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Cryptosporidiosis in pigs is caused by different Cryptosporidium species or genotypes, with C. suis and C. scro-
farum considered porcine specific species. There is scarce information on Cryptosporidium infection in pigs in
South America. A total of 520 individual faecal samples were obtained from 1, 2, 3 and 4 week old piglets

l;iglms (n = 130 from each age group), from 13 Argentinean intensive pig farms. The diagnosis of species of
M(i)cczsstio Cryptosporidium combined microscopy and molecular techniques. Genotyping from samples with Cryptosporidium
Nested Pg oocysts at microscopy was performed by genus-specific and species-specific nested PCR targeting 18S rRNA gene

fragments, and sequencing. Microscopic analysis detected Cryptosporidium oocysts in 47/520 (9%) faecal sam-
ples from 11/13 (85%) farms, with farm infection rates between 0 and 17.5%. Presence of Cryptosporidium
oocysts was associated with diarrhea. The proportion of microscopically positive samples was not associated
with piglet age. A total of 15/47 (32% of samples with oocyst compatible structures) were positive by genus and
species-specific nested PCR. Species-specific PCR and sequencing showed presence of C. suis, C. scrofarum, and
both species in 3, 8 and 4 samples, respectively. The proportion of positive samples on each specific PCR was
similar between age groups, being C. suis proportion slightly higher in 4 week old piglets. The use of molecular
tools allowed the confirmation of C. suis and C. scrofarum infection in Argentinean pigs. Cryptosporidiosis was
widely distributed in the main pig husbandry area from Argentina, with a low to moderate intra farm infection

rate.

1. Introduction

The intracellular parasites of the genus Cryptosporidium infect a
wide variety of vertebrate hosts (fish, amphibians, reptiles, birds and
mammals) including humans (Fayer, 2010). These apicomplexan pro-
tozoans have an important impact on animal and human health, pro-
ducing waterborne outbreaks and causing asymptomatic to severe in-
testinal infections (Némejc et al., 2013; Dellarupe et al., 2016).

Cryptosporidiosis can cause significant neonatal morbidity and
productive loses in farmed livestock. Cryptosporidiosis in pigs has been
reported worldwide with infection rates ranging between 0 and 87.5%
(Kvac et al., 2009; Jenikova et al., 2011). Clinical signs due to natural
cryptosporidiosis in pigs are infrequent; however, experimental infec-
tions show a wide range of responses from subclinical to severe clinical
manifestations, such as diarrhea, vomiting and anorexia (Tzipori et al.,
1982). Pigs can be infected by different Cryptosporidium species or
genotypes (Cryptosporidium parvum, C. muris, C. tyzzeri and others),

however, most of these species or genotypes occurred infrequently
(Morgan et al., 1999; Ryan et al., 2003, 2004). Two porcine specific
species have been described: C. suis and C. scrofarum. Cryptosporidium
suis infects all age categories, being detected more frequently in pigs
younger than 5 weeks old (Ryan et al., 2004), whereas C. scrofarum
infections occur mostly in weaned piglets, older than 4 weeks of age
(Jenikovéa et al., 2011; Nguyen et al., 2012; Kvac et al., 2009; Kvac
et al., 2013). Even though both C. suis and C. scrofarum species have
been identified in human infections, C. suis was reported mostly af-
fecting patients with previous immunosuppressive diseases (Xiao et al.,
2002; Wang et al., 2013) as well as concomitant digestive tract diseases
(Leoni et al., 2006; Bodager et al., 2014). Conversely, there is only one
report of C. scrofarum infection in an immunocompetent patient with a
clinical history of diarrhea (Kvac et al., 2013).

There is scarce information about Cryptosporidium infection in do-
mestic pigs in South America and its potential productive and zoonotic
implications. The aim of this study was to identify and characterize the
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Farm/Department

’I .
® 1/Carluelas
® 2/San Andrés de Giles

3/Gral. Alvarado
@® 4/Coronel Dorrego
® 5/Marcos Juarez
@ 6/Rio Seco
@ 7/Marcos Juarez
® 8/Gral. Lépez
® 9/Caseros
10/San Martin
11/Victoria
® 12/ Maracé
@® 13/Guarani

Fig. 1. Sampled pig farms location. Argentina map.
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Table 1

Distribution of Cryptosporidium prevalence by staining-microscopy and mole-
cular diagnosis for each sampled farm and piglets age in relation with average
of diarrheic samples.

