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Abstract: Cryptosporidium parvum is an enteric protozoan, which causes severe diarrhoea in a wide range of ver-
tebrate hosts including ruminants and humans. C. parvum infections are responsible for immense economic losses
to the livestock industry; furthermore, the zoonotic spread of the infection may lead to mortality in immunosup-
pressed humans. In the present study, we report two cases of severe cryptosporidiosis in goat kids in the Republic
of Korea. Both cases were afflicted with severe diarrhoea upon presentation; the histopathological examinations
revealed atrophied and fused intestinal villi and numerous circular basophilic organisms in the jejunum and ileum.
Both cases were diagnosed with cryptosporidiosis based on the results of the histopathological analysis, amplifi-
cation of the C. parvum gp60 gene, modified Ziehl-Neelsen staining, and C. parvum antigen ELISA. According
to the phylogenetic analysis using the C. parvum gp60 gene for the genetic subtypes, the C. parvum isolates were
identified as subtype IIdA15G1 with zoonotic potential. This is the first pathological report of caprine crypto-
sporidiosis induced by C. parvum subtype I1d in the Republic of Korea. Considering the clinical manifestations
associated with the pathological lesions and the zoonotic significance of these findings, the continuous monitor-
ing and prevention of C. parvum infections in goats are essential for minimising the economic losses in ruminant
farms and in maintaining public health safety standards.
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Cryptosporidium spp. is an enteric protozoan par-  mitted via the faecal-oral route of contact. In the

asite with a wide range of hosts, including humans.
Cryptosporidiosis manifests in the form of se-
vere diarrhoea in immunocompromised humans
and young ruminants, primarily in the age group
5-21 days (Yu and Seo 2004; Paraud and Chartier
2012; Baroudi et al. 2018). These parasites are trans-

Republic of Korea, Cryptosporidium spp. was de-
tected in 9.9% of the diarrhoeal faecal samples from
young calves and C. parvum was detected in 4.4%
of the diarrhoeal faecal samples from pre-weaned
Korean native calves (Lee et al. 2016a; Lee et al.
2019). Of the approximately 40 Cryptosporidium
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species reported to date, C. parvum, C. ubiquitum,
and C. xiaoi are the most common species in small
ruminants; while C. parvum and C. ubiquitum are
associated with human cryptosporidiosis (Lee et al.
2016a; Baroudi et al. 2018; Enemark et al. 2020).

Based on the 60-kDa glycoprotein-encoding gene
(gp60 gene) analysis most commonly used for the
identification of the subtype families, the sub-
types Ila and IId have been reported to be involved
in zoonotic cryptosporidiosis (Lee et al. 2016a;
Baroudi et al. 2018). In the Republic of Korea,
several Cryptosporidium spp. isolated from calf
and human diarrhoeal faeces have been reported
to belong to subtype Ila (Lee et al. 2016a; Lee et al.
2019; Ma et al. 2019). Although numerous field
case reports, molecular biological studies, and the
enumeration of the observed pathological charac-
teristics exist on bovine cryptosporidiosis in Korea,
limited information is available on cryptosporidi-
osis in goats (Baek et al. 2014; Baroudi et al. 2018).
Also, no other subtype studies have been conducted
in the Republic of Korea. Therefore, the goal of the
present study was to analyse the first documented
clinical cases of C. parvum infection in goats in the
Republic of Korea and elucidate upon the genetic
characteristics within the C. parvum isolates from
diarrhoeic goat kids.

Case histories

Histories and gross pathological findings pertain-
ing to the two cases:

In March 2019, a goat farm located in Sangju,
Republic of Korea, housing 480 goats (Capra aega-
grus hircus), reported the sudden death of nine neo-
natal kids (aged one week to one month) afflicted
by diarrhoea. Among the dead goats, a 21-day-old
goat (Cap-1) was referred to the Animal and Plant
Quarantine Agency (APQA). Upon dissection, the
intestinal serosa and mucosa of the small intes-
tine with a thinned wall was hyperaemic and the
blood vessels of the intestinal walls were congested
(Figure 1). Furthermore, the large-intestinal con-
tents were pasty in consistency.

