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This study was aimed at determining the prevalence of Cryptosporidium spp. and 
Giardia duodenalis in pigs which were being raised in intensive management systems. Faecal 
samples were collected from pigs of all age groups from three different piggery units. Samples 
were collected directly from the rectum for piglets and weaners and from the floor within 
2 min – 5 min of excretion for sows and boars. At the time of collection, faecal consistency 
was noted as being normal, pasty or diarrhoeic. Samples were analysed further using the 
Merifluor® Cryptosporidium/Giardia immunofluorescence assay. All piggeries had at least one 
pig infected with either parasite. From a total 217 samples collected, 96 (44.2%; confidence 
interval [CI] = 37.6% – 50.9%) were positive for Cryptosporidium spp., whilst 26 (12%; CI = 7.6% 
– 16.3%) had G. duodenalis parasites. Of all the pigs, 6.9% (15/217) harboured both parasites. 
With regard to Cryptosporidium spp. infection, statistically significant differences were observed 
amongst the three units (p = 0.001), whereas no significant differences were observed for 
G. duodenalis infection (p = 0.13). Prevalence was higher in weaners as compared to other pig 
classes for both parasites, with significant differences being observed for G. duodenalis infection 
(p = 0.013). There was, however, no difference in infection between male and female pigs for 
both parasites. Furthermore, most infections were asymptomatic. From the study results it 
was clear that Cryptosporidium spp. and G. duodenalis infections were prevalent amongst pigs 
in the piggeries evaluated and, as such, may act as a source of infection for persons who come 
into contact with them.

© 2012. The Authors.
Licensee: AOSIS 
OpenJournals. This work
is licensed under the
Creative Commons
Attribution License.

Introduction
Cryptosporidium spp. and Giardia duodenalis are protozoan parasites infecting a wide range of 
domestic animals including livestock, dogs and cats (Fayer 2004; Thompson 2004; Xiao & Fayer 
2008). Both cryptosporidiosis and giardiosis, the respective diseases which these parasites cause, 
are reported to be zoonoses, although the status of giardiosis as a zoonosis is still debatable (Monis 
& Thompson 2003; Smith et al. 2006). Each genus comprises a complex of species and genotypes, 
some of which are pathogenic and some specific to particular hosts (Caccio et al. 2005; Smith et al. 
2006; Xiao et al. 2004). Of the eight known assemblages, only two assemblages of G. duodenalis, A 
and B, are considered to be zoonotic (Feng & Xiao 2011).

Transmission occurs directly or indirectly by the ingestion of either oocysts or cysts from infected 
individuals, via contaminated water, food and pasture (Castro-Hermida et al. 2005; Graczyk, Fayer 
& Cranfield 1997; Preiser, Preiser & Madeo 2003; Xiao, Herd & Bowman 1994; Xiao, Herd & Rings 
1993). With cryptosporidiosis, clinical manifestations vary and depend on the age and health 
status of the host, the infective dose and the genetic background of the parasite (Xiao & Fayer 
2008), with stressed and immunologically compromised animals being more susceptible (Enemark 
et al. 2002; Ramirez, Ward & Sreevatsan 2004). In young livestock, the disease can be debilitating 
and cause severe illness and/or death (De Graaf et al. 1999). In calves, cryptosporidiosis is often 
characterised by profuse watery diarrhoea of acute onset, anorexia, dehydration and weight 
loss (De Graaf et al. 1999; Fayer et al. 1998). For naturally infected pigs, the infection is typically 
asymptomatic even in young animals (Maddox-Hyttel et al. 2006; Ramirez et al. 2004). However, 
symptomatic infections do occur in young piglets less than three weeks of age, with inappetance, 
depression, vomiting, diarrhoea and mortality being the most common signs (Enemark et al. 2002; 
Enemark et al. 2003; Rotkiewicz et al. 2001). 

