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Molecular survey of Cryptosporidium spp. in calves from the state of
Mato Grosso, Brazil

Levantamento molecular de Cryptosporidium spp. em bezerros do
estado de Mato Grosso, Brasil
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Highlights:

The first molecular characterization of Cryptosporidium spp. in the state of Mato Grosso.

The first identification of zoonotic subtypes of Cryptosporidium parvum in calves from the state.
The first detection of the subtype [1aA16G3R1 of Cryptosporidium parvum in South America.

Abstract

Cryptosporidium spp. is a protozoan that infects a wide range of vertebrate hosts; it has been reported to
be the cause of severe illness or death in livestock worldwide, which leads to decreased performance and
production losses, especially in young animals. This study investigated the presence of Cryptosporidium
in calves from beef farms in the state of Mato Grosso, midwestern Brazil. For this purpose, fecal samples
from 237 animals aged < 45 days, raised in 20 rural properties were subjected to DNA extraction and
nested polymerase chain reaction (nPCR) targeting 18S ribosomal RNA (18S rRNA) gene followed
by sequencing. Additionally, positive samples, previously identified as Cryptosporidium parvum by
sequencing and phylogenetic analyses based on 18S rRNA gene, were subsequently analyzed focusing
the amplification and sequencing using nPCR of a fragment of the 60 kDa glycoprotein (gp60) gene.
Of the 237 fecal samples analyzed by PCR (18S rRNA), 50 (21.1%) fecal samples were positive
for Cryptosporidium spp., while 14 (70%) of the 20 properties had at least one positive animal. The
following Cryptosporidium species were detected: C. bovis, C. parvum, and C. ryanae. Thereafter, two
potentially zoonotic subtypes (IlaA15G2R1 and [1aA16G3R1) of C. parvum were identified based on
gp60 gene sequences. This study resulted in the detection of subtype 1laA16G3R1 for the first time in
South America and showed a wide distribution of the protozoan in beef farms in the studied area of the
State.
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Resumo

Cryptosporidium spp. ¢ um protozoario que infecta uma grande variedade de hospedeiros vertebrados,
sendo descrito como causa de doengas graves ou morte na pecuaria em todo o mundo, o que leva
a diminui¢do do desempenho e a perda de produgdo, especialmente em animais jovens. Este estudo
investigou a presenca de Cryptosporidium em bezerros de fazendas de bovinocultura de corte no estado
de Mato Grosso, Centro-Oeste do Brasil. Para esse fim, amostras fecais de 237 animais com idade < 45
dias, criados em 20 propriedades rurais foram submetidas a extragdo de DNA e uma “nested” da reagdo
em cadeia pela polimerase (nPCR) direcionada ao gene 18S RNA ribossomal (18S rRNA), seguido do
sequenciamento. Adicionalmente, amostras positivas, previamente identificadas como Cryptosporidium
parvum pelo sequenciamento e analises filogenéticas baseadas no gene 18S rRNA, foram posteriormente
analisadas usando a nPCR buscando a amplificacdo e sequenciamento de um fragmento do gene de uma
glicoproteina de 60 kDa (gp60). Das 237 amostras fecais analisadas pela PCR (18S rRNA), 50 (21,1%)
amostras fecais foram positivas para Cryptosporidium spp., enquanto 14 (70%) das 20 propriedades
tinham ao menos um animal positivo. As seguintes espécies de Cryptosporidium foram detectadas: C.
bovis, C. parvum ¢ C. ryanae. Posteriormente, dois subtipos potencialmente zoondticos (IlaA15G2R1
e ITaA16G3R1) foram identificados. Este estudo resultou na detec¢do do subtipo [TaA16G3R1 pela
primeira vez na América do Sul ¢ mostrou uma ampla distribui¢ao do protozoario em rebanhos de corte

na area estudada do Estado.

Palavras-chave: Bezerro. Cryptosporidium parvum. Fezes. Zoonose.

The comprises
protozoan parasites that belongs to the Apicomplexa
phylum, and recently their classification has been
discussed; it has been reclassified as gregarine
(class Gregarinomorphea, subclass Cryptogregaria),
which is composed solely of species of this genus
(Cavalier-Smith, 2014).

genus  Cryptosporidium

Occurrence of cryptosporidiosis in cattle have
been described worldwide, and infections in young
animals are frequently associated with morbidity,
and sometimes mortality, and these calves are
known to harbor zoonotic species, representing
a potential public health risk. Cattle are hosts of
different species of the genus Cryptosporidium
including C. parvum, C. bovis, C. ryanae, and C.
andersoni (Robertson, Bjorkman, Axén, & Fayer,
2014), with C. parvum being recognized for its
zoonotic potential (Trotz-Williams et al., 20006).