In March 2018, a massive outbreak of diarrhoea
was reported in neonatal native Korean goats
(Capra hircus coreanae) on a farm located in Naju,
Republic of Korea. There was a total of 800 goats
on the farm. Clinically, 30% of the goat kids (aged
five days to one month) on the farm manifested with
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anorexia, diarrhoea, and prostration. Among them,
140 kids in the herd died due to diarrhoea. Two
dead goats (Cap-2), each 7 days old, were handed
over to APQA for diagnostic examination. Thinned
and distended intestinal walls of the ileum, with wa-
tery yellowish contents, were observed at necropsy.

HISTOPATHOLOGICAL EXAMINATIONS

After necropsy, the representative tissues were
fixed in 10% neutral buffered formalin for 24 hours.
The fixed representative tissues were processed
routinely and 2-um sections were stained with
haematoxylin and eosin (Baek et al. 2014).

LABORATORY EXAMINATION

The faecal samples were directly collected from
the rectum. A modified Ziehl-Neelsen method and
a commercial enzyme-linked immunosorbent assay
(ELISA) kit (Cryptosporidium parvum Antigen Test
Kit; IDEXX Laboratories, Inc., Westbrook, ME,
USA) were used to detect the Cryptosporidium
oocysts and C. parvum antigen in the faecal sam-
ples, respectively (Yu and Seo 2004). The genomic

Figure 1

Figure 1. Gross appearance of the dead goat intestines
(Cap-1)
Hyperaemic and thinned small-intestinal walls and blood

vessel congestion (asterisk) of the intestinal walls
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DNA was extracted from the faecal samples and
intestinal tissues using a QIAamp Mini Stool Kit
and a DNA Mini Kit (Qiagen, Hilden, Germany),
respectively. To detect C. parvum in the faecal
samples and intestinal tissues, a nested polymerase
chain reaction (PCR) was performed using a primer
set capable of specifically amplifying the C. parvum
gp60, as previously described (Lee et al. 2016a).
For the differential diagnosis, the intestinal con-
tents and faecal samples were aseptically collected
and then inoculated onto sheep blood agar (Asan
Pharmaceutical Co. Ltd., Seoul, Republic of Korea)
and MacConkey agar (Becton Dickinson, Sparks,
MD, USA). To detect the major viral enteric viruses,
including rotavirus, coronavirus, and bovine viral
diarrhoea (BVD) virus, a LiliF-BD-Multi RT-PCR
Kit (iNtRON Biotechnology, Seongnam, Republic
of Korea) was utilised, in accordance with the manu-
facturer’s instructions. An additional PCR was car-
ried out to detect the gastrointestinal parasites,
including Giardia, Blastocystis, and Enterocytozoon,
as previously described (Lee 2007; Lee et al. 2016b;
Lee et al. 2018). The faecal samples were evaluated
using the standard flotation method to detect para-
site oocysts, as previously described (Foreyt 2013).

PHYLOGENETIC ANALYSIS AND SUBTYPING

A phylogenetic analysis was performed using the
partial region of the C. parvum gp60. The sequence
alignment was performed using Clustal X and sub-
sequently analysed in MEGA v7.0 (Pennsylvania
State University, State College, Pennsylvania, USA).
Additionally, the neighbour-joining phylogenetic
tree based on gp60 was reconstructed with Kimura’s
two-parameter model with 1 000 replicates (Kimura
1980). The sequences of C. parvum from the goats
in the present study were compared with previously
reported reference sequences, which were derived
from various animals and countries collected from
the National Center for Biotechnology Information
(NCBI; http://www.ncbi.nlm.nih.gov) (Sulaiman
et al. 2005; Cui et al. 2014; Lee et al. 2016a; Feng
and Xiao 2017; Zahedi et al. 2018; Qi et al. 2019;
Mravcova et al. 2020). Additionally, the sequence
of C. hominis 8906 (GenBank Accession No.:
AY738196) was used as an outgroup (Sulaiman
etal. 2005). Subtypes were recognised based on the
number of trinucleotide repeat (TCA or TCG) cod-
ing for the amino acid serine (Sulaiman et al. 2005).
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HISTOPATHOLOGICAL EXAMINATIONS
RESULTS

