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OBJECTIVES: A study was performed using a subset of Ontario labo-
ratory parasitology data, with three objectives: to describe parasitic
infections in Ontario; to identify risk factors for acquiring a parasitic
infection using routinely collected information; and to use this infor-
mation to assess current protocols for parasite testing in laboratories
and, in turn, to propose alternatives to optimize the allocation of labo-
ratory resources.

METHODS: All parasitology records from January 4, 2010 to
September 14, 2010 were reviewed descriptively and risk factor analy-
ses were performed using information collected from requisitions.
These results were used to develop preliminary alternative protocols,
which considered high-throughput screening tests and inclusion/exclu-
sion criteria for ova and parasite testing; these were then retrospectively
analyzed with the dataset to determine appropriateness.

RESULTS: Of the 29,260 records analyzed, 10% were multiple sam-
ples from single patients submitted on the same day, of which 98% had
the same result. Three percent of all parasite tests were positive, with
the most prevalent parasites being (in ascending order) Dientamoeba
fragilis, Giardia lamblia, Cryptosporidium species and Entamoeba
histolytica/dispar. Age and sex were found to be weak risk factors, while
rural living was found to be a moderate risk factor for D fragilis, G lam-
blia and Cryptosporidium infections. The strongest risk factor was travel
history, especially for nonendemic parasites. The retrospective analysis
of six alternative protocols identified four that may be more efficient
than current procedures.

CONCLUSIONS: The present study demonstrated that current proto-
cols may be redundant and can be optimized to target prevalent para-
sites and populations with high risk factors.
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Le triage et les recommandations relatives aux
protocoles des laboratoires de parasitologie selon
une enquéte épidémiologique des diagnostics
parasitaires dans les laboratoires de I’Ontario

OBJECTIFS : Une étude a été menée d’apres un sous-groupe de don-
nées des laboratoires de parasitologie de 'Ontario pour réaliser trois
objectifs : décrire les infections parasitaires en Ontario, déterminer les
facteurs de risque d’infection parasitaire d’apres la collecte systéma-
tique d’information et utiliser I'information pour évaluer les protocoles
actuels respectés dans les tests parasitaires en laboratoire, puis proposer
des solutions pour optimiser laffectation des ressources de laboratoire.
METHODOLOGIE : Les chercheurs ont effectué une recherche
descriptive de tous les dossiers de parasitologie entre le 4 janvier et le
14 septembre 2010, ainsi que des analyses des facteurs de risque 2
I’aide de I'information figurant dans les réquisitions. Ils ont utilisé les
résultats pour préparer de nouveaux protocoles préliminaires, qui
tenaient compte des tests de dépistage a haut débit et des criteres
d’inclusion et d’exclusion des tests d’ceufs et de parasites. Ils ont
ensuite fait I'analyse rétrospective de I'ensemble des données pour en
déterminer la pertinence.

RESULTATS : Sur les 29 260 dossiers analysés, 10 % provenaient
d’échantillons multiples du méme patient soumis le méme jour, dont
98 % donnaient les mémes résultats. Par ailleurs, 3 % de tous les tests
parasitaires étaient positifs, les parasites les plus prévalents étant (par
ordre ascendant) le Dientamoeba fragilis, le Giardia lamblia, les especes de
Cryptosporidium et I'Entamoeba histolytica/dispar. Lage et le sexe étaient
des facteurs de risque faibles, tandis que la vie en milieu rural était un
facteur de risque modéré d’infections a D fragilis, & G lamblia et 2
Cryptosporidium. Les antécédents de voyage étaient les principaux
facteurs de risque, particulierement pour les parasites non endémiques.
Lanalyse rétrospective des six nouveaux protocoles a établi que quatre
d’entre eux seraient plus efficaces que les protocoles actuels.
CONCLUSIONS : La présente étude a démontré que les protocoles
actuels seraient redondants et pourraient étre optimisés pour cibler les
parasites prévalents et les populations présentant des facteurs de ris-
que élevés.

Parasitic infections causing gastroenteritis are an ongoing contribu-
tor to worldwide morbidity and mortality. The most prevalent
endemic parasites in North America are Giardia lamblia and
Cryptosporidium species (G/C) (1-3), along with Dientamoeba fragilis
and Entamoeba histolytica (and Entamoeba dispar, its nonpathogenic
relative) (3-6). North American hospitals and physician clinics also
treat patients with nonendemic parasitic infections.