On the other hand, G. duodenalis infections in domestic animals are often asymptomatic, although 
clinical disease does occur in young animals (Geurden et al. 2006; O’Handley et al. 1999; Robertson 
et al. 2000). In calves, G. duodenalis mostly affects those between five and ten weeks of age 
(Thompson 2000), but infections may also occur in calves as young as four days (Xiao & Herd 
1994) and in adult cows (Maddox-Hyttel et al. 2006). Infection may result in numerous episodes 
of diarrhoea, which, in turn, adversely affects production and results in economic loses for 
producers (Xiao 1994). Other clinical signs may include chronic pasty diarrhoea, lethargy, weight 
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loss and poor condition (Thompson 2000). The occurrence of 
G. duodenalis in pigs has been reported in all age groups, from 
piglets to sows and boars, from Europe and North America 
(Langkjaer et al. 2007; Maddox-Hyttel et al. 2006; Olson et al. 
1997; Xiao et al. 1994), with age specific prevalence ranging 
from 7% – 84%.

Little is known about the prevalence of Cryptosporidium spp. 
and G. duodenalis in pigs in Africa and in particular Zambia. 
The aim of the present study was to determine the prevalence 
of Cryptosporidium spp. and G. duodenalis in pigs of all age 
groups from three piggeries in Zambia.

Materials and methods
Study area, sample collection and analysis
The University of Zambia, located in the country’s capital, 
Lusaka, has three piggery units that are run by three different 
departments of the university: the Schools of Veterinary 
Medicine (Ve) and Agricultural Sciences (Ag), located 
within the campus premises, and on Liempe Farm (Li), 
located in a neighbouring district about 20 km away from 
the main campus. The piggery units are used for teaching 
and commercial purposes. The present study was carried out 
in these units to determine the infection status of the pigs 
with Cryptosporidium spp. and G. duodenalis. Management is 
intensive and similar on all the three units. Weaned piglets 
were housed in groups of 10–20 depending on the size of the 
pen, whilst sows and boars were housed individually. Piglets 
were housed together with their dam. All pig houses had 
solid floors and all the pigs received piped water.

The study was carried out from March to June 2011. Visits 
were made to each unit and a single faecal sample was 
collected from each pig. The faecal samples were collected 
rectally using a gloved hand from piglets and weaners. 
Efforts were made to collect the faecal samples from the 
rectum of sows and boars and, where not possible, the 
samples were picked from the floor within 2 min – 5 min of 
being dropped. These latter samples were taken from the 
upper area of the droppings to ensure that the sample had 
not been potentially contaminated through contact with 
the floor. Faecal consistence was noted and categorised as 
either normal (hard, formed stool), pasty (pasty, unformed) 
or diarrhoeic (soft, unformed) at the time of collection. The 
samples were transported immediately to the laboratory 
in cool containers packed with ice packs, where they were 
placed in clean stool specimen containers containing 10% 
formalin. One part of stool was mixed with three parts of 10% 
formalin and fixed at room temperature for at least 1 h before 
further analysis.

A commercial immunofluorescence assay (Merifluor® 
Cryptosporidium/Giardia IFA) (Meridian Diagnostics Inc., 
Cincinnati, USA) for the detection of Cryptosporidium spp. 
and G. duodenalis was used to identify Cryptosporidium spp. 
oocysts and G. duodenalis cysts according to manufacturer’s 
instructions. (Oo)cysts were visualised using an 
immunofluorescence microscope. A sample was identified 
as positive if at least one (oo)cyst was identified 
under the microscope. 

Statistical analysis
Data were entered in an Excel spreadsheet and verified 
for accuracy before being pasted into STATA data editor. 
Statistical analysis was carried out using computer software 
STATA Version 10.1 (2007). Proportions, differences in 
infections amongst the piggeries, age groups and gender 
were determined by chi-square test and Fisher’s exact test, 
where appropriate. Data were reported as absolute values 
or as percentages. All results were considered significant at 
p < 0.05.