Histopathologically, villous atrophy and fusion
were observed and extensive losses of villi with
haemorrhaging, as well as numerous variably-
sized circular basophilic organisms (approximate-
ly 1-3 pm in diameter) adherent to the mucosal
surface and inside the lamina propria, were also
detected in the jejunum of Cap-1. Furthermore, the
lamina propria was expanded by mononuclear cells
and necrotic cells with pyknotic or karyorrhectic
nuclei (Figure 2A). There were no histological find-
ings in the locations other than the small intestines.

The histopathological findings for Cap-2 were
more severe than those recorded for Cap-1. Villous
fusion and atrophy with haemorrhaging were not-
ed and dilated crypts with necrotic cells were ob-
served. Cellular infiltration involving necrotic cells,
lymphocytes, plasma cells, and a few eosinophils,
similar to the observations in Cap-1, was seen in the
lamina propria of the jejunum. Numerous circu-
lar basophilic organisms (approximately 1-3 pm
in diameter) were attached to the brush border and
inside the lamina propria in the jejunum and ileum
(Figure 2B).

LABORATORY EXAMINATION RESULTS

Following the modified Ziehl-Neelsen staining
and C. parvum ELISA (IDEXX), both cases test-
ed positive for C. parvum oocysts in the faeces
(Figure 3). Moreover, C. parvum gp60 was identi-
fied in the small-intestinal tissue DNA of both cases.

Additionally, Clostridium perfringens type D was
isolated from the faecal samples of Cap-1. C. per-
fringens type A was isolated from the small intes-
tines and caecum of Cap-2. The PCR results were
negative for all viral pathogens (rotavirus, coronavi-
rus, and BVD virus) and other gastrointestinal par-
asites (Giardia, Blastocystis, and Enterocytozoon)
in both cases. With regards to the faecal flotation,
no parasitic oocysts were found.

PHYLOGENETIC ANALYSIS AND
SUBTYPING RESULTS

The partial sequences of the gp60 obtained in the
current study were deposited in the GenBank
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Figure 2A Figure 2B

(A) (B)

Figure 2. Haematoxylin and eosin (H&E) stain of the small intestine

(A) H&E stain of the small intestine in Cap-1. Villous fusion (arrow) and loss of the apical villi with numerous small

basophilic organisms (arrowheads, inset) were observed. Inflammatory cells and debris, with associated haemorrhaging,

that infiltrated into the lamina propria were identified. Scale bar = 100 pm. (B) H&E stain of the small intestine in Cap-2.

Villous fusion (arrow) and detachment of enterocytes were observed. Furthermore, dilated crypts containing necrotic

cells (hollow arrows) were seen and there were multiple small basophilic organisms (arrowheads, inset) attached to the

brush border in the small intestine. Cellular infiltration involving necrotic cells and mononuclear cells was found. Scale

bar = 100 um

Figure 3A

(A)

Figure 3B

(B)

Figure 3. Modified Ziehl-Neelsen stain of the faecal samples

Cryptosporidium oocysts (arrows) in the faeces were stained a pink-red colour. (A) Faecal sample from Cap-1 and (B) faecal

sample from Cap-2. Scale bar = 100 pm

database (under Accession No. MK905082 and
MK905083). The sequences collected in both cases
belonged to the IId group according to the phy-
logenetic analysis (Figure 4). Furthermore, all the
sequences were identified as the IIdA15G1 subtype
in accordance with a previous study (Sulaiman et al.
2005). The isolates subtyped as IIdA15G1 in the
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present study clustered with C. parvum I1dA15G1
isolates from calves, monkeys, sheep, and yaks
in China; lambs in Spain and isolates obtained from
humans in the Netherlands and Slovakia.