Previous studies have identified risk factors and common modes
of transmission for some parasites identified in North American
patients. For locally endemic parasites, many of the risk factors and
modes of transmission are similar. Key modes include contact with
food or water (drinking or recreational) contaminated by feces
(1,6,7), and contact with animals (farm, domestic or wildlife)
(1,7,8). Consequently, living or visiting rural regions is a risk factor
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Figure 1) Alternative sample testing protocol diagram depicting the pos-
sible stages and subsequent reporting of results. O&P Owva and parasite

because both contact with animals and untreated water are more
prevalent outside of urban centres (7,8). Individuals who are HIV-
positive, institutionalized or otherwise immunocompromised have
also been found to have higher rates of infection (1,6,9). Unlike
most common parasites, the modes of transmission for D fragilis are
less clear (4). Increased globalization has heightened the risk of for-
eign parasites due to increased food importation and exportation,
consumption of fresh food and travel (10). Notably, travel and immi-
gration are major risk factors for both locally endemic and foreign
parasites (6,7,10-12), especially where travellers are exposed to
inadequate sanitation and untreated water (10,12).

In Ontario, stool samples collected from patients are submitted to
laboratories for testing. The standard ova and parasites (O&P) test is
labour-intensive because it includes multiple steps and varied prepar-
ations before microscopic examination by at least two different tech-
nologists (13). While an O&P test is the standard procedure, other
parasite testing methods have recently become available including
high-throughput options, including enzyme immunoassays (EIAs),
and molecular assays, such as polymerase chain reaction (PCR),
which can detect G lamblia, Cryptosporidium, D fragilis and E histolytica/
dispar (3,14-18).

The present study aimed to describe parasitic infections in
Ontario based on laboratory data and to identify risk factors using
routinely collected information from laboratory requisitions.
Additionally, the appropriateness of current laboratory resource allo-
cation was assessed by developing and subsequently retrospectively
analyzing alternative protocols. This was comprised of inclusion and
exclusion criteria, and theoretical laboratory high-throughput
screening tests (HTST).

METHODS

Data source and preparation

Data for the present study were derived from a single laboratory sec-
tor, which receives samples from across Ontario. A raw dataset was
retrieved that contained all pat ient parasitology tests performed
between January 4, 2010 and September 14, 2010. After initial prep-
aration, the dataset contained 29,260 records. Within the data,
multiple samples (defined by multiple barcodes) from the same
patient (matched by first name, last name and date of birth) to the
laboratory on the same day were identified. The additional samples
were removed from the dataset to prevent over-representation of
these patients during data analysis. After this initial step, the data
were anonymized, resulting in a final set containing 26,483 records.
Data analysis was performed using SPSS version 19 (IBM
Corporation, USA).

TABLE 1

Alternative protocol descriptions

Protocol

number OA&P inclusion criteria Screened parasites

1 B None

2 B Giardia lamblia and Cryptosporidium

3 B G lamblia, Cryptosporidium and
Dientamoeba fragilis

4 C None

5 C G lamblia and Cryptosporidium

6 C G lamblia, Cryptosporidium and D fragilis

O&P Ova and parasites. Definition B: Exposed = ‘Yes’; unexposed = ‘No’ and
‘Unknown’. Definition C: Exposed = ‘Yes’ and ‘Unknown’; unexposed = ‘No’

Analysis methods

Patient information is included on the requisition accompanying stool
samples submitted to the laboratories for parasite testing. This infor-
mation (ie, sex and age) was used to test for risk factors, with ORs
assessed to determine effect size where appropriate.

Based on evidence in the literature regarding population density
(7,8), residency of the patient was studied. Three categories were
developed based on natural cut-offs: rural (population <40,000 based
on the 2006 census) (19); mixed/midsized (40,000 to 100,000 and
known suburban regions whose individual populations were not pro-
vided by the census); and urban (>100,000).

‘Recent travel’ was an optional n-open-ended field; records were
manually recoded into three categories: ‘Yes’ (3.9%), ‘No’ (7.3%), or
‘Unknown’ (88.8%). Given the high percentage of unknowns, three
binary definitions were developed for OR risk analysis. Definition A:
those who reported ‘No’ were not exposed (that is, no recent travel);
those who reported ‘Yes' were exposed. Records categorized as
‘Unknown’ were not included in this analysis. Definition B: categor-
ies ‘No’ and ‘Unknown’ were not exposed; the ‘Yes’ category were
exposed. Definition C: the records coded as ‘No’ were not exposed;
those coded as ‘Yes’ or ‘Unknown’ were exposed. For some of the
possible risk factors, multiple analyses were performed based on para-
site groupings. These groupings are specified where the results are
presented.