Ethical considerations
Permission to conduct the study in the piggery units was 
sought from the respective piggery managers. Faecal samples 
were collected by trained veterinarians adhering to the 
Zambian regulations and guidelines on animal husbandry. 

Results
Overall prevalence
A total of 217 faecal samples were collected from the three 
piggery units, comprising samples from suckling piglets 
aged 2–5 weeks (n = 32), weaned piglets aged 7 weeks – 
6 months (n = 163), gilts or sows (n = 15) and boars (n = 7) both 
aged more than 6 months. Of the total samples collected, 112 
were from female pigs and 105 from male pigs. The overall 
prevalence of Cryptosporidium spp. was 44.2% (96/217; 
confidence interval [CI] = 37.6% – 50.9%), whilst that of 
G. duodenalis was 12.0% (26/217; CI = 7.6% – 16.3%). Of all the 
pigs, 6.9% (15/217) harboured both parasites. All farms had 
at least one pig infected with either parasite.

Prevalence by farm and pig class
Prevalence amongst the three farms or locations in the 
different age groups and pig classes is indicated in Table 1. 
On all the farms, the number tested was higher for weaners 
and so was the number of positive animals. With regard 
to Cryptosporidium spp. infection, statistically significant 
differences were observed amongst the three farms (p = 0.0010). 
Between farm differences were also observed for Li and Ve 
(p = 0.0110) and between Ag and Ve (p < 0.0001) but not for Li and 
Ag (p = 0.0770). On the other hand, no significant differences 
were observed amongst the farms for G. duodenalis infection 
(p = 0.1300), as was the case for between farms; Li and Ag 
(p = 0.3100), Li and Ve (p = 0.2600). However, differences 
were observed between Ve and Ag (p = 0.0430).

The overall prevalence of Cryptosporidium spp. in the different 
pig classes was 31.3% (10/32) in piglets, 46.6% (76/163) in 
weaners, 53.3% (8/15) in sows and 28.6% (2/7) in boars. 
On the other hand, the overall prevalence of G. duodenalis 
in the pig classes was 6.3% (2/32) in piglets, 10.4% (17/163) 
in weaners, 40.0% (6/15) in sows and 14.3% (1/7) in boars. 
Significant differences were further observed amongst the 
pig classes for G. duodenalis (p = 0.0130), whilst no difference 
was observed for Cryptosporidium spp. infection (p = 0.3000).
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Prevalence by sex 
The prevalence was similar in both male pigs (41.9%; 44/105) 
and female pigs (46.4%; 52/112) for Cryptosporidium spp. 
(p = 0.50). This was also the case for G. duodenalis, with 
prevalences of 9.5% (10/105) and 14.3% (16/112) in male and 
female pigs, respectively (p = 0.28).

Association between infection and faecal 
consistency
Most of the faecal samples collected were formed and had 
a normal consistency. Only four (1.8%) of the samples 
were diarrhoeic and nine (4.2%) were pasty. Half of the 
diarrhoeic faeces contained Cryptosporidium spp. oocysts, 
but the parasites were absent in the pasty samples. Almost 
half (46.1%; 94/204) of the normally formed faeces had 
Cryptosporidium spp. parasites. The difference amongst the 
three categories was significant (p = 0.024).

Trustworthiness
The test used in the present study (Merifluor® Cryptosporidium/
Giardia) is reliable and has been used in many reported studies. 
Parasite identification, however, requires an experienced 
technician or researcher. The samples in the present study 
were analysed by an experienced researcher and verified 
independently by another. The study was conducted on a 
small scale as a result of limited funds. A larger sample size 
with more piggeries included would have helped to make 
more generalised conclusions.

