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Abstract

Giardia spp.is a flagellated protozoan that parasitizes the small intestine of various mammals, birds, and
amphibians, being transmitted via the fecal-oral route. Giardiasis is one of the most prevalent parasitic diseases
inboth developed and developing countries, with a prevalence of 0,1-5% and 20-30%, respectively, and is
correlated with poor hygiene practices, such as irregular handwashing, which consequently contaminates
food when handled. Cattle and sheep are sources of infection for humans due to the zoonotic potential
of the species that affect them, especially calves, which play an important role in the dissemination of
the parasite in the environment by excreting 10° cysts per gram of feces, contaminating water sources,
which, even when treated, only reduce and do not eliminate the protozoan. This study investigated the
prevalence of Giardia spp.in ruminants in the southern region of Rio Grande do Sul, Brazil. Between June
2023 and April 2024, 384 fecal samples from young cattle and sheep were analyzed, collected directly from
the rectal ampulla and subjected to coprological tests at the Laboratory, used the zinc sulfate centrifugal
flotation technique to visualize protozoan cysts and calculate their prevalence. The results showed that
19,15% of sheep (27/141), 13,99% of cattle (34/243) and 15.88% in both species (61/384) tested positive
for Giardia spp. This study revealed a significant prevalence of Giardia spp. in young ruminants in the
southern region of Rio Grande do Sul, posing an important zoonotic risk.
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Resumo

Giardia spp. é um protozoario flagelado que parasita o intestino delgado de varios mamiferos, aves e
anfibios, sendo transmitido pela via fecal-oral. A giardiase é uma das doencas parasitarias mais prevalentes
tanto em paises desenvolvidos quanto em desenvolvimento, com prevaléncia de 0,1-5% e 20-30%,
Tespectivamente, e esta correlacionada com praticas precarias de higiene, como lavagem irregular das
maos, que consequentemente contamina os alimentos quando manipulados. Bovinos e ovinos sdo fontes
de infeccdo para humanos devido ao potencial zoonético das espécies que os acometem, especialmente
bezerros, que desempenham importante papel na disseminagao do parasita no ambiente ao excretar 10°
cistos por grama de fezes, contaminando fontes de agua, que, mesmo tratadas, apenas reduzem e nao
eliminam o protozoario. Este estudo investigou a prevaléncia de Giardia spp. em ruminantes na regido sul
do Rio Grande do Sul, Brasil. Entre junho de 2023 e abril de 2024, foram analisadas 384 amostras fecais
debovinos e ovinosjovens, coletadas diretamente da ampolaretal e submetidas a testes coproldgicos no
Laboratério, utilizando a técnica de centrifuga-flotacao com sulfato de zinco para visualizacao de cistos
de protozoarios e calculo de sua prevaléncia. Os resultados mostraram que 19,15% dos ovinos (27/141),
13,99% dos bovinos (34/243) e 15,88% em ambas as espécies (61/384) apresentaram resultados positivos
para Giardia spp. Este estudo revelou uma prevaléncia significativa de Giardia spp. em ruminantes jovens
na regido sul do Rio Grande do Sul, representando um importante risco zoonético.
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Introduction

Giardia spp. is a flagellated protozoan that parasitizes the small intestine of mammals, birds,
reptiles and amphibians worldwide (Ryan & Zahedi, 2019). There are numerous species of
Giardia spp. that infect various hosts, and transmission occurs via the fecal-oral route, either
through direct contact with infected humans or animals and indirectly through the ingestion of
food and water contaminated with cysts (Ryan & Zahedi, 2019; Santin, 2020).

Although it is widely associated with infections in companion animals (e.g., dogs and cats)
and the risk of transmission to humans, its incidence in ruminants is also significant, requiring
detailed investigations in the context of public health (Mateusa et al., 2023; Squire & Ryan,
2017). Cattle, sheep, and goats are often affected by different species of Giardia spp. (e.g., Giardia
duodenalis and Giardia bovis), contributing to the spread of the parasite in the environment and
increasing the likelihood of transmission to humans (Mateusa et al., 2023; Squire & Ryan, 2017).