In the development of the alternative testing protocols, two modi-
fications were proposed: inclusion/exclusion criteria for stool samples
to be tested using standard O&P procedures; and different parasite
testing processes found in the literature (either EIA or PCR, ie,
HTST). For the purpose of the present study, six alternative testing
protocols were created based on travel status and HTST for different
groups of parasites. These protocols were retrospectively applied to the
laboratory dataset. All analyses were based on the initial O&P result,
thereby assuming that HTST had perfect specificity and sensitivity
(no actual tests were performed). Figure 1 shows the general process
the protocols follow (although not all protocols have both an HTST
and exclusion criteria stage) and Table 1 presents the specifics of these
six protocols. Only definitions B and C were used as inclusion/
exclusion criteria because definition A did not include unknown
travel status, which represented the majority of specimens.

To describe the effectiveness of the alternative protocols, several
measures were developed to compare them with the original process of
testing all samples by O&P. The first measure (test positive rate) is the
percentage of samples that test positive for a given group of tested sam-
ples for a specific testing procedure. O&P performed percentage is the
percentage of samples that meet inclusion criteria and, therefore, had
O&P tests performed, out of the total number of samples. Samples that
would have been deemed positive during HTST were not considered for
O&P testing. Finally, protocol sensitivity is the percentage of positives
found by the entire suggested protocol (ie, both HTST and O&P stages)
out of the actual number of positives in the entire dataset.
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TABLE 2

Parasite types and frequencies in positive specimens
Parasite n (%)
Not specified* 3(0.36)
Ascaris lumbricoides 22 (2.60)
Cryptosporidium species 130 (15.38)
Cyclospora cayetanensis 19 (2.25)
Degenerated unidentifiable organisms 1(0.12)
Dientamoeba fragilis 285 (33.73)
Diphyllobothrium latum 5(0.59)
Entamoeba histolyticaldispar 126 (14.91)
Enterobius vermicularis 17 (2.01)
Giardia lamblia 209 (24.73)
Hookworm 3(0.36)
Hymenolepis nana 1(0.12)
Sarcocystis hominis 1(0.12)
Schistosoma mansoni 2(0.24)
Strongyloides stercoralis 12 (1.42)
Taenia species 3(0.36)
Trichuris trichiura and other Trichuris species 6 (0.71)

“Not specified’ refers to samples for which a positive result was reported, but
no parasite was named

TABLE 3
Population density as a risk factor analysis results
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Figure 2) Number of parasite tests performed according to age group
(years) and their corresponding positive rates

Rural versus mixed

Rural versus urban Mixed versus urban

Parasite grouping OR (95% CI) P OR (95% CI) P OR (95% CI) P

All parasites 1.84 (1.42-2.37) <0.01 0.09 0.62 (0.49-0.79) <0.01

Giardia lamblia and Cryptosporidium only 2.29 (1.57-3.36) <0.01 1.93 (1.52-2.45) <0.01 0.42

Dientamoeba fragilis only 1.76 (1.17-2.64) <0.01 1.57 (1.21-2.05) <0.01 0.64

Rare parasites 0.87 0.26 (0.17-0.39) <0.01 0.27 (0.15-0.46) <0.01
RESULTS

Nearly 10% of all submissions (2777 submissions) were identified as TABLE 4

being multiple samples from the same patient on the same day. The
multiple samples yielded the same result for 98.4% of cases.

In Ontario, 3.19% of submitted stool samples were positive by
standard O&P testing for parasites. Table 2 shows the type of parasites
found and the number and percentage of cases of each. The four most
prevalent parasites (in ascending order) were D fragilis, G lamblia,
Cryptosporidium species and E histolytica/dispar, and these four parasites
comprised 88.75% of the results. A few patients with multiple simul-
taneous parasitic infections were identified; 25 patients were identified
as having two simultaneous infections and 13 patients with three
concurrent infections.

A small, although statistically significant, association was observed
for the sex category. In Ontario, the odds of males having a positive
result were 1.57 times greater than that of females (95% CI 1.37 to
1.818; P<0.01).

The number of submissions and percentage positive were plotted
according to age group in Figure 2. A lower number of submissions
between five and 19 years of age was observed. This corresponded to
a higher rate of positives (>9% at minimum — three times that of the
overall positive test rate). High rates of submission and very low rates
of positives were observed among elderly patients (>65 years of age).
Overall, age was determined to have a minor association with para-
sitic infections.