Discussion
In the present study, the prevalence of Cryptosporidium spp. 
and G. duodenalis was determined for three university farms 
in Zambia. This is the first report of the two protozoan parasites 
in Zambian pigs. The overall prevalence of Cryptosporidium spp. 
was 44.2%, a result that is significantly higher than what has 

been reported elsewhere. For example, Olson et al. (1997) 
reported a prevalence of 11.0% from 236 Canadian pigs, 
whilst Fiuza et al. (2011) reported a prevalence of 2.2% from 
91 pigs in Rio de Janeiro, Brazil. In addition, Kváč et al. (2009) 
reported a prevalence of 21.1% from 413 samples in the 
Czech Republic, whilst in Spain, Quílez et al. (1996) reported 
a prevalence of 21.9% from 620 pigs. Comparable results 
for Cryptosporidium spp. have, however, been reported in 
pig manure from different farms in Canada in which 44.3% 
of the samples were positive for Cryptosporidium spp. and 
50.8% had G. duodenalis parasites (Farzan et al. 2011); the 
G. duodenalis percentage being much higher than what we 
report in the present study. 

The overall prevalence of G. duodenalis in the present study 
was 12%. Our results are in agreement with those reported 
by Olson et al. (1997) in which they found a prevalence 
of 9% in pigs from Canadian farms and that by Xiao et al. 
(1994) (7%) from pigs in Ohio, USA. Nevertheless, higher 
prevalence rates (44%) have been reported elsewhere 
(Koudela et al. 1991). The differences in the prevalence of 
both Cryptosporidium spp. and G. duodenalis in the present 
study and that from other studies highlighted above can be 
attributed to differences in sample sizes, as well as sample 
processing and detection methods.

The results in the present study are reported with caution. The 
prevalences for both Cryptosporidium spp. and G. duodenalis 
are probably underestimated because only one sample 
was collected and tested. It has been shown that parasite 
excretion can be intermittent (Buret et al. 1990) and therefore 
it is suggested that three samples be collected consecutively 
and tested (Van Gool et al. 2003). The triple sample collection 
was not conducted in the present study because of limited 
resources.

In all the three piggeries, prevalence of Cryptosporidium spp. 
was higher than that of G. duodenalis for all pig classes. The 
prevalence was higher in weaners than in any other pig class 

TABLE 1: Prevalence of Cryptosporidium spp. and Giardia duodenalis arranged by pig class, sampled from three piggeries in Lusaka, Zambia over the study period from 
March to June 2011.

Farm Pig class Number tested Cryptosporidium spp. Giardia duodenalis

Number + ve† % 95% CI‡ Number + ve† % 95% CI‡
Ag Piglets 2 2 - - 0 - -

Weaners 26 18 - - 5 - -

Gilts or sows 3 2 - - 1 - -

Boars 4 2 - - 1 - -

Subtotal  - 35 24 68.6 52.4–84.8 7 20.0 6.1–33.9

Li Piglets 8 2 - - 1 - -

Weaners 103 46 - - 10 - -

Gilts or sows 7 5 - - 4 - -

Boars 2 0 - - 0 - -

Subtotal  - 120 53 44.2 35.2–53.2 15 12.5 6.5–18.5

Ve Piglets 22 6 - - 1 - -

Weaners 34 12 - - 2 - -

Gilts or sows 5 1 - - 1 - -

Boars 1 0 - - 0 - -

Subtotal - 62 19 30.6 18.8–42.4 4 6.5 0.2–12.7

Total All 217 96 44.2 37.6–50.9 26 12.0 7.6–16.3

Ag, School of Agricultural Sciences piggery unit; Li, Liempe farm piggery unit; Ve, School of Veterinary Medicine piggery unit.
†, Number of animals positive for Cryptosporidium spp. or Giardia duodenalis.
‡, 95% Confidence Interval.
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for both parasites, but significant differences amongst the 
three units was only observed for G. duodenalis. This finding 
of higher infection rates in weaners corroborates reports by 
other authors (Maddox-Hyttel et al. 2006; Quílez et al. 1996) in 
which they found pigs aged one to six months to be infected 
with Cryptosporidium spp., an indication that infection is more 
common in younger animals. Establishment of infection is 
reported to be delayed until weaning (Quílez et al. 1996). 
However, Olson et al. (1997) reported higher prevalence in 
animals older than six months compared to younger animals.

