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Abstract
The aim of the present study was to check the occurrence of Giardia duodenalis among children from Santa Catarina state,
Brazil. Ninety-one stool samples collected from children enrolled in eight local elementary schools (Group I) and from 529 children whose stools were analyzed by a local privately-owned laboratory (Group II) were screened. Group I had 12.09% of G.
duodenalis cysts in the flotation method and 7.69% in the sedimentation method, while Group II had 5.29% and 4.73% in the
same methods, respectively. The positive results of the 620 samples for G. duodenalis in both diagnostic methods corresponded to 6.29%. The sensitivity of the flotation method, compared to the sedimentation one, was 81%, whereas specificity was
99% with a positive predictive value of 91% and a negative predictive value of 99%, with a Kappa of 0.98 and accuracy of 98%.
There was no difference in parasitic infection rates relative to age and seasons of the year for any of the groups, but a significant difference was observed on the chi-squared test (p ≤ 0.05), on which boys from Group II were more likely to be infected.

Resumen
El presente estudio tuvo por objeto verificar la ocurrencia de G. duodenalis entre los niños de la ciudad de Lages, Santa Catarina, Brazil. Fueron evaluadas 91 muestras de heces de niños (Grupo I) matriculados en la enseñanza primaria de las escuelas
municipales (EMEB) y de 529 niños (Grupo II) cuyo material fecal fue proveniente de un laboratorio particular de la ciudad.
Los niños del Grupo I presentaron 12,09% de quistes de G. duodenalis por el método de flotación y 7,69% en el método de
sedimentación; los del Grupo II, 5,29% y 4,73% en los mismos métodos, respectivamente. La positividad de G. duodenalis par
las 620 muestras, por los dos métodos de diagnósticos fue de 6, 29%. La sensibilidad para el método de flotación en relación
al método de sedimentación fue de 81% y la especificidad de 99% con valor predictivo positivo (VPP) de 91%, valor predictivo
negativo (VPN) de 99%, con concordancia Kappa = 0,98 y eficacia de 98%. No hubo diferencia para la infección parasitaria en
relación las edades y estaciones del año para los grupos avaluados, pero hubo diferencia significativa a través del teste de χ2
(p ≤ 0,05) en la cual los niños del Grupo II presentaran mayor probabilidad de infección.
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The flotation method was based on the technique of Faust et al.
[5], and sedimentation followed the techniques of Hoffman, Pons
and Janer [6]. Protozoan structures were identified under light
microscopy (Nykon) at magnifications of 100X and 400X.

1. Introduction
In developed countries, giardiosis is known as a re-emerging
parasitic disease due to its growing and well-known importance in outbreaks of diarrheal diseases in day care centers and in
epidemics transmitted by the intake of contaminated water [1].
Giardiosis has been accountable for bouts of diarrhea in day care
centers, resulting mainly from social changes, which have urged
women to enter the job market, leading to the earlier-than-usual
need of taking children into out-of-home care, exposing them to
infections acquired from the contact with other children; from lack
of hygiene of the places where they spend the day; and from their
poorer immune response [2]. Because of that, there has been a
high prevalence rate of Giardia duodenalis infection in humans in
school environments, day care centers, or crowded places.

The Software R’s chi-squared test (R Core Team, 2012) [7] and
SAS FREQ [8] procedure were used for the statistical analysis,
with a p≤ 0.05 set as statistically significant and a 95% confidence interval. The diagnostic tests assessed sensitivity, specificity,
positive and negative predictive values, the kappa statistic, and
accuracy. The kappa statistic measure of agreement [9] was scaled as K < 0.00 (poor); 0.00-0.21 (low); 0.21-0.41 (fair); 0.41-0.61
(moderate); 0.61-0.81 (substantial); 0.81-1.0 (high) and applied
to flotation and sedimentation.
3. Results

School-aged children are highly vulnerable and largely exposed to parasitic diseases; hence, the World Health Organization
(WHO) regards them as priority in programs for endemic diseases [3]. In Brazil, the prevalence of G. duodenalis infection varies
according to the climatic and socioeconomic conditions faced by
Brazilian states; in addition, prevalence studies take into account
the stratification of the sampled population, such as age, environment (day care centers, schools, households, laboratories),
as well as the presence or absence of symptoms and diagnostic
techniques.

Ninety-one stool samples from school-aged children collected in
home visits (Group I) and 529 samples from children tested at a
privately-owned laboratory (Group II) were analyzed. There were
11 positive samples (12.09%) for G. duodenalis cysts detected
by the flotation method and seven positive samples (7.69%) detected by the sedimentation method in Group I. Protozoan cysts
were found in 26 (4.91%) and 25 (4.73%) samples in Group II by
the flotation and sedimentation methods, respectively.
Out of the total of 620 stool samples (Group I and Group II) tested by both methods, the presence of G. duodenalis was detected in 6.29% (39/620).

The safe and efficient diagnosis of a parasitological process is
given by the presence of the parasite or of its products in the
host’s body. However, it is not always possible or easy to confirm
the existence of a parasitic disease [4]. The aim of this paper was
to determine the occurrence of G. duodenalis in children from
Lages, state of Santa Catarina, southern Brazil, and to assess
age, gender, and season of the year, and their effects on infection rates and predictive values, in addition to the sensitivity and
specificity of two diagnostic tests.