When considering population density as a risk factor, four stages of
analysis were performed based on protozoan species; the first included all
positive results, the second only G/C, the third only D fragilis and,
finally, all except G/C and D fragilis (this fourth grouping was referred to
as rare parasites). Table 3 presents these results. No conclusions could be

Travel as a risk factor analysis results

Parasite grouping Definition OR (95% CI)
All parasites A 5.29 (3.36-8.33)
B 2.30 (1.79-2.96)
Cc 2.53 (1.71-3.75)
All except Giardia A 8.07 (3.89-6.95)
lamblia and B 2.01(1.43-2.83)
Cryptosporidium c 4.43 (2.29-8.55)
Rare parasites A 16.67 (3.85-71.43)
B 2.38 (1.29-3.50)

Cc 8.77 (2.18-35.71)
All P<0.01. Definition A: Exposed = ‘Yes’; Unexposed = ‘No’; ‘Unknown’ not
included. Definition B: Exposed = ‘Yes’; unexposed = ‘No’ and ‘Unknown’.
Definition C: Exposed = ‘Yes’and ‘Unknown’; unexposed = ‘No’

drawn when all parasites were included in the analysis because both
urban and rural had a greater risk than mixed. The associations were
clearer when G/C alone was studied; the odds of having these parasites
was two times higher in rural areas than in either mixed or urban
regions. When only D fragilis was analyzed, there was some evidence
that less densely populated regions had higher odds (1.57 to 1.76) of
having an infection. Additionally, the results demonstrate that living in
more urbanized regions was a risk factor for rare parasites.

Table 4 presents the ORs for each travel exposure definition. It also
shows the results from the analysis performed using three parasite
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TABLE 5
Results for alternative protocols 1 to 6
Protocol Measure Result
1 O&Ps performed, n (%) 1039 (3.9%)
Positive results, n 70
Test positive rate 6.7%
Protocol sensitivity 8.4%
2 Screening positives, n 339
Test positive rate 0.6%
O&Ps performed, n (%) 1006 (3.8%)
O&P positives 37
Test positive rate 3.7%
Total positives, n 376
Protocol sensitivity 44.5%
3 Screening positives, n 624
Test positive rate 0.8%
O&Ps performed, n (%) 986 (3.7%)
O&P positives, n 17
Test positive rate 1.7%
Total positives, n 641
Protocol sensitivity 75.9%
4 O&Ps performed, n (%) 24,552 (92.7%)
Positive results, n 819
Test positive rate 3.3%
Protocol sensitivity 96.9%
5 Screening positives, n 339
Test positive rate 0.6%
O&Ps performed, n (%) 24,230 (91.5%)
O&P positives, n 497
Test positive rate 2.1%
Total positives, n 836
Protocol sensitivity 98.9%
6 Screening positives, n 624
Test positive rate 0.8%
O&Ps performed, n (%) 23,952 (90.4%)
O&P positives, n 219
Test positive rate 0.9%
Total positives, n 843
Protocol sensitivity 99.8%

Of the original 26,483 tests performed, there were 845 positives

groupings: the first included all parasites; the second excluded G/C;
and the final included only rare parasites (ie, excluded G/C and D fra-
gilis). All ORs showed strong evidence of travel being associated with
parasitic infection. Definition A, which had the strictest exposure
classification, consistently had the highest OR; the odds of those who
recently travelled having a parasitic infection were 5.29 times that of
those who had not recently travelled when all parasites were included.
Using the parasite groupings during travel analysis, rare parasites had
the highest OR for travel at 16.67.

Table 5 shows the results for the six alternative protocols using
the previously defined measures. Protocol 1 (no HTST and only
O&P where travel was indicated) would result in a significant
decrease in O&P testing (only 3.9% of original tests would be per-
formed), but would capture only 8.4% of total positives. The second
protocol had a similar decrease in the number of O&Ps performed,
although it was augmented by a significant amount of screening. The
sensitivity of this protocol was considerably higher than protocol 1,
at 44.5%. The third protocol had a similarly low level of O&P test-
ing (3.7%) but captured 75.9% of all positives. Protocol 4 (no HTST
and O&P was performed unless the travel field contained a ‘No’

response) had a much higher rate of O&P testing (92.7%), but also a
higher rate of capturing positives (96.9%) and no additional screen-
ing tests. Compared with the previous, protocol 5 increased the posi-
tives captured by 2% with the introduction of screening for two
parasites, and a 1% decrease in the number of O&P tests. The final
protocol (protocol 6) involved high levels of screening, but a near-
perfect capture of positives. It should be noted that for all of the
above protocols, if the sample was positive for multiple parasites (of
which at least one was screened for), the other nonscreened parasites
would not be identified. These nonidentified concurrent infections
are not included in the numbers presented.