Of the infected pigs, 98% were asymptomatic, whilst only 
two were symptomatic. This is in agreement with previous 
reports that indicated largely asymptomatic infections in 
most pigs (Quílez et al. 1996; Ramirez et al. 2004) for both 
Cryptosporidium spp. and G. duodenalis.

Conclusion
The present study has demonstrated that Cryptosporidium spp. 
and G. duodenalis are prevalent in pigs and most infections 
are asymptomatic. These pigs may act as a source of 
infection for humans through direct contact with faeces 
and faecal contaminated materials. It is therefore important 
that control measures be considered and put in place to 
prevent such infections. Further studies are warranted to 
determine the infection status of other pigs in other areas of 
the country, including free range pigs which are common in 
rural areas. 

Acknowledgements
The authors are grateful to the piggery managers for agreeing 
to participate in the study. Mr Bright Chulu is also thanked 
for his technical support.

Competing interests
The authors declare that they have no financial or personal 
relationship(s) which may have inappropriately influenced 
them in writing this paper.

Authors’ contributions
J.S. (University of Zambia) and K.E.M. (University of 
Zambia) were responsible for the design of the study and 
the sample collection. J.S. (University of Zambia) performed 
the laboratory analysis of the samples and the statistical 
analysis of data. J.S. (University of Zambia) wrote the first 
draft of the manuscript. J.S. (University of Zambia) and 
K.E.M. (University of Zambia) wrote subsequent drafts of 
the manuscript.

References
Buret, A.G., DenHollander, N., Wallis, P.M., Befus, D. & Olson, M.E., 1990, ‘Zoonotic 

potential of giardiasis in domestic ruminants’, Journal of Infectious Diseases 162, 
231–238. http://dx.doi.org/10.1093/infdis/162.1.231, PMid:2355197

Caccio, S.M., Thompson, R.C.A., McLauchlin, J. & Smith, H.V., 2005, ‘Unraveling 
Cryptosporidium and Giardia epidemiology’, Trends in Parasitology 21, 430–437. 
http://dx.doi.org/10.1016/j.pt.2005.06.013, PMid:16046184

Castro-Hermida, J.A., Delafosse, A., Pors, I., Ares-Mazás, E. & Chartier, C., 2005, 
‘Giardia duodenalis and Cryptosporidium parvum infections in adult goats 
and their implications for neonatal kids’, Veterinary Record 157, 623–627. 
PMid:16284331

De Graaf, D.C., Vanopdenbosch, E., Ortegia-Mora, L.M., Abbasi, H. & Peeters, 
J.E., 1999, ‘A review of the importance of cryptosporidiosis in farm animals’, 
International Journal of Parasitology 29, 1269–1287. http://dx.doi.org/10.1016/
S0020-7519(99)00076-4

Enemark, H.L., Ahrens, P., Juel, C.D., Peterson, E., Peterson, R.F., Anderson, J.S. et al., 
2002, ‘Molecular characterization of Danish Cryptosporidium parvum isolates’, 
Parasitology 15, 331–341.

Enemark, H.L., Bille-Hansen, V., Lind, P., Heegaard, P.M., Vigre, H., Ahrens, P. et 
al., 2003, ‘Pathogenicity of Cryptosporidium parvum – Evaluation of an animal 
infection model’, Veterinary Parasitology 113, 35–57. http://dx.doi.org/10.1016/
S0304-4017(03)00034-7

Farzan, A., Parrington, L., Coklin, T., Cook, A., Pintar, K., Polari, F. et al., 2011, ‘Detection 
and characterisation of Giardia duodenalis and Cryptosporidium spp. on swine 
farms in Ontario, Canada’, Foodborne Pathogens and Disease 8, 1207–1213. 
http://dx.doi.org/10.1089/fpd.2011.0907, PMid:21675863

Fayer, R., 2004, ‘Cryptosporidium: A waterborne zoonotic parasite’, Veterinary 
Parasitology 126, 37–56. http://dx.doi.org/10.1016/j.vetpar.2004.09.004, 
PMid:15567578

