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Diarrheal disease remains an important cause of morbidity 
and mortality in children worldwide (1). The estimated 

incidence rates in developing countries range from 3.5 to 
7.0 cases/child/year during the first two years of life, and from 
two to five cases/child/year for the first five years (2). In the 
United States (US), more than 20 million cases of diarrhea are 
estimated annually in children younger than five years of age, 
leading to approximately 2.5 million visits to a doctor, 220,000 
hospitalizations and approximately 40 deaths (3).

Bacterial enteric pathogens are second to rotaviruses among 
the known causes of diarrheal disease in infants and young chil-
dren (4). Campylobacter and Salmonella are commonly identified 
causes of diarrheal disease in children (4,5). Because of their 
virulence, infections by Escherichia coli O157 and Yersinia entero-
colitica are other important pathogens commonly reported, but 
occur with relatively less frequency in this age group (6-8).

The most important intestinal parasites infecting North 
American children include Giardia lamblia (intestinalis) and 
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ObJeCtIve: To review the epidemiology of selected nonviral enteric 
illnesses reported in children in Quebec between 1999 and 2006.
MetHODs: Incidence rates were calculated to describe age, sex, tem-
poral and geographical characteristics of the selected nonviral enteric 
cases reported in children who were between zero and four years of age. 
Standard descriptive methods were used to analyze the temporal and 
geographical distributions of the incidence rates.
ResuLts: A total of 5068 cases were reported. Of these, three patho-
gens accounted for the majority of the infections: Giardia (32.52%), 
Salmonella (30.98%) and Campylobacter (30.82%). Salmonella was most 
frequent in children younger than one year of age, whereas comparable 
incidence rates for the three pathogens were calculated for children 
between one and four years of age. For Giardia, the geographical distribu-
tions showed that the highest rates were in areas with more than 
100,000 inhabitants (except Montreal, Quebec); for Salmonella, the 
highest rates were in Montreal; and for Campylobacter, the highest rates 
were in areas with fewer than 10,000 inhabitants. No detectable trends 
were seen over the study period for the three pathogens. Seasonal sum-
mer peaks were noted for Salmonella and Campylobacter, contrasting 
with late summer to early autumn peaks for Giardia.
COnCLusIOn: Findings suggest that Giardia, Salmonella and 
Campylobacter were the most common causes of nonviral enteric ill-
nesses reported in children in Quebec. Giardia cases seemed to arise 
from different sources and transmission routes than the other two 
pathogens. Characteristics specific to Campylobacter infections in chil-
dren, namely its predominance in areas with low population densities, 
and to Salmonella infections, namely predominance in the Greater 
Montreal area, should be further investigated to better guide preven-
tion and control measures.

Key Words: Campylobacter; Children; Epidemiology; Gastroenteritis; 
Giardia; Salmonella

une analyse descriptive de maladies entériques 
non virales sélectionnées déclarées chez des 
enfants du Québec entre 1999 et 2006