The prevalence of Giardia spp. in livestock is high, with rates in cattle reaching up to 74%
(Moreira et al,, 2020). Thus, G. duodenalis (syn. G. intestinalis, G. lamblia) is subdivided into eight
assemblages: A and B, which are responsible for infecting humans and other domestic and wild
mammials; Cand D - canines; E - cattle and other hoofed animals; F - domestic cats; G - rats; and
H-pinnipeds (Moreira et al,, 2020; Ryan & Caccio, 2013; Ryan & Zahedji, 2019; Taghipour et al., 2022).

In cattle and sheep, the disease can be transmitted by different groups, with group E being the
most commonly described, as well as assemblages A, B, and D, which have also been identified in
these animals. Assemblages A and B are characterized by a high zoonotic potential due to their
wide range of hosts. Additionally, studies report the occurrence of group E in humans in several
countries, including Brazil (Fantinatti et al., 2016; Zhao et al,, 2024).

Affected animals are usually asymptomatic but may exhibit clinical signs such as diarrhea,
lethargy, weight loss, and consequently, a decrease in production (meat, milk, and wool) (Sa et al,,
2020). On the other hand, in countries like Brazil, giardiasis affects more than 50% of the population,
with children being the most impacted, especially due to the habit of not washing their hands
frequently and having direct contact with infected domestic animals. In the chronic phase of the
disease, the protozoan can cause intestinal absorption problems, which can lead to weight loss,
iron deficiency and anemia (Fakhri et al,, 2021; Monteiro, 2017; Sa et al., 2020).

Considering the importance of Rio Grande do Sul in cattle and sheep farming, along with the
economic losses due to parasitic diseases that affect these animals and the impact of giardiasis
on public health, the present study aims to evaluate the prevalence of Giardia spp.in ruminants
from farms located in the southern region of Rio Grande do Sul, Brazil.

Materials and methods

Data collection for the study

To conduct the study, fecal samples from ruminants (cattle and sheep) received and processed
in the laboratory of the Parasitic Diseases Study Group of the Federal University of Pelotas during
the period from June 2023 to April 2024 were used. These samples came from 63 farms in the
southern region of Rio Grande do Sul, Brazil.

A total of 384 samples were analyzed: 141 from sheep and 243 from young cattle, up to one
year of age. These samples were collected directly from the rectal ampoule using a plastic bag
or sterile glove, identified, placed in refrigerated isothermal containers and transported to the
laboratory by the responsible veterinarian, where they were subjected to coprological tests to
diagnose intestinal protozoa.

Laboratory examination

To visualize Giardia spp. cysts, the centrifuge-flotation technique in zinc sulfate described by
Faust et al. (1938), modified by Monteiro (2017), was used. This method allows for the identification
of helminth eggs, protozoan cysts, or oocysts. The techniqueis considered a qualitative diagnostic
method based on the principle of the flotation of eggs, cysts, or oocysts toward the coverslip.

The method involves weighing 2 grams of feces, macerating and homogenizing it with 15 ml of
33% zinc sulfate (ZnS04) solution, and then performing sieving. After this process, the solution is
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placed into a Falcon® tube until a meniscus forms. A coverslip is then placed on top, and the tube
is transferred to a centrifuge and spun for 5 minutes at 1,500 to 2,000 revolutions per minute.
After centrifugation, the coverslip is removed, and a drop of Lugol's iodine solution is added.
The coverslipis then placed on a microscope slide and examined under optical microscopy (10x
to 40x magnification). After processing the samples, the presence or absence of Giardia spp.
cysts was observed. The cysts, measuring approximately 12um, are characterized by having an
ovoid shape and the presence of four nuclei, and are identified as described by Monteiro (2017).

Statistical analysis

The prevalence was calculated as the proportion of positive cases relative to the total number
of individuals examined, expressed as a percentage (Meek & Willeberg, 1987; Rothman, 2012).
The formula used for the calculation is:

Prevalence (%) = (Number of positive cases + Total number of individuals) x 100

Results

In this study, the prevalence of Giardia spp. was assessed in two species of ruminants. Of the
141 sheep analyzed, 27 tested positive, corresponding to a prevalence of 1915%. Among the
243 cattle tested, 34 were positive, resulting in a prevalence of 13.99%. Therefore, considering both
species, the overall prevalence observed was 15.88%. Figure 1 presents images of the protozoan
cysts, recorded for visual analysis.
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Figure 1. Optical microscopy images of Giardia spp. cysts at 400X magnification. (a) Giardia spp. cysts stained
with Lugol in cattle; (b) Giardia spp. cysts in sheep. The black arrow indicates Giardia spp. cysts.

