicals.  Toxic 
chemicals may be formed in damaged and 
mouldy foods.  Care in selection of raw 
materials and simple measures such as 
washing and peeling may reduce risk.

This slide presents Key 5 from the Five Keys to Safer Food poster. The simple message for 
Key 5 is “Use Safe Water and Raw Materials”. The "core information" describes how to 
select safe water and raw materials. The “why” provides a simple explanation of why the 
behaviour is important. Several studies have shown that adults are more likely to adopt a 
behaviour when they understand the reason why the practice is important. 
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• Rainwater collected in a clean tank is safe
• Water from canals and rivers contain 

microorganisms and is unsafe
• Unsafe water can be treated to inactivate 

microorganisms by a rolling boil, 3-5 drops of 
chlorine per litre, and filtration

• Wash all fruits and vegetables with clean, safe 
water

• Peeling fresh fruits and vegetables may remove 
chemicals found on the outside of the fruit or 
vegetable (eg: pesticides)

Key 5 Food Facts

Rainwater that is collected in a tank is safe as long as the tank is clean and has not been 
used for anything else.  Water from canals and rivers  is not safe because it contains 
dangerous microorganisms.  However, this unsafe water can be treated to kill 
microorganisms by bringing the water to a rolling boil, adding 3-5 drops of chlorine per litre, 
or filtration.

Fresh fruits and vegetable should be washed with clean, safe water.  Peeling fresh fruits and 
vegetables can remove chemicals and microorganisms from the outside surface of the fruit 
or vegetable. In some cases, chemicals and microorganisms can enter the fruit or vegetable. 
These products must be grown under conditions that prevent contamination.
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OUTCOME-EFFECTS
-- good or bad?

Organs
Systems
Functions
Development
Survival

SUSCEPTIBILITIES

Critical windows/Timing

Age

Nutritional status

Poverty
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WHO

In this summary slide, you see the complexity of the issues related to children’s 
environmental health.  Hazards are introduced into environmental media with variable 
efficiency in different settings.  A child’s activities brings him into contact with these hazards.  
Depending upon the individual susceptibility of the child based upon age, general health and 
social supports, the exposure may cause harm from subtle changes in function to death.  
Children’s environmental health is the field which synthesizes these complexities and 
attempts to make fundamental changes to improve the environments of children and prevent 
environmental illnesses.
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� Diagnose and treat

� Do research and publish
� Detect sentinel cases
� Inspire community-based

interventions

� Educate
� Patients and families
� Colleagues and students

� Advocate

� Provide good role model

CRITICAL ROLES OFCRITICAL ROLES OF
HEALTH & ENVIRONMENT PROFESSIONALSHEALTH & ENVIRONMENT PROFESSIONALS

WHO

Health and environment professionals have a critical role to play in stimulating and 
maintaining changes that will ensure children's health.  

•At the patient level it is important to consider if a child´s signs and symptoms might possibly 
be caused by food poisoning? Are there any others who have been ill in the child´s family? 

•Health care providers should be alert and detect "sentinel" cases of foodborne disease. 
Their detection and study will be essential for developing, proposing and supporting 
community-based interventions. Publication of cases and research studies allows the 
communication of knowledge and experience that will benefit other communities and 
countries.

•It is important to inform and educate patients, families, colleagues and students about the 
causes of foodborne diseases, their impact on children and pregnant women and on how to 
keep food safe.

•Finally, we must all become vigorous advocates for the protection of children's food from 
biological and chemical contaminants. It is important to promote food safety message to 
children (and pregnant women!).

•Professionals with understanding of both health and the environment are powerful role 
models. Their attention to food safety will be noticed by patients and communities.
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DISCLAIMERDISCLAIMER

� The designations employed and the presentation of the material in this publication do not imply the expression of 
any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, 
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines 
on maps represent approximate border lines for which there may not yet be full agreement.

� The mention of specific companies or of certain manufacturers’ products does not imply that they are endorsed or 
recommended by the World Health Organization in preference to others of a similar nature that are not mentioned. 
Errors and omissions excepted, the names of proprietary products are distinguished by initial capital letters.

� The opinions and conclusions expressed do not necessarily represent the official position of the World Health 
Organization.

� This publication is being distributed without warranty of any kind, either express or implied.  In no event shall the 
World Health Organization be liable for damages, including any general, special, incidental, or consequential 
damages, arising out of the use of this publication

� The contents of this training module are based upon references available in the published literature as of its last 
update. Users are encouraged to search standard medical databases for updates in the science for issues of 
particular interest or sensitivity in their regions and areas of specific concern.

� If users of this training module should find it necessary to make any modifications (abridgement, addition or 
deletion) to the presentation, the adaptor shall be responsible for all modifications made. The World Health 
Organization disclaims all responsibility for adaptations made by others. All modifications shall be clearly 
distinguished from the original WHO material.