The gp60 sequences were identical to those of the
same cluster in the neighbour-joining phylogenetic
tree (Figure 4).
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Figure 4
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Figure 4. Phylogenetic tree of the partial gp60 region of Cryptosporidium spp.

The tree was constructed using the neighbour-joining method with 1 000 replicates. The sequences isolated in the pre-

sent study are indicated in red. The species, host, source, identified region, and GenBank accession number are included

DISCUSSION AND CONCLUSIONS

A Cryptosporidium infection is a significant en-
teric disease that causes diarrhoea among neonatal
ruminants, resulting in considerable economic loss-
es to the affected ruminant farms. In the Republic
of Korea, case reports on the infection are limited
to cattle and humans (Moon et al. 2013; Baek et al.
2014). To the authors’ knowledge, the pathological
findings associated to Cryptosporidium infections
in goats have not been previously reported in the
Republic of Korea.

In the present study, the histopathological lesions
were limited to the small intestines in both cases.
Numerous small grey basophilic organisms and
inflammatory cells that infiltrated into the lamina
propria with necrotic cell debris and haemorrhag-
ing were observed. Based on the histopathologi-
cal findings and laboratory examination results,
both cases were diagnosed as C. parvum-induced
villous atrophy and fusion. These findings were
similar to the clinical cases of previous studies re-
ported in Turkey and Oman (Johnson et al. 1999;
Sevinc et al. 2006). In the causative examination,
C. perfringens type D was isolated from the faeces
of Cap-1 and C. perfringens type A was isolated
from the intestines of Cap-2. Although C. perfrin-
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gens aggravated the lesions, the isolated bacteria
were regarded as commensal intestinal organisms
because there were no specific pathological find-
ings, such as enterotoxaemia and fibrinous haem-
orrhagic colitis associated with them (Paraud and
Chartier 2012; Kim et al. 2013).

According to a previous study, numerous 00-
cysts were excreted by C. parvum-infected goat
kids, aged between 5 and 21 days. The morbidity
and mortality rates can be elevated in C. parvum
infected goat kids (Paraud and Chartier 2012). The
three dead goats that were subjected to investiga-
tion cannot be considered representative of all the
dead goats on both farms. It was, thus, impossible
to investigate all the environmental factors and
practiced farm management procedures that may
have contributed to the lethal outcome. However,
we concluded that C. parvum was the most likely
causative agent of the diarrhoea and related lethal-
ity on the two farms, considering the pathological
and laboratory findings.

According to the phylogenetic analysis, the
C. parvum diagnosed in the present study clus-
tered into the IId subtype family. However, a pre-
vious large-scale study on Cryptosporidium spp.
in young Korean calves with diarrhoea showed only
members of the IIa family (Lee et al. 2016a; Lee
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etal. 2019). In the present study, all the C. parvum
isolates were classified as IIdA15G1. This subtype
has caused severe economic losses in dairy farms
in northwestern China and has been isolated from
various host species such as calves, monkeys, ro-
dents, sheep, and yaks in China, as well as from
human hosts in Slovakia and the Netherlands (Cui
et al. 2014; Feng and Xiao 2017; Li et al. 2019;
Qi et al. 2019; Mravcova et al. 2020). This subtype
has been regarded as being zoonotic, transmitted
between different species (Feng and Xiao 2017).
For instance, a Slovakian patient, who came into
contact with infected calves on a farm, suffered
from diarrhoea induced by C. parvum I1dA15G1
(Accession No. MK948612). Considering that rumi-
nants serve as reservoirs of C. parvum, we accentu-
ate the importance of a continuous epidemiological
surveillance of the C. parvum sub-genotype prev-
alence. A cryptosporidiosis outbreak (C. parvum
IIdA15G1 subtype) in Chinese dairy cattle, due
to the C. parvum I1dA15G1 sub-genotype was
related to the possible financial collapse in rumi-
nant farms, particularly of those housing cattle (Cui
et al. 2014).