Discussion

The prevalence results found were of 13,99% (34/233) of cattle and 19,15% (27/141) of sheep
positive for Giardia spp., which differ from the data found in other studies such as Oliveira et al.
(2020), who analyzed 100 sheep samples in Brazil, finding 33% of animals positive for Giardia spp.,
anumber higher than observed in this study. Regarding cattle, Toledo et al. (2017) found a lower
number, 76% positive from 937 fecal samples of calves. Both authors used microscopy as a
diagnostic technique, although with different methods.

Studies using molecular techniques, such as Zhao et al. (2024), found a higher number of
positive animals, with 24% of 749 cattle samples positive, and Paz e Silva et al. (2014) found a
prevalence of 34% positive using polymerase chain reaction (PCR) and 37% using enzyme-linked
immunosorbent assay (ELISA) from 100 sheep fecal samples. According to a study conducted
on 500 sheep fecal samples, there was a significant difference in results depending on the
diagnostic method chosen: while microscopy showed a prevalence of 84%, PCR indicated
10,2%, demonstrating that the latter has higher sensitivity and specificity (Celik et al., 2023;
Santin, 2020).
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Although molecular methods are more reliable compared to coproparasitological diagnosis
(Santin, 2020), the latter is alower-cost, faster, and more accessible alternative for most producers,
especially for large herds.

Geurden et al. (2010) suggest that due to the intermittent shedding of Giardia spp. cysts, the
diagnosis of the protozoan should be based on multiple samples, especially during the chronic
phase. Paz e Silva et al. (2012) mention that it would be possible to estimate the prevalence of
giardiasis at 100% by analyzing more than one sample from the same animal over a period of
about three days. In this context, the results found in this study may be underestimated, as only
one sample per animal was analyzed.

The diagnostic methods for Giardia spp. are optical microscopy, antigen detection, or PCR
(Geurden et al., 2010; Santin, 2020). Through microscopic examination, it is possible to observe
the protozoan trophozoites and cysts using both direct and indirect techniques after concentration
with sucrose, zinc sulfate, or formalin. This method has advantages such as speed and only the
cost of the materials used, but disadvantages include the need for a trained and qualified person
for diagnosis and lower sensitivity compared to other methods (Geurden et al., 2010). In this
context, the centrifugation flotation technique used in this study is more recommended, as it
does not distort Giardia spp. cysts, unlike techniques that use supersaturated solutions such as
salt and sugar (Monteiro, 2017).

Giardia spp. infection in cattle and sheep is associated with various risk factors, including
contaminated environments, high population density, the use of untreated water sources, and
inadequate management practices (Zhao et al., 2023). The concentration of animals in intensive
systems and confined areas facilitates the spread of cysts in the environment (Geurden et al.,
2010). Additionally, young animals are more susceptible to infection due to their developing
immune systems (Zhao et al,, 2024). Stressful conditions, such as weaning and transportation,
can also impair the immune response of animals, increasing their vulnerability to giardiasis
(Park et al,, 2023).

In animal production, giardiasis causes economic losses due to asymptomatic infections and
diarrhea (Guimaraes et al., 2009; Santin, 2020). In cattle, the disease is related to weight gain; a
study observed that the average daily gain in negative calves is higher than in animals positive
for Giardia spp. (Urie et al., 2018). In sheep, diarrhea affects growth reduction and consequently
decreases carcass weight in lambs (Jacobson et al., 2016; Zahedi et al., 2020).

Cattle and sheep are sources of infection for humans due to the zoonotic potential of the
species affecting them (Geurden et al., 2010; Ryan & Caccio, 2013). Calves, in particular, play an
important role in the spread of the parasite in the environment by excreting 10° cysts per gram of
feces, contaminating water sources, which, even when treated, only reduce rather than eliminate
the protozoan (Mateusa et al., 2023; Toledo et al,, 2017).

The genotypes of Giardia spp. classified as zoonotic mainly include assemblages A and
B, which have the ability to infect both humans and animals, such as ruminants (cattle and
sheep). Although the samples in this study were not genotyped in this region, it is important to
highlight that these assemblages are widely recognized as zoonotic in various epidemiological
studies conducted in countries such as China, Korea, and Iraq (Alseady et al.,, 2023; Park et al.,
2023; Zhao et al,, 2024). In Brazil, Paz e Silva et al. (2012) identified genotype A in cattle feces in
the state of Sao Paulo. In the region close to the current study, Jeske et al. (2022) investigated
immunosuppressed patients treated in a hospital in Pelotas, covering municipalities in southern
Rio Grande do Sul, and identified genotypes A, B, C, and D in fecal samples from these patients.