Fayer, R., Gasbarre, L., Pasquali, P., Canals, A., Almeria, S. & Zarlenga, D., 1998, 
‘Cryptosporidium parvum infection in bovine neonatal calves: Dynamic, parasitic 
and immunologic patterns’, International Journal of Parasitology 28, 49–56. 
http://dx.doi.org/10.1016/S0020-7519(97)00170-7

Feng, Y. & Xiao, L., 2011, ‘Zoonotic potential and molecular epidemiology of Giardia 
species and giardiasis’, Clinical Microbiology Reviews 24, 110–140. http://dx.doi.
org/10.1128/CMR.00033-10, PMid:21233509

Fiuza, V.R.S., Gallo, S.S.M., Frazao-Teixeira, E., Santin, M., Fayer, R. & Oliveira, F.C.R., 
2011, ‘Cryptosporidium pig genotype II diagnosed in pigs from the state of Rio De 
Janeiro, Brazil’, Journal of Parasitology 97, 146–147. http://dx.doi.org/10.1645/
GE-2479.1, PMid:21348623

Geurden, T., Claerebout, E., Dursin, L., Deflandre, A., Bernay, F., Kaltsatos, V. et 
al., 2006, ‘The efficacy of an oral treatment with paromomycin against an 
experimental infection with Giardia in calves’, Veterinary Parasitology 135, 241–
247. http://dx.doi.org/10.1016/j.vetpar.2005.09.006, PMid:16256274

Graczyk, T.K., Fayer, R. & Cranfield, M.R., 1997, ‘Zoonotic potential of cross 
transmission of Cryptosporidium parvum: Implications for waterborne 
cryptosporidiosis’, Parasitology Today 13, 348–351. http://dx.doi.org/10.1016/
S0169-4758(97)01076-4

Koudela, B., Nohynkova, E., Vitovec, J., Pakandl, M. & Kulda, J., 1991, ‘Giardia 
infections in pigs: Detection and in vitro isolation if trophozoites of the Giardia 
intestinalis group’, Parasitology 102, 163–166. http://dx.doi.org/10.1017/
S0031182000062442

Kváč, M., Hanzlíková, D., Saka, B. & Květoňová, D., 2009, ‘Prevalence and age-related 
infection of Cryptosporidium suis, C. muris and Cryptosporidium pig genotype II 
in pigs on a farm complex in the Czech Republic’, Veterinary Parasitology 160, 
319–322. http://dx.doi.org/10.1016/j.vetpar.2008.11.007, PMid:19091471

Langkjaer, R.B., Vigre, H., Enemark, H.L. & Maddox-Hyttel, C., 2007, ‘Molecular and 
phylogenetic characterisation of Cryptosporidium and Giardia from pigs and 
cattle in Denmark’, Parasitology 134, 339–350. http://dx.doi.org/10.1017/
S0031182006001533, PMid:17076923

Maddox-Hyttel, C., Langkjaer, R.B., Enemark, H.L. & Vigre, H., 2006, ‘Cryptosporidium 
and Giardia in different age groups of Danish cattle and pigs – Occurrence and 
management of associated risk factors’, Veterinary Parasitology 141, 48–59. 
http://dx.doi.org/10.1016/j.vetpar.2006.04.032, PMid:16797848

Monis, P.T. & Thompson, R.C.A., 2003, ‘Cryptosporidium and Giardia-zoonoses: Fact or 
fiction?’, Infection Genetics and Evolution 3, 233–244. http://dx.doi.org/10.1016/j.
meegid.2003.08.003, PMid:14636685

O’Handley, R.M., Cockwill, C., McAllister, T.A., Jelinski, M.D., Morck, D.W. & Olson, 
M.E., 1999, ‘Duration of naturally acquired giardiosis and cryptosporidiosis in 
dairy calves and their association with diarrhoea’, Journal of American Veterinary 
Medical Association 214, 391–396. PMid:10023403