ObJeCtIF : Analyser l’épidémiologie de maladies non virales sélectionnées 
déclarées chez des enfants du Québec entre 1999 et 2006.
MÉtHODOLOGIe : Les chercheurs ont calculé les taux d’incidence 
pour décrire l’âge, le sexe, les caractéristiques temporelles et géographiques 
de cas entériques non viraux sélectionnés déclarés chez des enfants de zéro 
à quatre ans. Ils ont utilisé des méthodes descriptives standards pour 
analyser la répartition temporelle et géographique de ces taux 
d’incidence.
RÉsuLtAts : Au total, 5 068 cas ont été déclarés. De ce nombre, trois 
pathogènes étaient responsables de la majorité des infections : la Giardia 
(32,52 %), la Salmonella (30,98 %) et le Campylobacter (30,82 %). La 
Salmonella était plus courante chez les enfants de moins d’un an, tandis que 
les chercheurs ont calculé des taux d’incidence comparables entre les trois 
pathogènes chez les enfants de un à quatre ans. Pour ce qui est de la 
Giardia, la répartition géographique a révélé que les taux les plus élevés se 
situaient dans des régions où on comptait plus de 100 000 habitants (sauf 
Montréal, au Québec). Quant à la Salmonella, les taux les plus élevés 
s’observaient à Montréal, tandis que ceux du Campylobacter étaient 
constatés dans les régions de moins de 10 000 habitants. Les chercheurs 
n’ont décelé aucune tendance détectable pour les trois pathogènes pendant 
la période de l’étude. Ils ont remarqué des pointes saisonnières estivales 
pour la Salmonella et le Campylobacter, en opposition aux pointes de fin 
d’été et de début d’automne de la Giardia.
COnCLusIOn : Selon les résultats, la Giardia, la Salmonella et le 
Campylobacter étaient les principales causes de maladies entériques non 
virales déclarées chez des enfants du Québec. Les cas de Giardia semblaient 
découler de sources et de voies de transmission différentes de celles des 
deux autres pathogènes. Les caractéristiques propres aux infections à 
Campylobacter chez les enfants, soit leur prédominance dans les régions où 
la densité de la population est faible, et aux infections à Salmonella, soit leur 
prédominance dans la grande région de Montréal, devraient faire l’objet de 
recherches plus approfondies pour mieux orienter les mesures de prévention 
et de contrôle.
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Cryptosporidium parvum (9,10). Population-based surveillance 
studies (9,11-13) conducted in the US demonstrated increasing 
rates of Giardiasis between 1992 and 1997, with the highest 
national rates found among children between zero and five years 
of age. The direct and indirect costs of diarrheal disease in chil-
dren are very high for communities worldwide, and better pre-
vention and control programs could significantly decrease the 
economic burden on health care systems (3,14,15).

In Quebec, infections attributed to Giardia, Salmonella, 
Campylobacter, E coli, Yersinia and Cryptosporidium represent up 
to 90% of all notifiable nonviral gastroenteritis reported in 
regional public health registries (16).

More insight into the epidemiological characteristics of 
gastroenteritis caused by these leading pathogens, and specific-
ally those pertinent to young children, may help to enhance 
current control programs within communities (3). In consid-
ering the importance of targeting our interventions for this age 
class, there are, however, very few published population-based 
studies to date that give a specific description and analysis of 
the basic epidemiology pertinent to infectious gastroenteritis in 
children (17,18), with most of them being case-control studies 
with small population subsets or data obtained through senti-
nel surveillance systems.

The objective of the present study was to review the patient 
characteristics, and the seasonal and geographical patterns of 
nonviral enteric illnesses in children most commonly reported 
in Quebec between 1999 and 2006.

MetHODs
Data sources
Records of reported cases were extracted from the diseases 
registry of the Regional Public Health Departments (RPHD) of 
the Quebec Ministry of Health and Social Services. In Quebec, 
all notifiable diseases are reported to the RPHD through an 
electronic database system designed to gather and manage a 
specific list of diseases that must be reported by physicians or 
chiefs of microbiological laboratories. Quebec has 18 health 
regions, each of which is mandated by the provincial Ministry 
of Health to forward reportable diseases data to a central regis-
try managed by the provincial public health laboratory.

Cases were defined as children who were between zero and 
four years of age with a laboratory diagnosis of infection by 
Giardia, Salmonella, Campylobacter, Yersinia, invasive E coli 
and/or Cryptosporidium (Appendix 1), and a notification by the 
physician or laboratory director to the RPHD between 1999 
and 2006. The total population of children, between zero and 
four years of age from 1999 to 2000, was estimated and pro-
jected by the Quebec Statistics Institute, based on municipal 
population using the 1996 general census data compiled by 
Statistics Canada. The estimated population was updated each 
year using the general census data from 2001 and 2006.

validation, exclusion and ethics
Cases from northern health regions (northern Quebec, Nunavik 
and James Bay Cree territories) and those that occurred outside 
Quebec were excluded from the study. A validation was also 
performed according to standard disease definitions, geograph-
ical location and possible association with known outbreaks 
(19). Intra- and inter-regional duplication of each case was 
avoided by verifying the date of onset, postal code, birth date 

and sex. Physician diagnosis and laboratory results were also 
cross-checked for all records. A minimum time interval 
between two episodes for the same child was estimated to avoid 
any link between reports (one to 10 days for Campylobacter and
E coli, three to 10 days for Yersinia, one to four weeks for 
Giardia, one to 12 days for Cryptosporidium, and three to 
90 days for Salmonella). The study has been independently 
reviewed and approved by the Ethics Review Board of the 
Centre Hospitalier Universitaire de Québec, Quebec.