Transmission to other hosts can occur through contaminated water, irrigation of crops (fruits
and vegetables) with wastewater containing animal fecal material, slaughterhouse effluents, and
direct oro-fecal contact between people and infected animals, especially in the case of veterinarians,
farmers, and zoo workers (Onursal & Icgen, 2023; Tawana et al., 2023; Zahedi et al., 2020).

Giardiasis is one of the most common parasitic diseases worldwide, occurring in both developed
and developing countries, with a prevalence of 0.1-5% and 20-30%, respectively (Ehsan et al., 2015;
Tawanaetal,, 2023; Zini et al,, 2021), and is correlated with poor hygiene practices, such asirregular
handwashing, which can consequently contaminate food during handling (Colli et al., 2015).

In southern Rio Grande do Sul, the prevalence of Giardia spp. was 66.7% in calves and 25% in
children, according to a study conducted in the municipality of Capao do Leao, which evaluated
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148 cattle and 22 children from 30 dairy farms (Recuero, 2007). Additionally, Jeske et al. (2022)
conducted a study in a hospital serving patients from municipalities in the southern part of the
state, observing a positivity rate of 17.3% for Giardia spp. among patients. These are the only
studies found in the region on the prevalence of Giardia spp., highlighting the need for future
research to deepen knowledge on the circulation of the protozoan and associated risk factors.

The southern region of the state is considered developed in terms of human development
and veterinary services for companion animals, compared to other regions (Coelho et al.,
2017). Although most municipalities in this region have basic sanitation and potable water
treatment, Zini et al. (2021) detected Giardia spp. cysts in water supply stations in Rio Grande
do Sul. The state's economic model, which uses spring areas for water collection, may favor
protozoan contamination, highlighting deficiencies in urban sewage treatment and livestock
waste management. The circulation of Giardia spp. is considered endemic in the region, with
agricultural activities and insufficient basic sanitation being identified as major sources of water
contamination.

Annually, 200 million people are infected with Giardia spp., making the disease of significant
public health importance (Jeske et al,, 2022), especially as it affects children, the elderly, and
immunocompromised individuals who are the most susceptible to infection (Razzolini et al,,
2020). In humans, the clinical manifestations of Giardia spp. are quite variable, some cases are
asymptomatic, while others may present symptoms such as abdominal pain, nausea, vomiting,
acute and chronic diarrhea, weight loss, and in severe cases, lead to the death of the patient (Ryan
& Caccio, 2013; Tawana et al,, 2023; Yin et al,, 2022).

Conclusion

This study revealed a significant prevalence of Giardia spp.in young ruminantsin the southern
region of Rio Grande do Sul, representing an important zoonotic risk.

Ethics statement

This study was approved by Ethics Committee for Animal Experimentation (CEEA) of UFPel,
under protocol number 23110.015241/2022-25. The CEEA at UFPel is accredited by the Brazilian
National Council for Animal Experimentation Control (CONCEA). All handling of animals in
connection with sampling was performed, considering animal welfare, and following international
and national guidelines.

Financial support
None.

Conflicts of interest

TSS, GRM, CGS, GTCM, SVNS, JSL, NSM, DMP and FGP - The authors declare that they have
no conflict of interest.

Authors’ contributions

TSS, GRM, CGS, GTCM, SVNS, JSL, NSM, DMP and FGP - Development of methodology;
preparation and writing the initial draft, review and editing manuscript.

Availability of complementary results
With the authors upon request.

The study was carried out at Laboratory of Study Group on Parasitic Diseases, Federal University
of Pelotas, Pelotas, Rio Grande do Sul, Brazil.

References

Alseady, H. H., Al-Dabbagh, S. M. K., & Marhash, A. D. (2023). Prevalence and molecular characterization of Giardia
intestinalis isolated from children and calves in Babylon province, Iraq. Veterinary World, 16(9), 1781-1789.
http://doi.org/10.14202/vetworld.2023.1781-1789. PMid:37859966.

