
Introduction

Cryptosporidium, an intracellular apicomplexan
parasite infecting mammals including humans, was
first reported in rabbits in 1912 [1], but the
microscopic and ultra-structural appearance was
only described in 1979 [2]. The Cryptosporidium
isolate in rabbit was first identified as the rabbit
genotype in China [3] and then in Czech Republic
[4] but was later renamed Cryptosporidium
cuniculus [5]. 

Although C. cuniculus has been described as
genetically related to C. parvum and C. hominis, it
is most related to C. hominis [3,4,6] and has been
implicated in human cryptosporidiosis outbreaks in
the United Kingdom [5,7,8].

C. cuniculus can be identified by sequence
analysis of the small subunit (SSU) of ribosomal
RNA (18S rRNA) gene, actin genes, Cryptospo ri -
dium oocyst wall protein (COWP) gene and 60-kDa
glycoprotein (gp60) gene [5]. Subtype families Va
and Vb have been described in C. cuniculus based
on the sequences outside the tandem repeat region

of the gp60 gene, with Va subtypes mostly detected
in human cases and Vb subtypes in rabbits, humans
and recently in Australia kangaroo [7,9]. 

Several reports exist on the genetic
characteristics and zoonotic potential of C. cuni -
culus worldwide [10–15]. However, there are
knowledge gaps in understanding of the natural
occurrence of other Cryptosporidium species in
rabbits.

Rabbit farming in Nigeria is largely traditional
and operated as smallholder backyard production
systems in which the animals are reared basically
for family consumption [16]. However, it is now
growing at a fast rate being largely accepted as an
alternative source of animal protein to meet the
demands of the growing human population. 

The aim of this study was to identify and
characterize the genotype and subtype of
Cryptosporidium species infecting rabbits in
Ibadan, Nigeria.
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Materials and Methods

Sampling. Fecal samples were randomly
collected from 107 out of at total of  204 adult New
Zealand white rabbits in a farm located in Ojoo in
Ibadan, Southwestern Nigeria between February
and August 2016. Fresh droppings from individual
cages were obtained and kept at 4°C prior to
microscopy and DNA extraction. 

Cryptosporidium oocyst detection. Fecal
samples were examined for the presence of
Cryptosporidium oocysts after making smears
stained with modified Ziehl-Neelsen technique stain
[17]. Slides were examined using ×100 objective for
the presence of bright pink roundish oocysts that
indicate positivity for Cryptosporidium. Oocysts
from all positive samples were then purified using the
sucrose gradient concentration method [18].

Cryptosporidium genotyping and subtyping.

Ultra-pure® DNA Kit (Roche, Indianapolis, USA)
was used to extract DNA from purified oocysts and
Cryptosporidium species were detected by a nested
polymerase chain reaction (nested-PCR) amplifi -

cation of a ~590 bp fragment of the 18S rRNA gene
using already described primers for the primary and
secondary amplification [4]. The 50 μl PCR reaction
mixture contained 21.6 μl nuclease-free water
(Roche, Indianapolis, USA), 25 μl master mix
(Roche, Indianapolis, USA) containing pre-mixed
Taq polymerase, MgCl2 and dNTPs, 1.2 μl each of
forward and reverse primers and 1 μl DNA
template. Cryptosporidium hominis DNA (TU502)
and ultra-pure PCR water were used as positive and
negative controls, respectively. The cycling protocol
for both primary and secondary amplification
included an initial denaturation step of 94°C for 5
minutes, followed by 45 cycles of 94°C for 30 s
(denaturation), 58°C for 30 seconds (annealing) and
72°C for 30 seconds (extension), with a final
extension of 72°C for 10 minutes. 

Subtyping was achieved through amplification
of a 400-bp fragment of the 60-kDa glycoprotein
(gp60) gene using already described primers for the
primary and secondary amplification [19]. The
constituents of the 50 μl PCR reaction mixture the
cycling conditions were the same as for 18S rRNA
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Fig. 1. Nucleotide sequence similarities and differences in partial 18S rRNA (A) and  gp60 (B) genes between isolates
from this study and reference sequences of C. parvum, C. hominis and C. cuniculus differences. Dots indicate base
identical to those in obtained isolates.



gene amplification. Sequencing of secondary
products of both 18S rRNA and gp60 genes was
performed at a commercial sequencing facility
using secondary primers. The sequences were
compared with Cryptosporidium sequences found in
GenBank (http://www.ncbi.nlm.nih.gov/) using
BLAST and sequence alignments were performed
with Bioedit alignment editor (version 7.0.9.0).
Sequences obtained from analysis of the 18S rRNA

gene were assigned GenBank accession numbers
KY189296, KY189298, KY189300 and KY189301,
while, those from the gp60 gene were assigned
accession numbers KY189297 and KY189302.  