Olson, M.E., Thorlakson, C.L., Deselliers, L., Morck, D.W. & McAllister, T.A., 1997, 
‘Giardia and Cryptosporidium in Canadian farm animals’, Veterinary Parasitology 
68, 375–381. http://dx.doi.org/10.1016/S0304-4017(96)01072-2

Preiser, G., Preiser, L. & Madeo, L., 2003, ‘An outbreak of cryptosporidiosis among 
veterinary students who work with calves’, Journal of American College Health 
51, 213–215. http://dx.doi.org/10.1080/07448480309596353, PMid:12822713

Quílez, J., Sánchez-Acedo, C., Clavel, A., Del Cacho, E. & López-Bernad, F., 1996, 
‘Prevalence of Cryptosporidium infections in pigs in Aragón (northeastern Spain)’, 
Veterinary Parasitology 67, 83–88. PMid:9011017

Ramirez, N.E., Ward, L.A. & Sreevatsan, S., 2004, ‘A review of the biology and 
epidemiology of cryptosporidiosis in humans and animals’, Microbes and Infection 
6, 773–785. http://dx.doi.org/10.1016/j.micinf.2004.02.021, PMid:15207825

Robertson, I.D., Irwin, P.J., Lymbery, A.J. & Thompson, R.C.A., 2000, ‘The role of 
companion animals in the emergence of parasitic zoonoses’, International 
Journal of Parasitology 30, 1369–1377. http://dx.doi.org/10.1016/S0020-
7519(00)00134-X

Rotkiewicz, T., Rotkiewicz, Z., Depta, A. & Kander, M., 2001, ‘Effect of Lactobacillus 
acidophilus and Bifidobacterium sp. on the course of Cryptosporidium parvum 
invasion in new-born piglets’, Bulletin of the Veterinary Institute in Pulawy 45, 
187–195.

http://dx.doi.org/10.1093/infdis/162.1.231
http://dx.doi.org/10.1016/j.pt.2005.06.013
http://dx.doi.org/10.1016/S0020-7519%2899%2900076-4
http://dx.doi.org/10.1016/S0020-7519%2899%2900076-4
http://dx.doi.org/10.1016/S0304-4017%2803%2900034-7
http://dx.doi.org/10.1016/S0304-4017%2803%2900034-7
http://dx.doi.org/10.1089/fpd.2011.0907
http://dx.doi.org/10.1016/j.vetpar.2004.09.004
http://dx.doi.org/10.1016/S0020-7519%2897%2900170-7
http://dx.doi.org/10.1128/CMR.00033-10
http://dx.doi.org/10.1128/CMR.00033-10
http://dx.doi.org/10.1645/GE-2479.1
http://dx.doi.org/10.1645/GE-2479.1
http://dx.doi.org/10.1016/j.vetpar.2005.09.006
http://dx.doi.org/10.1016/S0169-4758%2897%2901076-4
http://dx.doi.org/10.1016/S0169-4758%2897%2901076-4
http://dx.doi.org/10.1017/S0031182000062442
http://dx.doi.org/10.1017/S0031182000062442
http://dx.doi.org/10.1016/j.vetpar.2008.11.007
http://dx.doi.org/10.1017/S0031182006001533
http://dx.doi.org/10.1017/S0031182006001533
http://dx.doi.org/10.1016/j.vetpar.2006.04.032
http://dx.doi.org/10.1016/j.meegid.2003.08.003
http://dx.doi.org/10.1016/j.meegid.2003.08.003
http://dx.doi.org/10.1016/S0304-4017%2896%2901072-2
http://dx.doi.org/10.1080/07448480309596353
http://dx.doi.org/10.1016/j.micinf.2004.02.021
http://dx.doi.org/10.1016/S0020-7519%2800%2900134-X
http://dx.doi.org/10.1016/S0020-7519%2800%2900134-X


Original Research

doi:10.4102/ojvr.v79i1.404http://www.ojvr.org

Page 5 of 5

Smith, H.V., Caccio, S.M., Tait, A. & McLauchlin, J., 2006, ‘Tools for investigating the 
environmental transmission of Cryptosporidium and Giardia infections in humans’, 
Trends in Parasitology 22, 160–167. http://dx.doi.org/10.1016/j.pt.2006.02.009, 
PMid:16503418

STATA version 10.1, 2007, computer software, StataCorp, College Station.