Santos et al. 2024. Brazilian Journal of Veterinary Medicine, 46, e006524. DOI: 10.29374/2527-2179.bjvm006524 5/7



https://doi.org/10.14202/vetworld.2023.1781-1789
https://pubmed.ncbi.nlm.nih.gov/37859966

Diagnosis of Giardia spp. in ruminants at Southern Brazil

Celik, A. B, Celik, O. Y., Ayan, A, Orun¢ Kihng, O, Akyildiz, G, Irak, K., & Ayan, ©.(2023). Occurrence and genotype
distribution of Cryptosporidium spp. and Giardia duodenalis in sheep in Siirt, Turkey. Polish Journal of
Veterinary Sciences, 26(3), 359-366. http://doi.org/10.24425/pjvs.2023.145040. PMid:37727051.

Coelho, C. H,, Silva, D. A. S, Almeida, A. B., Souza, R. S., & Lima, M. L. (2017). Giardiasis as a neglected disease in
Brazil: Systematic review of 20 years of publications. PLoS Neglected Tropical Diseases, 11(10), eO006005.
http://doi.org/10.1371/journal.pntd.0006005. PMid:29065126.

Colli, C.M.,, Bezagio, R. C, Nishi, L, Ferreira, E. C., Falavigna-Guilherme, A. L., & Gomes, M. L. (2015). Food handlers
asalinkin the chain of transmission of Giardia duodenalis and other protozoa in public schools in southern
Brazil: Table 1. Transactions of the Royal Society of Tropical Medicine and Hygiene, 109(9), 601-603. http://doi.
0rg/10.1093/trstmh/trv062. PMid:26232795.

Ehsan, A. M., Geurden, T, Casaert, S, Parvin, S. M., Islam, T. M., Ahmed, U. M., Levecke, B., Vercruysse, J., &
Claerebout, E. (2015). Assessment of zoonotic transmission of Giardia and Cryptosporidium between
cattle and humans in rural villages in Bangladesh. PLoS One, 10(2), e0118239. http://doi.org/10.1371/journal.
pone.0118239. PMid:25695662.

Fakhri, Y, Daraei, H., Ghaffari, H. R,, Rezapour-Nasrabad, R., Soleimani-Ahmadi, M., Khedher, K. M., Rostami, A.,
& Thai, V. N. (2021). The risk factors for intestinal Giardia spp. infection: Global systematic review and meta-
analysis and meta-regression. Acta Tropica, 220, 105968. http://doi.org/10.1016/j.actatropica.2021.105968.
PMid:34029531.

Fantinatti, M., Bello, A. R., Fernandes, O., & Da-Cruz, A. M. (2016). Identification of Giardia lamblia assemblage
e in humans points to a new anthropozoonotic cycle. The Journal of Infectious Diseases, 214(8), 1256-1259.
http://doi.org/10.1093/infdis/jiw361. PMid:27511898.

Faust, E. C., Dantoni, J. S., Odom, V., Miller, M. I, Peres, C., Sawitz, W,, Thomen, L. F.,, Tobie, J., & Walker, J. H.
(1938). A critical study of clinical laboratory technics for the diagnosis of protozoan cysts and helminth
eggs in feces. I. Preliminary communication. American Journal of Tropical Medicine, 18(2), 169-183. http://
doi.org/10.4269/ajtmh.1938.51-18.169.

Geurden, T, Vercruysse, J., & Claerebout, E. (2010). Is Giardia a significant pathogen in production animals?
Experimental Parasitology, 124(1), 98-106. http://doi.org/10.1016/j.exppara.2009.03.001. PMid:19285075.

Guimaraes, L. B, Facury Filho, E. J,, de Carvalho, A. U., Ferreira, P. M., Ribeiro, M. F. B, Ferreira, M. G., & Freitas, M.
D. (2009). Comportamento da excrecdo de oocistos de Cryptosporidium spp. e de cistos de Giardia spp. em
bezerros infectados naturalmente. Brazilian Animal Science, 1, 660-665. https://doi.org/10.5216/cab.v1i0.7880.

Jacobson, C., Williams, A, Yang, R., Ryan, U,, Carmichael, I, Campbell, A. J, & Gardner, G. E. (2016). Greater intensity
and frequency of Cryptosporidium and Giardia oocyst shedding beyond the neonatal period is associated
with reductions in growth, carcase weight and dressing efficiency in sheep. Veterinary Parasitology, 228,
42-51. http://doi.org/10.1016/j.vetpar.2016.08.003. PMid:27692329.