Phylogenetic analysis. Analysis of partial
sequences obtained for both 18S rRNA and gp60
genes were carried out using MEGA 6 software
package (www.megasoftware.net). Obtained
sequences were compared with selected reference

Fig. 2. showing the phylogenetic relationships obtained among Cryptosporidium species from the present study and
those already deposited in the Genbank based on the neighbor-joining analysis of the partial sequences of the 18S
rRNA locus. The numbers at the nodes represent bootstrap values of 1000 replicates (> 50%).
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sequences from the GenBank and relatedness was
inferred by construction of phylogenetic trees using
the Neighbour-Joining method [20].

Results 

Cryptosporidium genotype

An overall prevalence of 3.7% (4/107) was

obtained by acid-fast staining. Nested PCR
amplification of the 18S rRNA gene of the positive
samples yielded products of expected size (590 bp)
in all the four samples. All four PCR products were
successfully sequenced and had 99% homology
with many reference C. parvum sequences at the
18S rRNA gene locus. The sequences of the
obtained isolates had nucleotide substitution “C” for
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Fig. 3. showing the phylogenetic relationships obtained among Cryptosporidium species from the present study and
those already deposited in the Genbank based on the neighbor-joining analysis of the partial sequences of the gp60
gene. The numbers at the nodes represent bootstrap values of 1000 replicates (> 50%).



“T” at position 362 and “A” for “T” at position 386
when compared to C. hominis and C. cuniculus (Fig.
1). Phylogenetic an analysis of the 18S rRNA genes
showed that the obtained isolates clusterd closer to
C. parvum sequences than to C. hominis and C.
cuniculus sequences (Fig. 2). 

Cryptosporidium subtype

Sequence analysis of the gp60 gene yielded C.
parvum subtype family IIc in two isolates with both
having 100% homology with some C. parvum
sequences, including KM539041, KT716839 and
AY382674. Furthermore, sequence analysis of the
gp60 gene showed that the two subtyped isolates
were distinct from C. hominis and C. cuniculus with
differences in nucleotide sequences differences at
positions 1 to 6, 12, 21 and 62 (Fig. 1). Phylogenetic
analysis of gp60 gene showed that the obtained
isolates clusterd closer to C. parvum sequences than
to C. hominis and C. cuniculus sequences (Fig. 3).

Discussion

The prevalence of 3.7% obtained for Cryptospo -
ri dium infection in farmed rabbits in this study is
lower than the 6.8% and 19% obtained in previous
studies from Australia and Japan, respectively.
However, our finding is comparable to the 3.4%
prevalence reported in Henan province, China [11],
but higher than the 2.3% and 0.9% obtained in
Heilongjiang province, China [12] and the UK [21],
respectively. The discrepancies in prevalence results
have been attributed in most cases to sensitivity and
specificity of detection methods, sample size,
management systems and study design [11,12], The
variations in type of rabbits (pet, laboratory and
wild), geographical locations and other factors make
it difficult to adequately compare results of
epidemiological studies. 

BLAST search analysis of sequences obtained
from 18S rRNA gene of positive samples in this
study identified the isolates as C. parvum, with high
level of similarity to some C. hominis and C.
cuniculus sequences. Whereas previous reports
[10,11], have showed that C. parvum, C. hominis
and C. cuniculus shared sequence similarities in
both the 18S rRNA and gp60 genes, identified
nucleotide substitutions and the results of
phylogenetic analysis showed that the isolates
obtained in this study were Cryptosporidium
parvum, and were distinct from C. cuniculus and C.
hominis.

Analysis of the gp60 gene has increasingly
proved useful for the determination of genetic
diversity within Cryptosporidium genotypes and
subtypes. Hence, the gp60 locus is often targeted for
subtyping Cryptosporidium isolates obtained from
rabbits [22,23]. In this study, analysis of the gp60
gene sequence identified two isolates as C. parvum
subtype family IIc. This finding is rather unusual in
rabbits since subfamily IIc is known to be a human
pathogen that has been found to circulate among
humans and designated as anthroponotic [24]. The
subtype IIc identified in this study is one of the most
common C. parvum isolates recovered exclusively
from humans worldwide [24,25], with only few
exceptions where it was isolated from hedgehog
[26,27). Although experimental infection of rabbits
with C. parvum has been reported, the natural
infection has not been documented [28]. Our
findings suggest that the Cryptosporidium-positive
rabbits were actually infected by the pathogen and
shed oocysts detectable by microscopy, rather than
passive carriage of ingested oocysts. While it is not
clear whether the positve rabbits maintained the
organism as reservoirs or could probably transmit it
to humans, the present finding coupled with
previous reports might suggest that the host range of
Crypto sporidium subtypes have expanded beyond
humans. Further studies are therefore required to
determine the significance of finding C. parvum
IIcA5G3 in rabbits. The results of such investigation
might be valuable towards the revision of the
anthroponotic status of the subfamily IIc as earlier
suggested by Krawczyk et al. [27].

In conclusion, our findings underscore the need
to track the possible spread of human Cryptospo -
ridium subtypes to in-contact livestock and pets that
share the same geographical space with them. We
advocate further investigation to clarify the
probable role of domestic animals and livestock in
the epidemiology of anthroponotic Cryptospo ri dium
species. Necessary precautions should be taken in
the handling rabbits in order to avoid possible
human infection. 
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