Although halofuginone lactate, not licensed
against goat cryptosporidiosis, has been report-
ed to reduce diarrhoea, there is the disadvantage
that has to be administered orally for seven con-
secutive days (Giadinis et al. 2008). Considering
the lack of efficacious medication for controlling
a massive outbreak of cryptosporidiosis, surveil-
lance and prevention is the most crucial approach
towards mitigating the economic losses in the live-
stock industry (Paraud and Chartier 2012).

In summary, our pathological findings and sub-
typing results are helpful to better understand the
C. parvum infection in goats and underscore
the necessity of future investigations into further
characterising goat C. parvum isolates.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Baek KH, Lee HK, Lee KH, Kim HY, Park JW, Lee BR, Her
JW, Lee MH, Bae YC. Fatal cryptosporidiosis in a calf.
Korean J Vet Res. 2014;54(4):257-60.

161

https://doi.org/10.17221/212/2020-VETMED

Baroudi D, Hakem A, Adamu H, Amer S, Khelef D, Adjou K,
Dahmani H, Chen X, Roellig D, Feng Y, Xiao L. Zoonotic
Cryptosporidium species and subtypes in lambs and goat
kids in Algeria. Parasit Vectors. 2018 Nov 6;11(1):2-8.

Cui Z, Wang R, Huang ], Wang H, Zhao ], Luo N, Li], Zhang Z,
Zhang L. Cryptosporidiosis caused by Cryptosporidium
parvum subtype IIdA15G1 at a dairy farm in Northwestern
China. Parasit Vectors. 2014 Nov 27;7(1):1-4.

Enemark HL, Starostka TP, Larsen B, Takeuchi-Storm N,
Thamsborg SM. Giardia and Cryptosporidium infections
in Danish cats: Risk factors and zoonotic potential. Par-
asitol Res. 2020 Jul;119(7):2275-86.

Feng Y, Xiao L. Molecular epidemiology of cryptosporidi-
osis in China. Front Microbiol. 2017 Sep 6;8:1701.

Foreyt WJ. Veterinary parasitology reference manual. 5% ed.
Iowa, Ames: Blackwell publishing; 2013. p. 3-10.

Giadinis ND, Papadoupoulos E, Lafi SQ, Panousis NK, Pa-
pazahariadou M, Karatzias H. Efficacy of halofuginone
lactate for the treatment and prevention of cryptosporid-
iosis in goat kids: An extensive field trial. Small Rumin
Res. 2008;76(3):195-200.

Johnson EH, Muirhead DE, Windsor JJ, King GJ, Al-
Busaidy R, Cornelius R. Atypical outbreak of caprine
cryptosporidiosis in the Sultanate of Oman. Vet Rec. 1999
Oct 30;145(18):521-4.

Kim HY, Byun JW, Roh IS, Bae YC, Lee MH, Kim B, Songer
JG, Jung BY. First isolation of Clostridium perfringens
type E from a goat with diarrhea. Anaerobe. 2013 Aug;
22:141-3.

Kimura M. A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nu-
cleotide sequences. ] Mol Evol. 1980 Dec;16(2):111-20.

Lee JH. Prevalence and molecular characteristics of Entero-
cytozoon bieneusi in cattle in Korea. Parasitol Res. 2007
Jul;101(2):391-6.

Lee SH, VanBik D, Kim HY, Lee YR, Kim JW, Chae M, Oh
SI, Goo YK, Kwon OD, Kwak D. Multilocus typing
of Cryptosporidium spp. in young calves with diarrhea
in Korea. Vet Parasitol. 2016a Oct 15;229:81-9.

Lee SH, VanBik D, Kim HY, Cho A, Kim JW, Byun JW, Oem
JK, Oh SI, Kwak D. Prevalence and molecular charac-
terisation of Giardia duodenalis in calves with diarrhoea.
Vet Rec. 2016b Jun 18;178(25):633.