Jeske, S. T, Macedo, M. R. P, Bianchi, T, Leon, I. F, Pinheiro, N. B., Borsuk, S., & Villela, M. (2022). Molecular
characterization of Giardia lamblia and risk factors for giardiasis among immunocompromised patients
in southern Brazil. Brazilian Journal of Biology = Revista Brasileira de Biologia, 82, e265055. http://doi.
org/10.1590/1519-6984.265055.

Mateusa, M., Ozolina, Z., Terentjeva, M., & Deksne, G. (2023). Giardia duodenalis Styles, 1902 Prevalence in
Cattle (Bos taurus Linnaeus, 1758) in Europe: A systematic review. Microorganisms, 11(2), 309-309. http://doi.
org/10.3390/microorganisms11020309. PMid:36838274.

Meek, A. H., & Willeberg, P. (1987). Veterinary epidemiology. ITowa State University Press.

Monteiro, S. G. (2017). Parasitologia na medicina veterindria (Vol. 2). Roca.

Moreira, A. DA S., Martins, N. S., Motta, S. P, dos Santos, C. C., de Macedo, M. R. P, & Ruas, J. L. (2020). Potencial
zoonotico da giardiose: Uma revisao. Brazilian Journal of Development, 6(10), 79856-79871. http://doi.
org/10.34117/bjdv6n10-420.

Oliveira, R. P, da Silva, M. S., de Lima, T. G,, da Costa, T. G., & dos Santos, J. A. (2020). Occurrence of natural
infection by Giardia sp. in goats and sheep reared in extensive system in cerrado of Piaui, Brazil. Brazilian
Journal of Development, 6(10), 76457-76464. http://doi.org/10.34117/bjdv6n10-171.

Onursal, A., & Icgen, B. (2023). Wastewater treatment plant discharges disseminated more Giardia than
Cryptosporidium. Water Environment Research, 95(2),e10839. http://doi.org/10.1002/wer.10839. PMid:36751137.

Park, Y.-J, Kim, H.-J, Lee, W.-J, Kim, K-S, & Lee, S.-H. (2023). Multilocus genotyping of Giardia duodenalis in
pre-weaned calves with diarrhea in the Republic of Korea. PLoS One, 18(1), e0279533. http://doi.org/10.1371
journal.pone.0279533. PMid:36638106.

PazeSSilva, F. M., Lopes, R. S., & Aratjo Junior, J. P. (2012). Genetic characterisation of Giardia duodenalisin dairy
cattle in Brazil. Folia Parasitologica, 59(1), 15-20. http://doi.org/10.14411/fp.2012.003. PMid:22439423.

Paze Silva, F, Lopes, R, Bresciani, K., Amarante, A, & Aratijo Junior, J. (2014). High occurrence of Cryptosporidium
ubiquitum and Giardia duodenalis genotype E in sheep from Brazil. Acta Parasitologica, 59(1),193-196. http://
doi.org/10.2478/s11686-014-0223-5. PMid:24570068.

Razzolini, M. T. P, Breternitz, B. S., Kuchkarian, B., & Bastos, V. K. (2020). Cryptosporidium and Giardia in
urban wastewater: A challenge to overcome. Environmental Pollution, 257, 113545. http://doi.org/10.1016/].
envpol.2019.113545. PMid:31733962.

Santos et al. 2024. Brazilian Journal of Veterinary Medicine, 46, e006524. DOI: 10.29374/2527-2179.bjvm006524 6/7