Despite some molecular researches of
Cryptosporidium in cattle have been described in
Brazil (Toledo et al., 2017; Holsback et al., 2018),
studies

are scarce in the state, with only one published

concerning Cryptosporidium infection

research based on parasitological examination for
the detection of oocysts, with no identification at the
species level, nor molecular characterization of the
protozoan (Oliveira et al., 2007).

Once beef cattle farming is one of the most
important economic activities in the state of Mato
Grosso, and the state is one of Brazil’s largest meat
exporter, the present study molecularly investigated
the presence of Cryptosporidium in calves’ feces
in beef cattle herds from the state of Mato Grosso,
midwestern Brazil.

During January to August 2016, fresh stool
samples from 237 crossbred and zebu calves aged
<45 days, without signs of diarrhea, were randomly
collected from 20 beef herds in 15 municipalities of
the state of Mato Grosso, Brazil (Figure 1). Fecal
samples were kept refrigerated until the analysis,
which was performed within 24 h.

All procedures were approved (protocol number
23108.151952/2016-63) by the Animal Research
Ethics Committee of the Federal University of Mato
Grosso (UFMT), Brazil.
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Fecal samples were submitted to DNA extraction
using NucleoSpin® Tissue Kit
(Macherey-Nagel, Diiren, Germany), following the

Commercial

manufacturer protocol with an increment of three
cycles of freezing in liquid nitrogen and thawing at
56°C before lysis.
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Figure 1. Spatial distribution and Cryptosporidium species identified in beef herd distributed through 15

municipalities in the state of Mato Grosso, Brazil.

1- Acorizal; 2- Caceres; 3- Campo Novo dos Parecis; 4- Cuiabd; 5- Curvelandia; 6- Diamantino; 7- Guiratinga;
8- Juara; 9- Nobres; 10- Nossa Senhora do Livramento; 11- Nova Xavantina; 12- Pontes e Lacerda; 13- Santo
Antonio do Leverger; 14- Tangara da Serra; 15- Varzea Grande.

Firstly, DNA samples were screened using
a nested Polimerase Chain Reaction (nPCR)
targeting a 826 to 864-base pair (bp) fragment
of the 18S ribosomal RNA (18S rRNA) gene of
Cryptosporidium, as previously described (Xiao
et al., 1999). Nuclease free water and DNA from
C. parvum (GenBank: KX929939) obtained from
naturally infected dairy cattle were used as negative
and positive controls, respectively. The amplified
product was subjected to 1.5% agarose gels stained
with the GelRed™ Nucleic Acid Gel Stain (Biotium,
Fremont, California) and visualized in a ChemiDoc
XRS
Amplicons of the positive samples were purified
using the Illustra GFX PCR DNA and Gel Band
Purification Kit (GE Healthcare, Chicago, Illinois)
for sequencing with the BigDye™ kit (Applied

system (Bio-Rad, Hercules, California).

Biosystems, Foster, California). Sequencing
was performed using the automated sequencer
(ABI-PRISM 3500 Genetic Analyzer, Applied
Biosystems, Foster, California), according to the
manufacturer’s instructions, with the same primers

used in the second reaction of the nPCR.

The
and aligned for contig assembly in the program
Geneious®7.1.3 data

analysis, and later edited and aligned manually

sequences obtained were visualized

software for sequence
in the program BioEdit 7.0.5.2. Genetic distances
within and between groups obtained from the
phylogenetic analyses were then calculated based
on the Kimura-2- Parameters K2P (Kimura,
1980) model using tools of MEGA software v6.0
(Tamura, Stecher, Peterson, Filipski, & Kumar,

2013). Phylogenetic analyses were performed
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using MEGA v6.0 (Tamura et al., 2013) with 1000
replicates of bootstrap and the consensus tree was
constructed by means of the neighbor-joining (NJ)
method with bootstrap values above 95%.

Positive samples, previously identified as C.
parvum by phylogenetic analyses based on 18S
rRNA gene, were submitted to nPCR amplification
targeting a fragment (832 bp) of the 60-kDa
glycoprotein (gp60) gene, as previously described
(Toledo et al., 2017). PCR products of positive
samples for gp60 gene were purified and sequenced,
as previously detailed, in order to reveal the subtype
of C. parvum isolates.