Descriptive analyses
Incidence rates of Giardia, Salmonella, Campylobacter, other 
pathogens (Y enterocolitica, C parvum and invasive E coli) and all 
selected pathogens (Giardia, Salmonella, Campylobacter, E coli, 
Yersinia or Cryptosporidium) were calculated according to two age 
groups (zero to one year, and one to four years), by sex and year, 
and season and year. The age categorization was mainly designed 
with two major considerations: statistical efficiency and children 
behaviour, and vulnerability in relation to the epidemiology of 
these diseases. Therefore, children between zero and one year of 
age, and children between one and four years of age were 
grouped together for descriptive analyses. Rates were expressed 
as cases per children-years. Seasonal variation and trend analyses 
were performed using a moving average algorithm available in 
Microsoft Excel 2003 (Microsoft Corporation, USA). The inci-
dence rates of Giardia, Salmonella, Campylobacter and all selected 
pathogens were further calculated according to four categories of 
municipalities based on their population sizes: the census metro-
politan area of Montreal; other census metropolitan areas with 
municipalities of more than 100,000 inhabitants; census agglom-
erations with municipalities ranging from 10,000 to 
100,000 inhabitants; and census areas with municipalities of 
fewer than 10,000 inhabitants. A descriptive analysis of the geo-
graphical distribution for the cumulative incidence rate of cases 
associated with the three main pathogens was performed using 
the empirical Bayes smoothing method to account for various 
population sizes and small denominators. Maps were constructed 
using the Jenks natural break algorithm to categorize incidence 
rates per health area (ArcGis version 9.3, ESRI, USA). The 
Moran’s I statistic was estimated to assess evidence of global 
spatial autocorrelation (clustering) of incidence rates over the 
study region. Computation of the Moran’s I statistic was per-
formed using GeoDa software version 0.9.5-I (GeoDa Center for 
Geospatial Analysis and Computation, USA) (20).

ResuLts
Case occurrence
There were a total of 3,039,085 children-years estimated from 
1999 to 2006 in Quebec. Over the study period, a total of 5104 
validated cases were extracted from the RPHD registries. From 
these, 36 were excluded due to their location in the northern 
regions (northern Quebec, Nunavik and James Bay Cree territor-
ies). The remaining 5068 cases were included in the analyses and 
were divided into two age groups. A group representing cases in 
children younger than one year of age, which included 277 cases 
(5.5%); and one representing children between one and four years 
of age, which included 4791 cases (94.5%). The incidence rates 
for children younger than one year of age ranged from 0.4 to 
5.8 cases/100,000 children-years. Cases attributed to Giardia, 
Salmonella and Campylobacter represented a total of 94.3% of all 
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studied cases, with similar incidence rates for each of these three 
pathogens averaging 50 cases/100,000 children-years. In compari-
son, the total number of  cases attributed to Yersinia, Cryptosporidium 
and E coli represented 5.7% of all cases, with incidence rates of less 
than 10 cases/100,000 children-years. Higher rates were also 
observed in the one- to four-year-old group compared with the 
younger than one-year-old group.

Detailed incidence rates per pathogen and according to age 
group are presented in Table 1. Incidence rates of all selected 
pathogens and Campylobacter cases revealed a significant 
(P<0.0001) difference between sexes, showing higher rates in 
males than females (Table 2). The incidence rates of Giardia 
and Salmonella cases were similar for both sexes.