https://doi.org/10.24425/pjvs.2023.145040
https://pubmed.ncbi.nlm.nih.gov/37727051
https://doi.org/10.1371/journal.pntd.0006005
https://pubmed.ncbi.nlm.nih.gov/29065126
https://doi.org/10.1093/trstmh/trv062
https://doi.org/10.1093/trstmh/trv062
https://pubmed.ncbi.nlm.nih.gov/26232795
https://doi.org/10.1371/journal.pone.0118239
https://doi.org/10.1371/journal.pone.0118239
https://pubmed.ncbi.nlm.nih.gov/25695662
https://doi.org/10.1016/j.actatropica.2021.105968
https://pubmed.ncbi.nlm.nih.gov/34029531
https://pubmed.ncbi.nlm.nih.gov/34029531
https://doi.org/10.1093/infdis/jiw361
https://pubmed.ncbi.nlm.nih.gov/27511898
https://doi.org/10.4269/ajtmh.1938.s1-18.169
https://doi.org/10.4269/ajtmh.1938.s1-18.169
https://doi.org/10.1016/j.exppara.2009.03.001
https://pubmed.ncbi.nlm.nih.gov/19285075
https://doi.org/10.5216/cab.v1i0.7880
https://doi.org/10.1016/j.vetpar.2016.08.003
https://pubmed.ncbi.nlm.nih.gov/27692329
https://doi.org/10.1590/1519-6984.265055
https://doi.org/10.1590/1519-6984.265055
https://doi.org/10.3390/microorganisms11020309
https://doi.org/10.3390/microorganisms11020309
https://pubmed.ncbi.nlm.nih.gov/36838274
https://doi.org/10.34117/bjdv6n10-420
https://doi.org/10.34117/bjdv6n10-420
https://doi.org/10.34117/bjdv6n10-171
https://doi.org/10.1002/wer.10839
https://pubmed.ncbi.nlm.nih.gov/36751137
https://doi.org/10.1371/journal.pone.0279533
https://doi.org/10.1371/journal.pone.0279533
https://pubmed.ncbi.nlm.nih.gov/36638106
https://doi.org/10.14411/fp.2012.003
https://pubmed.ncbi.nlm.nih.gov/22439423
https://doi.org/10.2478/s11686-014-0223-5
https://doi.org/10.2478/s11686-014-0223-5
https://pubmed.ncbi.nlm.nih.gov/24570068
https://doi.org/10.1016/j.envpol.2019.113545
https://doi.org/10.1016/j.envpol.2019.113545
https://pubmed.ncbi.nlm.nih.gov/31733962

Diagnosis of Giardia spp. in ruminants at Southern Brazil

Recuero, A. L. C. (2007). Giardiose humana e bovina na bacia leiteira do municipio do Capdo do Ledo, RS (Dissertacao
de mestrado). Universidade Federal de Pelotas.

Rothman, K. J. 2012). Epidemiology: An introduction. Oxford university press.

Ryan, U, & Caccio, S. M. (2013). Zoonotic potential of Giardia. International Journal for Parasitology, 43(12-13),
943-956. http://doi.org/10.1016/j.ijpara.2013.06.001. PMid:23856595.

Ryan, U, & Zahedj, A. (2019). Molecular epidemiology of giardiasis from a veterinary perspective. Advances in
Parasitology, 106, 209-254. http://doi.org/10.1016/bs.apar.2019.07.002. PMid:31630759.

S& F.DEP, de Moura, L. C, Mota, P. L. M., & Ferrer, D. M. V. (2020). Giardiase e a sua relevancia na satde puiblica.
Pubvet, 15(6), 181. http://doi.org/10.31533/pubvet.v15n06a828.1-8.

Santin, M. (2020). Cryptosporidium and Giardia in raminants. The Veterinary Clinics of North America. Food
Animal Practice, 36(1), 223-238. http://doi.org/10.1016/j.cvfa.2019.11.005. PMid:32029186.

Squire, S. A., & Ryan, U. (2017). Cryptosporidium and Giardia in Africa: Current and future challenges. Parasites
& Vectors, 10(1),1-32. http://doi.org/10.1186/s13071-017-2111-y. PMid:28427454.

Taghipour, A., Sharbatkhori, M., Tohidji, ., Ghanbari, M. R., Karanis, P, Olfatifar, M., & Javanmard, E. (2022). Global
prevalence of Giardia duodenalis in cattle: A systematic review and meta-analysis. Preventive Veterinary
Medicine, 203,105632. http://doi.org/10.1016/j.prevetmed.2022.105632. PMid:35427916.

Tawana, M., Onyiche, T. E., Ramatla, T, & Thekisoe, O. (2023). A ‘One Health' perspective of Africa-wide
distribution and prevalence of Giardia species in humans, animals and waterbodies: A systematic review
and meta-analysis. Parasitology, 150(9), 769-780. http://doi.org/10.1017/SO031182023000513. PMid:37246558.

Toledo, R. S, Martins, F. D. C,, Ferreira, F. P, Almeida, J. C,, Ogawa, L., Santos, H. L. E. P. L., Santos, M. M., Pinheiro,
F. A, Navarro, I. T, Garcia, J. L., & Freire, R. L. 2017). Cryptosporidium spp. and Giardia spp. in feces and water
and the associated exposure factors on dairy farms. PLoS One, 12(4), e0175311. http://doi.org/10.1371/journal.
pone.0175311. PMid:28403147.