Farm Diarrhea Farm prevalence Age (week)

% (n/40) MIC % (n/40) PCR  Prevalence MIC/PCR % (n/10)
% (n/40)
1 2 3 4

1 60 17.5 5 0/0 20/0 40/10  10/10
2 40 0 0 ND ND ND ND
3 40 0 0 ND ND ND ND
4 80 5 0 20/0 0/0 0/0 0/0
5 62.5 10 7.5 0/0 10/0 0/0 30/30
6 47.5 7.5 0 0/0 20/0 10/0 0/0
7 50 7.5 0 0/0 10/0 20/0 0/0
8 57.5 15 2.5 20/0 0/0 0/0 40/10
9 60 15 12.5 20/10  20/10 20/20 0/0
10 55 15 5 30/20 30/0 0/0 0/0
11 70 15 2.5 20/10  30/0 0/0 10/0
12 27.5 2.5 0 0/0 0/0 0/0 10/0
13 72.5 7.5 5 10/10  10/10 0/0 10/0
Total 55.6 (289/ 9 (47/ 2915/ 9.2/3.8 11.5/1.5 6.9/2.3 8.5/3.8

520) 520) 520)

MIC = staining and microscopy. PCR = molecular diagnosis (species-specific
nPCR). ND = not determined. Note: the total prevalence in regard to age was
calculated over n = 130 (total samples from each category).

infection with Cryptosporidium spp. in domestic suckling and recently
weaned piglets from Argentina.

2. Materials and methods
2.1. Sample collection and examination

Individual faecal samples (n = 520) were randomly obtained from
13 pig farms under the intensive breeding system. Farms were selected
without previous knowledge of parasitological status, and all of them
were located in the most important geographical area of pig husbandry
under intensive management systems in Argentina (Fig. 1). One
(n = 130), 2 (n = 130) and 3 (n = 130) week old suckling piglets, and
4 week old recently weaned piglets (n = 130) were sampled. Ten
samples were collected from each age group in each farm (n = 40).
Samples were collected from the floor immediately after deposition into
individually labelled nylon bags and stored at 4 °C until analysis in the
laboratory. Faeces were classified as normal (faeces maintained the
original shape), or diarrheal (faeces took the form of the container)
(Némejc et al., 2013). Samples were concentrated by sedimentation-
flotation technique as previously described for other protozoan oocysts
(Schares et al., 2005) and stained by modified Ziehl-Neelsen technique
according to Henriksen and Pohlenz (1981). Samples with 4-5 pum
diameter oocysts observed in a light microscope at 1000 X magnifica-
tion were identified as positive for Cryptosporidium spp. Aliquots from
concentrated material were preserved in 1.5 ml DNase free microtubes
at —20 °C until PCR analysis.

2.2. DNA extraction, PCR and sequencing

DNA was extracted from ~250 pl concentrated faecal samples with
Cryptosporidium spp. oocyst compatible structures at microscopy, using
the ZR faecal DNA kit following the manufacturer's instructions (Zymo,
USA). The purified DNA samples were stored at —20 °C until PCR
amplification.

Cryptosporidium spp. DNA amplification was performed by nested
PCR (nPCR) which amplified fragments of the 18S rRNA gene. First, a
set of genus-specific primers were used for the primary nPCR protocol
(Xiao et al., 2001; Jiang et al., 2005). Positive samples on the genus-
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specific PCR were subjected to a second nPCR to identify C. suis and C.
scrofarum with species-specific primers (Jenikova et al., 2011). The PCR
products were analysed on 1.5% agarose gel and stained with SYBR safe
(Invitrogen, USA). The amplicons obtained were purified with Wizard
SV Gel and PCR Clean-Up System (Promega, USA) and submitted for
sequencing (http://dna.macrogen.com) in both senses, with the primers
used for each specific nPCR. Nucleotide sequences were aligned and
edited with GENEIOUS software (R9 version). Consensus sequences
obtained were compared with others available in GenBank by Mega-
Blast analysis from NCBI (htpps://blastn.ncbi.nlm.nih.gov).