4. Discussion
These findings of G. duodenalis (6.29%) were much lower than
those recorded for children enrolled in schools of Araraquara,
state of São Paulo (11.1%) [10], and accounted for 30.5% of
stool samples from children enrolled in a school belonging to a
landless community in Campo Florido, state of Minas Gerais [11].
The results obtained here are consistent with those observed in
children from Botucatu, state of São Paulo, indicating the presence of G. duodenalis in 7% of the samples [12]; 4.7% in inpatients
of a children’s hospital in Rio de Janeiro [13] and 6.7% in stool
samples of children from Araraquara, state of São Paulo [14]. In
the state of Santa Catarina, 18% in children from a Center for
Children’s Education in Blumenau [15]; 13.8% in children from
a local school in Florianópolis [16]; 15.9%, 15.2% and 8.3% in
school-aged in Concórdia in 2000, 2001 and 2002, respectively
[17]. In Lages, 14% of children aged 2 to 6 years from six Centers for Children’s Education were infected by G. duodenalis [18];
in the same town, cysts of this parasite were detected in 20%
of stool samples collected from children in six suburban neighborhoods covered by the Family Health Program [19]. The low
prevalence of G. duodenalis in our study may be related to the
collection of a single stool sample, which can detect around 70%
of positive samples, rising to 85% when three different samples
are analyzed; but in this study, it would not be possible to use
such methodology because it would be difficult to obtain samples from both Group I and Group II; this low prevalence may
also be related to the better quality of life of the population and
to the implementation of a sewage treatment plant in 2010 [20].
The sensitivity of the flotation method was 81% compared to the
sedimentation method; the specificity was 99%, with positive predictive value of 91% and a negative predictive value of 99%; the
kappa statistic yielded 0.98; and accuracy was equal to 98%. In
this study, the technique of Faust et al. [5] was used as standard
for the diagnosis of G. duodenalis as it has good sensitivity and

2. Materials and Methods
Stool specimens were collected from children enrolled in the 1st
to 5th grades of elementary education in eight town-run schools
(Group I) in Lages, state of Santa Catarina, Brazil. After the consent of parents or legal representatives, home visits were conducted on a weekly basis, and the collection of stool specimens
took place from July 2010 to December 2011. The study protocol
(no. 005-09) was approved by the Human Research Ethics Committee of Universidade do Planalto Catarinense. Stool samples
were also collected from children submitted to parasitological
tests carried out by a privately-owned laboratory (Group II) in Lages. Discarded samples, collected twice weekly, from September
2011 to January 2012, were used.
Children’s ages were obtained during the home visits and from
the laboratory medical charts, and protocol numbers, and information about the grades they were in and about the neighborhoods they lived in, were also used. All the collected information
was kept in strictest confidence, without any access to patients’
complementary data.
The specimens were refrigerated at 4o C without the use of preservatives, and the analyses were performed within 48 hours.
The stool tests were carried out at the Laboratory of Parasitology
and Zoology of UNIPLAC from July 2010 to January 2012.
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specificity and is used for prevalence studies and also for screening in preparations of molecular techniques [21]. The method
showed a sensitivity of only 81% for the detection of G. duodenalis; however, its specificity proved to be good, allowing for the
identification of seronegative individuals for parasitic infection,
with a kappa of 0.98, regarded as excellent for the test, whose
reference values range from 0.81 to 1.0. The two methods (flotation and spontaneous sedimentation) used for the diagnosis of
Giardia were compared, and the flotation method outperformed
the sedimentation one, which is in line with the scarce literature
on veterinary parasitology. The higher performance of the flotation method has to do with the inherent features of the technique,
which allow for a larger concentration of the protozoan, better visualization of parasitic structures, and a lesser amount of debris,
which are not observed in the sedimentation method.

behavior of infection in different seasons of the year (winter,
spring and summer), there was no difference for the diagnosis
of G. duodenalis; however, in a study with 200 stool samples of
children from Araraquara, most positive samples were detected
in summertime [23], [24].
Diagnoses with good sensitivity, specificity, low cost, quick results, and reproducibility are a necessity, especially in northern
Brazil, where poor socioeconomic conditions predispose to high
levels of intestinal parasitic infections [25]. Laboratory routine
methods should be able to detect several intestinal pathogens
[26] and their costs should be lower.
The flotation method revealed excellent specificity and excellent
level of agreement for the analyzed methods, but its sensitivity
was low, not allowing for a safe and efficient diagnosis. There
was no difference in parasitic infection regarding age and seasons of the year in any of the groups, but the boys from Group
II were more susceptible to infection. Diagnostic methods with
good sensitivity and specificity, combined with low cost and quick
results, are important so that curative and prophylactic measures
can be adopted against Giardiasis.

Spontaneous sedimentation, represented by the technique of
Hoffman et al. (1934) [6], provides a satisfactory and safe diagnosis even when the amounts of parasitic structures are small, and that is possible because of the larger amount of stools
analyzed. As the technique uses inexpensive materials, it has
been widely utilized in epidemiological surveys [22]. There was
statistical significance between Group I and Group II, as demonstrated by the chi-squared test, with a p ≤ 0.05 for Group II samples. In this study, this difference could not be maintained due to
the lack of knowledge about the lifestyle of the children sampled
in Group II. Out of 91 stool samples in Group I, 52.75% (48/91)
were collected from girls and 47.25% (43/91) from boys; in Group
II, 54.06% (286/529) were from girls and 45.94% (243/529) from
boys. Agewise, in Group I there was predominance of children
between 7 and 8 years old (33.26%) while in Group II most children were between 9 and 10 years old (38.37), as shown in Table
1

5. Conclusion
Sanitary rejections of sheep, essentially liver and lung, correlated closely with the age of the animal. It was significant that only
a few diseases accounted for most of the rejections. The most
important parasitoses were hydatidosis in sheep more than one
year old and cysticercosis in lambs, with rejections reaching their
highest level for lambs in spring and for adult sheep in spring
and summer.
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