Population size of municipalities and spatial distribution
The incidence rates of all the pathogens, and especially those 
of Salmonella and Campylobacter, seemed to increase with the 

population size of the municipalities, except for the incidence 
rates of areas that included municipalities with fewer than 
10,000 inhabitants (Table 3). This ‘v-shape’ pattern was clearer 
for Campylobacter cases, whose rates in areas including munici-
palities of fewer than 10,000 inhabitants were significantly 
higher than those of the census metropolitan area of Montreal. 
However, the incidence rates of Giardia cases were significantly 
lower in areas with municipalities of fewer than 10,000 inhabit-
ants, but seemed to be high in other census metropolitan areas 
with municipalities of more than 10,000 inhabitants.

The spatial distribution of incidence rates for all selected 
pathogens is presented in Figure 1. Visual assessment revealed 
a heterogeneous distribution of incidence rates in the province, 
with areas of higher incidence located in the southern health 
regions. However, the global Moran’s I index of 0.09 indicated 
a significant (P=0.001) spatial autocorrelation of incidence 
rates.

trends and seasonal variations
Temporal variations in the incidence rates of Giardia, Salmonella 
and Campylobacter cases exhibited regular seasonal patterns 
with consistent peaks during summer for Salmonella and 
Campylobacter and autumn for Giardia. Seasonal peaks in the 
incidence rates of Giardia cases were low from 1999 to 2002, 
and higher from 2003 to 2006. The incidence rates of 
Campylobacter cases peaked slightly during two summers of the 
study period – 2005 and 2006. All of these incidence rates were 
stable throughout 1999 to 2006 (Figure 2).

DIsCussIOn
Excluding viral enteric gastroenteritis, Giardia, Salmonella and 
Campylobacter were the most common enteric pathogens noti-
fied in children younger than five years of age in Quebec, 

Table 1
Distribution of selected bacterial and parasitic infections in 
children between zero and four years of age in Quebec 
(1999 to 2006)

(<1 years) (1–4 years) (0–4 years)

Pathogen
Cases, 

n IR*
Cases, 

n IR*

Total 
cases, 

n 
Total IR* 
(95% CI)

Giardia 11 0.4 1637 53.8 1648 54.2 (51.6–56.8)
Salmonella 177 5.8 1393 45.8 1570 51.6 (49.1–54.2)
Campylobacter 74 2.5 1488 48.9 1562 51.4 (48.8–53.9)
Others† 15 0.6 273 8.9 288 9.5 (6.9–12.1)
All selected 

pathogens
277 9.3 4791 157.4 5068 166.7 (162.1–171.3)

*Per 100,000 children-years; †Including Yersinia enterocolitica, Cryptosporidium 
parvum and Escherichia coli. IR Incidence rate

Table 2
Variation of selected bacterial and parasitic infection incidence rates (IR) according to year and sex of children between zero 
and four years of age in Quebec (1999 to 2006)

Giardia (n=1648) Salmonella (n=1570) Campylobacter (n=1562) all selected pathogens† (n=5068)

Male
Cases, n 
(n=857) IR*

Cases, n 
(n=804) IR*

Cases, n  
(n=899) IR*

Cases, n 
(n=2705) IR*

1999 114 54.1  92 44.0 92 43.9 316 161.6
2000 89 43.8 100 48.7 112 55.3 319 151.1
2001 86 44.0 103 52.2 108 54.8 315 140.8
2002 131 68.2 101 52.7 114 59.4 365 175.3
2003 120 63.1  99 52.2  96 50.5 333 158.8
2004 104 54.6 108 56.8 137 71.9 368 176.6
2005 114 59.0 102 53.4 132 69.5 365 173.3
2006 99 51.1 99 50.7 108 55.8 324 147.7
Global rates and 95% CI 54.6 (51.0–58.2) 51.2 (47.6–54.8) 57.6 (53.7–61.5) 172.4 (169.8–174.9)