Among 237 tested samples, 50 (21.10%) were
positive for the 18S rRNA gene, and 70% (14/20)
sampled farms had at least one positive animal
using the same criteria. After analysis of the sense
and antisense sequences, all 50 partial consensus
sequences of the 18S rRNA obtained were used
to construct the phylogenetic tree and then to
perform phylogenetic analysis. Figure 2 shows that
Cryptosporidium isolates were segregated into the
following three species: C. bovis, C. ryanae, and
C. parvum; the greatest genetic distance (0.043)
was observed between C. parvum and C. ryanae.
GenBank accession numbers for all sequences
used to perform the phylogenetic analyses were
embedded in the phylogenetic tree (Figure 2).

Among 50 of these 18s rRNA-nPCR positive
fecal samples, C. bovis was the most common
species identified (54%; 27/50), followed by
C. parvum (24%; 12/50), and C. ryanae (22%;
11/50). GenBank accession number for the partial
sequences of 18S rRNA gene generated for C. bovis,
C. parvum, and C. ryanae in the present study are
MH478527-MH478553, MH477694-MH477705,
and MH474547-MH474557, respectively.

The spatial distribution of Cryptosporidium
species identified in the municipalities included in
the present study is shown in Figure 1. Noteworthy,
Cryptosporidium DNA was not detected in the tested
fecal samples from Campo Novo dos Parecis (eight

samples), Cuiaba (11 samples), and Curvelandia
(six samples) municipalities. Furthermore, the rate
of infection in each municipality, as determined
by the presence of Cryptosporidium species, was
as follows (no. infected/no. tested): C. bovis was
identified in 6.52% (3/46), 20% (1/5), 41.17%
(717), 4.76% (1/21), 12.5% (3/24), 38.1% (8/21),
and 22.22% (2/9) of tested fecal samples from
the municipalities of Céceres, Guiratinga, Nossa
Senhora do Livramento, Nova Xavantina, Santo
Antonio do Leverger, Tangara da Serra and Varzea
Grande, respectively; C. parvum was identified
in Diamantino, Nobres, and Pontes e Lacerda
municipalities, with the rate of infection among
calves being 88.9% (8/9), 20% (3/15), and 12.5%
(1/8), respectively; C. ryanae was detected in 20%
(1/5) of tested samples from Juara; in addition, two
species (C. bovis and C. ryanae) were identified in
6.25% (2/32) and 31.25% (10/32) of fecal samples
tested in the Acorizal municipality.

Because of the quality of and insufficient DNA
quantity in the amplified samples, based on faint
band denoting positive nPCR but insufficient
amplicon concentration for sequencing, it was
possible to sequence gp60 gene amplicons from only
11 C. parvum-nPCR positive samples. The subtype
[TaA15G2R1 was identified in three fecal samples
from a farm located in the municipality of Nobres,
whereas subtype 1laA16G3R1 was identified in
DNA samples of eight animals raised in the same
beef farm from Diamantino municipality. GenBank
accession numbers for all partial sequences of gp60
gene generated in the present study are MH511478
- MH511486 and MN019011-MNO019012.

The most common Cryptosporidium species
found infecting bovines includes the following:
C. parvum, C. bovis, C. ryanae, and C. andersoni
(Robertson et al., 2014), corroborating the data
observed in the present study, with the exception
that C. andersoni was not detected, possibly
because this species is often found in older animals
(Silverlas, de Verdier, Emanuelson, Mattsson, &
Bjorkman, 2010).
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Figure 2. Phylogenetic tree constructed from sequences of 18S rRNA gene with 705 bp of
Cryptosporidium species. The neighbor-joining (NJ) analysis was performed with bootstrap
values of above 95% and the nodes displayed based on 79 specimens K2P distance. (*) Sequences
obtained from Genbank that were used for comparisons with the sequences obtained in the
present study include AB922120, AB777172, AB746197, KF128742, HM622121, AY 741305,
AB922121, AB922122, HQ179574, AB777174, HM622123, HM622120, AB922117,
AB922118, HM622122, AB922119, KF271477, HQ007049, and JX198260.
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Studies have  described infection by
Crypstosporidium in cattle and herd from Brazil
(Oliveira et al., 2007; Toledo et al., 2017; Holsback
et al., 2018), and these studies reported different
prevalence compared to that reported in the present
study. The rate of infection with Cryptosporidium
spp. among cattle may vary widely due to age and
animal husbandry, among other factors. Toledo et al.
(2017) observed a significantly higher occurrence
of Cryptosporidium spp. in calves (up to 6 months
of age) than in older animals. On the other hand, it is
expected that in dairy calves, which are commonly
confined, the infection is more common compared
to beef calves, which are kept in more open areas
(McAllister, Olson, Fletch, Wetzstein, & Entz,
2005), such as the calves included in the present
study. In this context, Holsback et al. (2018) have
reported that dairy calves were 2.66 times more
likely to be infected with Cryptosporidium than