2.3. Statistical analysis

Statistical analysis was performed using WinEpi 1.0, software for
Windows, with 95% confidence intervals (CI) and probability level
(p < 0.05). The general Cryptosporidium infection rate as well as the
intra farm infection rate was calculated. Chi-square test was used to
determine the association between samples with Cryptosporidium oocyst
and presence of diarrhea. The differences among proportions (age
/microscopy positive samples; age /species-specific nPCR positive
samples) were calculated by Chi-square test (differences among per-
centages).

3. Results

A total of 47/520 (9%, CI95% 6.57% -11.50%) faecal samples
showed Cryptosporidium oocysts by Ziehl-Neelsen staining.
Cryptosporidium spp. positive samples were detected in 85% (11/13) of
farms. The infection rate within farms was between 0 and 17.5%
(CI95% 0.00% - 29.28%). A total of 289/520 (55.57%) samples were
diarrheal stools (Table 1). Of the 47 samples that were positive for
microscopy, 33 were diarrheic stools (70.21%). The presence of Cryp-
tosporidium oocysts was associated with diarrhea (p = 0.0342). Cryp-
tosporidium oocysts were detected in piglets from all age groups. Twelve
(9.23%), 15 (11.53%), 9 (6.92%) and 11 samples (8.46%) were positive
in 1, 2, 3 and 4 week old piglets, respectively. The proportion of mi-
croscopy and PCR positive samples was not associated with age
(p > 0.05).

Genus specific nPCR allowed the detection of Cryptosporidium DNA
in 15/47 samples (32% of samples with oocyst compatible structures).
The 15 samples (10 suckling and 5 recently weaned piglets) were po-
sitive by species-specific nPCRs: 3 were positive for C. suis (~ 482 bp
amplicon), 8 samples were positive for C. scrofarum (~ 443 bp am-
plicon) and 4 were positive for both Cryptosporidium species and iden-
tified as mixed infections. The prevalence of Cryptosporidium spp. by
staining-microscopy and nPCR for each sampled farm and piglets' age,
in relation with average of diarrheic samples by farm is shown in
Table 1. A total of 17 purified products (with a gel estimated con-
centration higher than 40 ng) from the 15 positive faecal samples were
submitted for sequencing. The positive PCRs and sequencing results
concerning the region and piglets' age are shown in Table 2. A total of
13 sequences were obtained; 4 samples failed or had low-quality se-
quencing results. Five consensus sequences were 100% identical among
them and revealed 100% identity with C. suis sequences reported in
GenBank. Eight sequences evidenced 99.70-100% identity among them
and 99.77-100% sequence identity with C. scrofarum sequences re-
ported in GenBank. All the sequences identified as C. suis had a se-
quence identity of 91.17-96.32% with C. scrofarum sequences.

The species-specific PCRs allowed to confirm Cryptosporidium in-
fection in 3.8% of 1-week old (0.76% C. suis and 3.07% C. scrofarum),
1.53% in 2 week old (1.53% C. scrofarum), 2.3% in 3 week old (1.53%
C. suis and 2.3% C. scrofarum) and 3.84% in 4 week old piglets (3.07%
C. suis and 2.3% C. scrofarum). The proportion of positive samples on
each specific nPCR was similar among piglet age groups, being C. suis
proportion slightly higher in the recently weaned piglets (p= 0.05).


http://dna.macrogen.com
http://blastn.ncbi.nlm.nih.gov
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Table 2
Specific nPCRs and sequencing results in regard to piglets age and location.
Farm/Sample ID Age (weeks) Province/Department Specific nPCR Sequencing GenBank
BLAST identity (#) ID
11/259 1 Entre Rios/Victoria C. suis 100% C. suis MT124675
13/214 1 Misiones/Guaran{ C. scrofarum ND
9/510 1 Santa Fé/Caseros C. scrofarum 100% C. scrofarum MT124670
10/547 1 Santa Fé/San Martin C. scrofarum ND
10/554 1 Santa Fé/San Martin C. scrofarum 100% C. scrofarum MT124672
13/221 2 Misiones/Guarani C. scrofarum 100% C. scrofarum MT124669
9/526 2 Santa Fé/Caseros C. scrofarum 100% C. scrofarum MT124671
9/534 3 Santa Fé/Caseros C. scrofarum ND
1/107 3 Buenos Aires/Caiiuelas C. suis ND
C. scrofarum 100% C. scrofarum MT124665
9/528 3 Santa Fé/Caseros C. scrofarum 100%C. scrofarum MT124667
C. suis 100% C. suis MT124674
1/365 4 Buenos Aires/Caiiuelas C. suis 100% C. suis MT124676
5/506 4 Cérdoba/Marcos Juarez C. suis 100% C. suis MT124677
8/177 4 Santa Fé/Gral. Lépez C. scrofarum 100% C. scrofarum MT124668
5/503 4 Cérdoba/Marcos Juarez C. suis ND
C. scrofarum ND
5/504 4 Cérdoba/Marcos Juarez C. scrofarum 99.77% C. scrofarum MT124666
C. suis 100% C. suis MT124673