Female
Cases, n 
(n=791) IR*

Cases, n 
(n=766) IR*

Cases, n 
(n=663) IR*

Cases, n 
(n=2363) IR*

1999 86 42.9 92 45.9 76 38.0 272 131.8
2000 90 46.3 81 42.3 82 42.7 271 130.2
2001 77 41.3 97 52.4 90 48.8 282 135.2
2002 130 71.7 112 61.6 77 41.9 335 158.3
2003 108 60.2 98 54.4 64 35.5 288 142.1
2004 107 59.3 95 52.4 85 47.0 305 144.3
2005 105 58.0 93 50.9 100 54.9 316 149.5
2006 88 47.2 98 52.9 89 48.2 294 134.9
Global rates and 95% CI 53.1 (49.5–56.7) 51.5 (47.9–55.1) 44.5 (40.0–48.1) 158.9 (156.3–161.5)

*Per 100,000 children-years; †Including Giardia, Salmonella, Campylobacter, Escherichia coli, Cryptosporidium and Yersinia
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accounting for approximately 50 cases/100,000 children-years 
for each of these pathogens. The importance of these enteric 
pathogens in children was also highlighted previously in Quebec 
(21), and by Koehler et al (22) in the US using FoodNet data 
collected between 1996 and 1998. The incidence rate of reported 
cases of Giardia (54.2 cases/100,000 children-years) estimated in 
the study was approximately five times higher than the esti-
mated rate for the general population (12 cases/100,000 persons-
years) in Quebec (23). Similarly, the incidence rate of reported 
Salmonella cases in the study was approximately 2.5 times greater 
than the rate estimated for the general population in Quebec 
(24).

Cases were defined (19) and validated based on the stan-
dard definition and time criteria, such as laboratory ascertain-
ment and time frames for each pathogen, to avoid double 
reporting of the same case (25). Several studies in Canada that 
reviewed reported cases of Giardia found that children younger 
than five years of age had the highest incidence rates (26), and 
that males showed the highest rates among all age groups 
(26,27). The highest rate of Campylobacter cases was observed 

Table 3
Urban/rural distribution of selected bacterial and parasitic infection incidence rates (IR) of children between zero and 
four years of age in Quebec (1999 to 2006)

areas

Giardia Salmonella Campylobacter all selected pathogens*
Cases,  

n IR (95% CI)
Cases, 

n IR (95% CI)
Cases, 

n IR (95% CI)
Cases,  

n IR (95% CI)
>1,000,000 inhabitants 403 51.2 (46.2–56.2) 529 67.3 (61.5–73.0) 392 49.8 (44.9–54.8) 1420 180.7 (171.3–190.1)
100,000–1,000,000 inhabitants 426 59.2 (53.6–64.8) 351 48.8 (43.7–53.9) 318 44.2 (39.3–49.1) 1148 159.7 (150.4–168.9)
10,000–100,000 inhabitants 480 58.2 (53.0–63.5) 316 38.3 (34.1–42.6) 287 34.8 (30.8–38.8) 1149 139.5 (131.4–147.5)
<10,000 inhabitants 339 47.6 (42.6–52.7) 374 52.6 (47.2–57.9) 565 79.4 (72.9–86.0) 1351 190.0 (179.8–200.1)
*Including Giardia, Salmonella, Campylobacter, Escherichia coli, Cryptosporidium and Yersinia

Figure 2) Giardia, Salmonella and Campylobacter empirical Bayes 
smoothing incidence rates (per 100,000 children-years) showing sea-
sonal variation and trends in children between zero and four years of 
age (1999 to 2006)

Figure 1) Distribution of empirical Bayes smoothing (EBS) incidence rates of selected enteric bacterial and parasitic pathogens in children 
between zero and four years of age in Quebec between 1999 and 2006. Data from the notifiable diseases registries of the Regional Public Health 
Departments, Ministry of Health, Quebec (1999 to 2006). CLSC Centre Local de Santé Communautaire
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in the zero- to four-year age group and the 20 to 39 year age 
group, with slightly higher rates occurring in males than in 
females (28). The investigation of age, sex and residence-
specific incidence rates of Salmonella enteritidis cases in Michigan 
(USA) found a higher incidence rate of S enteritidis cases asso-
ciated with children younger than five years of age compared 
with the national average incidence rate. Children younger 
than one year of age and those between one and four years of 
age were at a higher risk of S enteritidis infection than adults 
between 15 and 39 years of age (29-31).