DISCUSSION

Traditional protocols require collecting multiple (typically two to
three) stool samples to increase the sensitivity for the diagnosis of
parasites using standard O&P testing, due to varied parasite shedding
patterns in stool (13,20). Approximately 10% of all samples in the
present study were same-day multiple samples, although it is possible
they were collected from the patient over several days and submit-
ted on a single day. Recently, studies have shown that the collection
of multiple samples may be unnecessary due to improved labora-
tory practices (20). Specifically, across two studies, between 90%
and 95.6% of patients would have been diagnosed positive by the
first sample (21,22). This is further supported by the present study,
which found that 98% of same-day multiples had the same result
(either positive or negative). Additionally, the use of EIA or PCR
techniques (as suggested by the high-throughput screening stage of
the present analysis) may also decrease the need for multiple sample
submissions due to the increased sensitivity of these testing platforms
(15,16,18). This compiled evidence recommends changing the lab-
oratory protocol to collecting only a single stool sample. This would
decrease the workload by a minimum of 10% (recognizing that many
patients have multiple samples submitted over time, which could not
be captured by the present study) with little change in the capture
of positives. Multiple studies noted that G lamblia and D fragilis (the
two most prevalent parasites in the present study) were the least
likely parasites to be detected if only one stool sample was collected
(21,23). An appropriate alternative was suggested by numerous stud-
ies wherein a second stool sample is submitted only after the first has
been reported to the physician with a negative result and the patient
remains symptomatic (13,20,21).

The descriptive stage of the study revealed low rates of positives
in samples submitted to this subset of Ontario laboratories, with only
3% of all samples testing positive. This is similar to the results of a
study performed at the Children’s Hospital of Ottawa, which found a
positive rate of 4.8% for the three most prevalent parasites (D fragilis
and G/C) (5).

Many parasitic infection risk factors were identified in the litera-
ture and analyzed in the present study. Our results corroborate other
studies in finding that males have slightly higher odds of having a
parasitic infection (7,11,24). Furthermore, younger age was found to
be a risk factor both in the present study and existing literature,
although there is no consensus on the exact age of elevated risk
(7,11,24,25).

In North America, G/C infections have a higher incidence in
rural regions; the present study identified these two parasites as being
most strongly associated with regions of low population density.
Other studies, including two performed in Ontario, have found statis-
tically significant associations between living rurally and these proto-
zoan infections (2,11,25). For example, Odoi et al (2) found the
relative risk of giardiasis was 1.73 in rural areas compared with urban
areas. The present study also identified an association between D fra-
gilis infection and low population density, which had not been noted
in other studies. Conversely, a high OR of contracting a rare parasite
among those who live in urban areas was observed, and can likely be
explained as a proxy for a travel-based association because urban areas
have higher populations of individuals who are foreign born (26).
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Despite the high percentage of incomplete fields, the present study
identified travel as the most significant risk factor for parasitic infec-
tion. Moreover, higher ORs for more rare parasites were found in this
population, suggesting that these parasites are being acquired while
patients are travelling. Numerous other studies have analyzed the
impact of travel and immigration on contracting parasites in North
America and Europe (9,27); for example, a study in England and
Wales of Cyclospora cases noted that 61% reported recent travel (28).
Other studies have documented the prevalence of parasitic infections
in immigrants and refugees to the developed world (29,30); an
Australian study identified intestinal parasites in 66% of stool samples
from a group of recent East African immigrants (<4 years since immi-
gration) and 12% of Cambodian immigrants who had arrived a
median of 14 years previously (29).

Of the six preliminary alternative laboratory protocols tested by
the present study, protocols 1 and 2 had low captures of positives and
were, therefore, deemed insufficient. The remaining four were identi-
fied as reasonable and, thus, warrant further consideration. Specifically,
the third protocol was the most optimized; protocols 5 and 6 had the
most complete capture of positive specimens with varying levels of
screening and O&P tests; and protocol 4 was the best option should
HTST prove impractical. Our study assumed each HTST was for a
single parasite, while in practice commercial tests are available where
multiple parasites are tested simultaneously (3,14,16,17), which would
result in higher screening positive test rates. The present analysis was
limited by assuming 100% sensitivity and specificity for the HTST;
however, the literature does suggest that high values are probable and,
thus, the assumptions are reasonable. Sensitivities for the EIA have
been found to be between 82% to 100% and specificities between
91.5% to be >98% (3,14). Most studies investigating molecular meth-
ods have determined that the sensitivities and specificities are higher
than the gold standard of O&P (16-18).

Given that travel status was identified as a key criterion for test-
ing, and that >85% of requisitions did not report on travel status,
making the field mandatory on the requisition form would improve
its use as an inclusion/exclusion criterion. Furthermore, both the
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