(#) Reference sequences on BLASTn comparison (GenBank accession numbers): C. scrofarum (JX424840, KP704557, MG516763) and C. suis

(JF710255, KT22302, AF108861). ND = no data.
4. Discussion

Cryptosporidium infection has been found in pigs in several countries
in all age categories. In the present study, Cryptosporidium infection rate
was 9% (6.57%-11.50%) by staining and microscopy from con-
centrated faecal material. This result was similar to previous reports
from Czech Republic (Némejc et al., 2013) and Slovakia (Danisova
et al., 2016). Worldwide, the Cryptosporidium prevalence on farm level
varies widely between 1 and 100% (Ryan et al., 2003; Suarez-Luengas
et al., 2007; Zheng et al., 2019). These differences may be due to many
factors such as age/category, the diagnostic techniques applied and the
different management systems and practices.

This study was carried out on intensive swine housing system farms,
with slatted floor, where the slurry is collected to minimize contact with
the pigs. Most sampled farms (85%) resulted positive by microscopic
diagnosis, whereas Cryptosporidium infection rates on the farm level
were 0-17.5%. This range was slightly higher than that obtained in a
study on farms in China (Zheng et al., 2019), but lower than in the
Czech Republic (Némejc et al., 2013). Both mentioned studies were also
performed in farms with an intensive breeding system, however, in
addition to the suckling and nursery categories, they included older
pigs.

The relationship of Cryptosporidium infection in pigs with the out-
come of clinical signs is controversial. On one hand, previous studies
described anorexia and voluminous watery diarrhea in pre-weaned
piglets experimentally infected with C. suis (Enemark et al., 2003).
Misic et al. (2003) observed diarrhea in all Cryptosporidium positive
nursing piglets; furthermore, Nguyen et al. (2012) reported the asso-
ciation between the occurrence of diarrhea and the level of Cryptos-
poridium oocyst excretion. On the other hand, Jenikova et al. (2011)
and Némejc et al. (2013) found no diarrhea in pigs naturally infected
with both pig-specific species. In our study, the presence of diarrhea
was associated with the Cryptosporidium positive result by microscopy.
However, not all the Cryptosporidium positive pigs showed diarrheic
faeces, suggesting different infection susceptibility among individuals.
In addition, the proportion of diarrheal samples in the sampled piglet
population was high (around 55%), and since other agents associated
with diarrhea in piglets were not evaluated, the potential synergy could
not be assessed and ruled out.

The distribution of Cryptosporidium infection rates in different pig
age/categories are not fully understood. The highest risk of infection

and developing clinical signs have been associated with weaning, an
immune and dietary critical step for piglets (Thompson et al., 1996).
Nguyen et al. (2012) reported that suckling piglets are at the highest
risk for Cryptosporidium infection followed by weaned piglets, sows and
finishing pigs. Némejc et al. (2013) identified a peak of infection in pre-
weaned piglets (up to 5 weeks old). However, Yui et al. (2014) and
Zheng et al. (2019) among others, observed the highest rates of Cryp-
tosporidium infection in weaned piglets (4 to 8 weeks old). In this study,
we detected Cryptosporidium oocysts in samples from all age groups (1
to 4 weeks old), without differences in the proportion of positive
samples among age groups. The age distribution of Cryptosporidium
infection in different farms may be related to several factors, including
different weaning time, dietary changes, as well as the health status and
possible concomitant diseases (Enemark et al., 2003; Zheng et al.,
2019). Our results suggest a constantly low level of exposure to Cryp-
tosporidium in suckling piglets from intensive management farms in
Argentina.