Urie, N.J, Lombard, J. E,, Shivley, C. B, Adams, A. E., Kopral, C. A., & Santin, M. (2018). Preweaned heifer management
on US dairy operations: Part III. Factors associated with Cryptosporidium and Giardia in preweaned dairy heifer
calves. Journal of Dairy Science, 101(10), 9199-9213. http://doi.org/10.3168/jds.2017-14060. PMid:29859689.

Yin, C, Liu, B, Hur, K, & Dong, S. (2022). Assessing microbial and Chemical exposure risks of Giardia in indoor
swimming pool water disinfected by chlorine. Journal of Environmental Sciences (China), 117, 276-284. http://
doi.org/10.1016/}.jes.2022.05.006. PMid:35725079.

Zahedi, A., Ryan, U, Rawlings, V., Greay, T., Hancock, S., Bruce, M., & Jacobson, C. (2020). Cryptosporidium and
Giardia in dam water on sheep farms: An important source of transmission? Veterinary Parasitology, 288,
109281. http://doi.org/10.1016/j.vetpar.2020.109281. PMid:33142151.

Zhao, Q, Li, H, Wang, X,, Zhang, Y., Wang, Z., & Wang, L. (2023). Giardia duodenalis in Hu sheep: Occurrence
and environmental contamination on large-scale housing farms. Parasite (Paris, France), 30, 2. http://doi.
org/10.1051/parasite/2023004. PMid:36700707.

Zhao, Q. Yang, B, Huang, M., Qi, M., Xu, C, Jing, B, & Zhang, Z. (2024). Molecular detection and genetic characteristics
of Giardia duodenalisin dairy cattle from large-scale breeding farms in Xinjiang, China. Parasitology Research,
123(1),106. http://doi.org/10.1007/s00436-024-08123-2. PMid:38243024.

Zini, L., Lorenzini, R., Camelo, L., & Gutterres, M. (2021). Occurrence of Cryptosporidium and Giardia in surface
water supply from 2016 to 2020 in South Brazil. Environmental Monitoring and Assessment, 193(8), 496.
http://doi.org/10.1007/s10661-021-09280-y. PMid:34282498.

Santos et al. 2024. Brazilian Journal of Veterinary Medicine, 46, e006524. DOI: 10.29374/2527-2179.bjvm006524 7/7



https://doi.org/10.1016/j.ijpara.2013.06.001
https://pubmed.ncbi.nlm.nih.gov/23856595
https://doi.org/10.1016/bs.apar.2019.07.002
https://pubmed.ncbi.nlm.nih.gov/31630759
https://doi.org/10.31533/pubvet.v15n06a828.1-8
https://doi.org/10.1016/j.cvfa.2019.11.005
https://pubmed.ncbi.nlm.nih.gov/32029186
https://doi.org/10.1186/s13071-017-2111-y
https://pubmed.ncbi.nlm.nih.gov/28427454
https://doi.org/10.1016/j.prevetmed.2022.105632
https://pubmed.ncbi.nlm.nih.gov/35427916
https://doi.org/10.1017/S0031182023000513
https://pubmed.ncbi.nlm.nih.gov/37246558
https://doi.org/10.1371/journal.pone.0175311
https://doi.org/10.1371/journal.pone.0175311
https://pubmed.ncbi.nlm.nih.gov/28403147
https://doi.org/10.3168/jds.2017-14060
https://pubmed.ncbi.nlm.nih.gov/29859689
https://doi.org/10.1016/j.jes.2022.05.006
https://doi.org/10.1016/j.jes.2022.05.006
https://pubmed.ncbi.nlm.nih.gov/35725079
https://doi.org/10.1016/j.vetpar.2020.109281
https://pubmed.ncbi.nlm.nih.gov/33142151
https://doi.org/10.1051/parasite/2023004
https://doi.org/10.1051/parasite/2023004
https://pubmed.ncbi.nlm.nih.gov/36700707
https://doi.org/10.1007/s00436-024-08123-2
https://pubmed.ncbi.nlm.nih.gov/38243024
https://doi.org/10.1007/s10661-021-09280-y
https://pubmed.ncbi.nlm.nih.gov/34282498