Global assessment of the occurrence of reported enteric 
pathogen cases revealed similar incidence rates in several other 
studies, with the highest incidence rates of gastroenteritis 
being in children zero to four years of age (32-35). The reasons 
behind the higher incidence rates in children for illnesses 
linked to these pathogens are unclear. However, three broad 
sets of factors may cause much higher incidence rates of reports 
in young children for these enteric diseases: greater contact, 
exposure and infectious doses directly linked to specific behav-
iours of young children and their interaction with other people 
and their environment (30,31); greater susceptibility of young 
children to become sick attributable to gut immaturity and 
immune system naivety; and greater reporting fraction (less 
under-reporting) in this age group due to parental concerns and 
greater severity of symptoms. Indeed, Glass et al (36) estimated 
that 16.5 million children younger than five years of age 
experience between 21 and 37 million episodes of diarrhea 
annually. Of these, 2.1 to 3.7 million lead to a physician visit, 
a total of 220,000 patients are hospitalized and 325 to 425 chil-
dren die. The major cost of diarrhea is attributable to the high 
number and cost of hospitalizations, because approximately 
10.6% of hospitalizations in this age group are due to diarrhea 
(36). Although our study did not investigate these factors and 
their relative contributions to the final incidence rates of 
reported cases, these data suggest that preventive and interven-
tional measures aimed specifically at children could bring the 
greatest benefit with respect to reducing the disease burden 
caused by these pathogens in the Quebec population.

An interesting relationship seems to emerge in the present 
study between the incidence rates of Salmonella and 
Campylobacter infections and the population size of the muni-
cipalities where the reported cases resided. For municipalities 
of more than 10,000 people, our data suggests a proportional 
increase of reporting incidence rates with the size of the under-
lying population, which contrasts with municipalities of fewer 
than 10,000 inhabitants for which incidence rates of these 
reported cases seemed the highest. This ‘v-shape’ pattern in the 
relationship between incidence rates and population sizes leads 
us to believe that there may be two broad influences associated 
with this factor: one relating to the environmental exposure of 
populations living in small municipalities where water source, 
proximity to livestock or wildlife, and lifestyle may contribute 
to increase infections. This pattern may also be related to vari-
ous parameters of social and material deprivation and ethno-
cultural factors (genetic or behavioural) that seem to be linked 
to larger municipalities in Quebec. If we simplify the terminol-
ogy by designating areas as ‘rural’, where municipalities have 
fewer than 10,000 inhabitants, and remaining areas as ‘urban’, 
we note large differences in the age structure of incidence rates 
of Campylobacter cases between the two areas. In rural areas, 

the incidence rates of Campylobacter cases are higher in almost 
every age and sex category, with the greatest difference 
observed in the zero- to four-year age group, in which rates in 
rural males were 7.3 times higher than in urban males, and 
6.95 times higher in rural females compared with urban females 
(28). Any significant differences in the incidence rates of 
Salmonella cases were found to occur between urban and rural 
dwellers or between sexes (29-31). Socioeconomic conditions 
can explain differences between rural and urban settings, 
although the association of enteric pathogens (bacteria and 
protozoa) with low socioeconomic conditions is not clearly 
established.

Our results were consistent with these findings, but we 
found that the incidence rates of Salmonella cases were higher 
in urban areas of Montreal. This may be explained by a larger 
number of socioeconomically deprived children in urban areas 
(37). High incidence rates of Giardia cases have also been 
reported in urban areas, but spatial analysis revealed that the 
highest incidence rates around Montreal were in areas where 
agricultural activities were prominent. This is consistent with 
several studies performed in Ontario (26,38). It may also be 
explained by the increased awareness, reporting and access to 
health services in urban areas, which could account for the 
larger number of cases reported in those areas (26).

We also consistently demonstrated, similar to several other 
studies, a seasonal pattern peaking in early autumn for Giardia 
(26,27,39,40). The autumnal pattern could be explained by the 
long incubation period of Giardia cysts. Most of the Giardia 
infections also occurred during outdoor activities involving 
more contact with contaminated water and/or more personal 
contact between friends and families during the summer 
holidays.