Lee H, Lee SH, Seo MG, Kim HY, Kim JW, Lee YR, Kim JH,
Kwon OD, Kwak D. Occurrence and genetic diversity
of Blastocystis in Korean cattle. Vet Parasitol. 2018 Jul 15;
258:70-3.

Lee YJ, Ryu JH, Shin SU, Choi KS. Prevalence and molecu-
lar characterization of Cryptosporidium and Giardia
in pre-weaned native calves in the Republic of Korea.
Parasitol Res. 2019 Dec;118(12):3509-17.


https://www.agriculturejournals.cz/web/vetmed/

Case Report

Veterinarni Medicina, 67, 2022 (03): 156—162

Li N, Wang R, Cai M, Jiang W, Feng Y, Xiao L. Outbreak
of cryptosporidiosis due to Cryptosporidium parvum
subtype IIdA19G1 in neonatal calves on a dairy farm
in China. Int J Parasitol. 2019 Jun;49(7):569-77.

Ma DW, Lee MR, Hong SH, Cho SH, Lee SE. Molecular
prevalence and genotypes of Cryptosporidium parvum
and Giardia duodenalis in patients with acute diarrhea
in Korea, 2013-2016. Korean J Parasitol. 2019 Oct;57(5):
531-6.

Moon S, Kwak W, Lee S, Kim W, Oh ], Youn SK. Epidemio-
logical characteristics of the first water-borne outbreak
of cryptosporidiosis in Seoul, Korea. ] Korean Med Sci.
2013 Jul;28(7):983-9. Erratum in: ] Korean Med Sci. 2013
Aug;28(8):1260.

Mravcova K, Strkolcova G, Mucha R, Barbusinova E, Gol-
dova M, Kacirova J, Madar M. Cryptosporidium par-
vum — Zoonotic subtype IIdA15G1 in a Slovakian patient.
Ann Agric Environ Med. 2020 Sep 11;27(3):485-8.

Paraud C, Chartier C. Cryptosporidiosis in small ruminants.
Small Rumin Res. 2012 Mar;103(1):93-7.

162

https://doi.org/10.17221/212/2020-VETMED

Qi M, Zhang Z, Zhao A, Jing B, Guan G, Luo J, Zhang L.
Distribution and molecular characterization of Crypto-
sporidium spp., Giardia duodenalis, and Enterocytozoon
bieneusi amongst grazing adult sheep in Xinjiang, China.
Parasitol Int. 2019 Aug;71:80-6.

Sevinc F, Simsek A, Uslu U. Massive Cryptosporidium parvum
infection associated with an outbreak of diarrhoea in neo-
natal goat kids. Turk ] Vet Anim Sci. 2006;29(6):1317-20.

Sulaiman IM, Hira PR, Zhou L, Al-Ali FM, Al-Shelahi FA,
Shweiki HM, Igbal J, Khalid N, Xiao L. Unique endemic-
ity of cryptosporidiosis in children in Kuwait. ] Clin Mi-
crobiol. 2005 Jun;43(6):2805-9.

YuJR, Seo M. Infection status of pigs with Cryptosporidium
parvum. Korean J Parasitol. 2004 Mar;42(1):45-7.

Zahedi A, Lee GKC, Greay TL, Walsh AL, Blignaut DJC,
Ryan UM. First report of Cryptosporidium parvum
in a dromedary camel calf from Western Australia. Acta
Parasitol. 2018 Jun 26;63(2):422-7.

Received: November 6, 2020
Accepted: September 22, 2021
Published online: January 18, 2022


https://www.agriculturejournals.cz/web/vetmed/

	_Hlk55442763
	_Hlk55442837
	_Hlk55442711
	_Hlk55442861
	_Hlk55442644
	_Hlk55443279
	_Hlk77277217
	_Hlk77277190
	_Hlk55443081