Of the 47 Cryptosporidium positive samples identified by micro-
scopy, only 15 resulted positive by genus and species-specific nPCRs. It
has been suggested that the oocyst burden in a sample could influence
the PCR results as well as the DNA extraction technique (Xiao et al.,
2001). In the present study, a faecal concentration technique was ap-
plied to increase the oocyst number on the DNA extraction sample
(Schares et al., 2005), and a previously established DNA extraction
technique for Apicomplexan protozoan oocysts, with efficient control
for inhibitors, was used (Herrmann et al., 2011). It is known that no
staining method is completely effective for the detection of Cryptos-
poridium oocysts in stool samples, however, the modified Ziehl-Neelsen
technique is still one of the most used in laboratories due to its low cost
and relative simplicity (Casemore et al., 1985; Uppal et al., 2014). Due
to the low specificity of acid-fast staining and microscopy, presence of
other similar protozoans producing Cryptosporidium oocyst-like struc-
tures in some samples (Aghamolaie et al., 2016) cannot be ruled out,
and could partly explain the poor agreement between the microscopy
and the nPCR.

Many studies have shown that pigs are naturally and frequently
infected with C. suis and C. scrofarum which are considered pig adapted
species (Ryan et al., 2004; Kvac et al., 2013). However, other Cryptos-
poridium species were also identified in pigs with lower prevalence and
sometimes as mixed infections (Morgan et al., 1999). Also, several
studies identified an age-specific distribution of Cryptosporidium spp. in
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pigs, where C. suis was more prevalent and predominantly detected in
pre-weaned piglets, while C. scrofarum was only detected in weaned
piglets and older age categories (Sudrez-Luengas et al., 2007; Jenikova
et al., 2011; Kvéac et al., 2009, 2013; Némejc et al., 2013; Zheng et al.,
2019). Nevertheless, Kvac et al. (2013) reported that pigs infected with
C. scrofarum start to shed oocysts in the range of 6-7 days post-infec-
tion. In accordance with previous reports, we detected only pig-adapted
Cryptosporidium spp. as follows: C. suis in 3 samples, C. scrofarum in 8
samples and C. suis/C. scrofarum mixed infection in 4 samples. Although
we found a slightly higher proportion of C. suis in recently weaned
piglets, both C. suis and C. scrofarum species were identified in piglets
from all age groups. Similar results were published by Wang et al.
(2010) and Danisova et al. (2016) as they detected at least 1 sample
positive for C. scrofarum in piglets younger than 1 month. Our results
showed a greater distribution of C. scrofarum being detected in all age
categories and with higher frequency than C. suis.

Cama et al. (2006) reported that conventional genus-specific nPCR
sequencing is a limited method for identification of Cryptosporidium
mixed infection because the dominant species or genotype in the
samples becomes preferentially amplified. In this study, we used genus-
specific nPCR as screening, followed by two nPCRs using the species-
specific primers designed by Jenikova et al. (2011). Using this ap-
proach, we were able to identify mixed infections in 4 samples. Inter-
estingly, these mixed infections appear only in 3 and 4 week old piglets,
suggesting an increased risk of infection with different species along
with age. Further studies with a higher sample number are required to
confirm this observation. All genus-specific nPCR positive samples were
also positive in at least one specific nPCR. Nevertheless, the presence of
other concomitant Cryptosporidium spp. was not completely ruled out.
The two identified Cryptosporidium species have zoonotic potential, and
as such, special measures should be considered to improve the sanitary
and safe disposal of pig faeces, among other measures, to minimize
environmental contamination.

Our results suggest the species-specific nPCRs as useful tools to
improve molecular Cryptosporidium infection diagnosis in pigs.
However, other protozoans should be considered when species-specific
nPCRs resulted in negative and Cryptosporidium oocyst-like structures
are observed.

In conclusion, C. suis and C. scrofarum infection were confirmed by
molecular tools in Argentinean pigs. The infection rate obtained by
staining and microscopy was low to moderate and was widely dis-
tributed in the main pig husbandry area from Argentina. Further sur-
veys should be carried out in farms with different breeding systems and
include more ages/categories, in order to better understand the epi-
demiology of Cryptosporidium infection in Argentina.
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