Different clinical microbiology laboratories may use different 
methodologies and standards, and reporting differences may also 
exist. If a given area is served by several laboratories and some of 
these use more sensitive methodologies than others, this will be 
reflected in an uneven distribution of cases (41 ).

Outbreaks caused by the enteric pathogens mentioned in the 
present study may introduce a separate level of complication in 
the analyses. Our descriptive geographical analysis was performed 
with the sole objective of visualizing geographical areas with 
higher risk of reports. In such an instance, outbreaks need to be 
taken into account – their presence may bias case distribution 
because it relates to the local geographical factors (41). In the 
present study, only cases tagged as ‘sporadic’ were included for 
analysis and cases known to be related to outbreaks were registered 
in different databases that were not included in the study.

One common limit inherent to studies such as the present 
one, which uses public health surveillance data, relates to the 
under-reporting of cases compiled in administrative systems. 
Estimating the real magnitude of infections can present chal-
lenges when studying acute gastrointestinal infection risk fac-
tors, planning health programs and prioritizing health 
promotion. This bias has been studied in Ontario (42) and 
British Columbia (43). For each case of acute gastrointestinal 
infection reported in these provinces, an estimated 313 to 
347 cases occur in the community, respectively. In another 
study, it was estimated that for every reported case of verotoxi-
genic E coli, Salmonella and Campylobacter, there were approxi-
mately 10 to 47, 13 to 37, and 23 to 49 cases, respectively, in 
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the Canadian population (44). In our study, the incidence rates 
were certainly underestimated and should be considered as 
conservative measures. Although correcting these values with 
ratios published for other provinces could be performed, it is 
likely that there are systematic differences in underestimation 
fractions across the provinces when reporting cases to public 
health authorities; this should be further investigated before 
attempting such corrections. To date, no previous investigation 
of nonviral enteric gastroenteritis in children between zero and 
four years of age has been performed in Quebec, and results 
presented here should be interpreted with caution. Further 
population-based studies with individual data on risk factors 
are needed for a better understanding of the epidemiology of 
these conditions in young children in Canada.
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APPenDIx 1: DIseAses DeFInItIOn

Giardiasis
Confirmed case.
Presence of one of the two conditions:
1. Presence of cysts or trophozoits of Giardia lamblia in the 
stool, in the duodenal fluid or in the biopsy of small intestine; 
or 
2. Detection of G lamblia antigens in the stool using the 
enzyme immunoassay or the direct fluorescent antibody 
technique.

Infection due to Campylobacter
Confirmed case.
Isolation of one of the Campylobacter species in an appropriate 
clinical sample.

salmonellosis
Confirmed case.
Isolation of Salmonella (excluding Salmonella typhi or paratyphi) 
from an appropriate clinical sample.

Cryptosporidiosis
Confirmed case. 
Presence of the following three conditions: 
1. Presence of Cryptosporidium oocysts in stool;
2. Presence of Cryptosporidium in intestinal fluid or biopsy of 
the small intestine; or 
3. Detection of Cryptosporidium antigen in stool using reverse 
passive hemagglutination assay or the enzyme immunoassay or 
the direct fluorescent antibody technique.

Gastroenteritis due to Yersinia enterocolitica 
Confirmed case. 
Presence of the following four conditions: 
1. Isolation of Y enterocolitica in an appropriate clinical 
specimen; 
2. Compatible clinical manifestations and detection of 
O antigens with a serological titration level of 40 or greater; 
3. Compatible clinical manifestations and detection of OH 
antigens with a serological titration level of 160 or greater; or 
4. Compatible clinical manifestations and detection of a sig-
nificant increase of antigens O or OH between serums col-
lected in acute phase and collected in the convalescent.

Invasive infection due to Escherichia coli 
Confirmed case. 
Presence of the following conditions:
1. Manifestations compatible with hemolytic uremic syn-
drome or thrombotic thrombocytopenic purpura; and 
2. Isolation of Escherichia coli O157: H7: O157 serotype or any 
other verocytotoxin producer in an appropriate clinical 
specimen.
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