Thompson, R.C.A., 2000, ‘Giardiasis as a re-emerging infectious disease and its 
zoonotic potential’, International Journal of Parasitology 30, 1259–1267. http://
dx.doi.org/10.1016/S0020-7519(00)00127-2

Thompson, R.C.A., 2004, ‘The zoonotic significance and molecular epidemiology 
of Giardia and giardiasis’, Veterinary Parasitology 126, 15–35. http://dx.doi.
org/10.1016/j.vetpar.2004.09.008, PMid:15567577

Van Gool, T., Weijts, R., Lommerse, E. & Mank, T.G., 2003, ‘Triple faeces test: An 
effective tool for detection of intestinal parasites in routine clinical practice’, 
European Journal of Clinical Microbiology and Infectious Diseases 22, 284–290. 
PMid:12736794

Xiao, L., 1994, ‘Giardia infection in farm animals’, Parasitology Today 10, 436–438. 
http://dx.doi.org/10.1016/0169-4758(94)90178-3

Xiao, L. & Fayer, R., 2008, ‘Molecular characterization of species and genotypes 
of Cryptosporidium and Giardia and assessment of zoonotic transmission’, 
International Journal for Parasitology 38, 1239–1255. http://dx.doi.org/10.1016/j.
ijpara.2008.03.006, PMid:18479685

Xiao, L. & Herd, R.P., 1994, ‘Infection patterns of Cryptosporidium and Giardia in 
calves’, Veterinary Parasitology 55, 257–262. http://dx.doi.org/10.1016/0304-
4017(93)00645-F

Xiao, L., Fayer, R., Ryan, U. & Upton, S.J., 2004, ‘Cryptosporidium taxonomy: Recent 
advances and implications for public health’, Clinical Microbiology Reviews 17, 
72–97. http://dx.doi.org/10.1128/CMR.17.1.72-97.2004, PMid:14726456

Xiao, L., Herd, R.P. & Bowman, G.L., 1994, ‘Prevalence of Cryptosporidium and Giardia 
infections on two Ohio pig farms with different management systems’, Veterinary 
Parasitology 52, 331–336. http://dx.doi.org/10.1016/0304-4017(94)90124-4

Xiao, L., Herd, R.P. & Rings, D.M., 1993, ‘Diagnosis of Cryptosporidium on a sheep farm 
with neonatal diarrhoea by immunofluorescence assays’, Veterinary Parasitology 
47, 17–23. http://dx.doi.org/10.1016/0304-4017(93)90172-J

http://dx.doi.org/10.1016/j.pt.2006.02.009
http://dx.doi.org/10.1016/S0020-7519%2800%2900127-2
http://dx.doi.org/10.1016/S0020-7519%2800%2900127-2
http://dx.doi.org/10.1016/j.vetpar.2004.09.008
http://dx.doi.org/10.1016/j.vetpar.2004.09.008
http://dx.doi.org/10.1016/0169-4758%2894%2990178-3
http://dx.doi.org/10.1016/j.ijpara.2008.03.006
http://dx.doi.org/10.1016/j.ijpara.2008.03.006
http://dx.doi.org/10.1016/0304-4017%2893%2900645-F
http://dx.doi.org/10.1016/0304-4017%2893%2900645-F
http://dx.doi.org/10.1128/CMR.17.1.72-97.2004
http://dx.doi.org/10.1016/0304-4017%2894%2990124-4
http://dx.doi.org/10.1016/0304-4017%2893%2990172-J