beef calves from Parana state, Southern Brazil.

Furthermore, the infection rate observed in the
present study (21.10%) was higher when compared
with that observed in the study conducted by
Oliveira et al. (2007), among apparently healthy
calves (10%) from beef calves in the state of Mato
Grosso. However, Oliveira et al. (2007) have
analyzed only 30 non-diarrheic animals being all
of them from a single, and a notably large rural
property (with 30,000 hectares of pasture), while
the present study evaluated an expressive number of
animals encompassing 20 different rural properties
from 15 municipalities in the state of Mato Grosso.
In addition, the daily excretion of oocysts in
animal feces is characterized by irregularity and
heterogeneous distribution and according to Brook,
Hart, French and Christley (2008), so the results of
prevalence studies vary widely depending on the
sensitivity and specificity of the screening methods
used and the sampled management groups sampled.

The most common species identified in the
calves from the analyzed beef farms was C. bovis,
followed by C. parvum and C. ryanae. In general,
younger calves of a similar age group as animals

sampled in this study (aged <8 weeks) are reported
most likely to be shedding C. parvum, while older
calves may shed C. bovis and C. ryanae (Robertson
et al., 2014). However, our results corroborate with
those of studies in other countries, such as the report
of C. bovis being the most prevalent species in beef
calves from Sweden, as well as, early excretion
of C. bovis and C. ryanae by animals (<2 months
old) (Silverlas et al., 2010). These differences
and variations in species infecting animals of the
same age range may be related to the aspects of
farms and of the animals and suggests that the age-
species relationship is not fully understood (Rieux,
Paraud, Pors, & Chartier, 2014), in this sense, future
studies are needed including epidemiological data
and productive characteristics of beef farms in
order to obtain more in-depth knowledge of the
epidemiology of cryptosporidiosis in cattle in the
state of Mato Grosso.

Regarding pathogenicity, although fecal
samples are from non-diarrheic calves, the three
Cryptosporidium species found are potentially
pathogenic, since C. bovis has been reported in
diarrheal samples obtained from calves aged >
21 days in Sweden (Silverlas, Bosaeus-Reineck,
Néslund, & Bjorkman, 2013), while C. parvum is
the most pathogenic species, and the most frequently
diagnosed cause of diarrhea in calves worldwide
(Silverlas et al., 2013; Robertson et al., 2014). On
the other hand, C. ryanae has been considered

minor pathogenic (Robertson et al., 2014).

Genetic diversity from PCR-positive samples
of C. parvum for the gp60 gene resulted in two
potentially zoonotic subtypes belonging to family
[Ta: 1TaA15G2R1 and [1aA16G3R1. The subtype
[TaA15G2R1 has been shown to be more prevalent
among humans and animals in several countries and
comprises the highly zoonotic subtype, with young
cattle as the main reservoir (Xiao, 2010).

The present study reports the first detection of
the subtype 11aA16G3R1 of C. parvum in South
America. The subtype has been observed more
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frequently in other continents (Trotz-Williams et al.,
2006; Razakandrainibe et al., 2018). Moreover, the
aforementioned subtype has been reported to cause
human infection (Trotz-Williams et al., 2006) and
associated with clinical episodes such as digestive
symptoms, respiratory symptoms, and an impaired
or poor general state in calves (Razakandrainibe et
al., 2018).

In conclusion, the molecular data presents a
broad distribution of Cryptosporidium infection
among asymptomatic beef calves from the state of
Mato Grosso, Brazil, resulting in the identification
of three species of Cryptosporidium within animals,
namely C. bovis, C. parvum and C. ryanae. In
addition, apparently healthy calves were observed
harboring two zoonotic subtypes of C. parvum,
which might be the cause of human infections.
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