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Abstract. Coccidiosis continues to be one of the most important issues in ani-
mal health and generates significant economic losses to the livestock industry in
Indonesia, specifically due toEimeria spp. Infections. Eimeria are specific to a par-
ticular host Eimeria andmulti-species infections aremore prevalent than infections
with only one species.Eimeria zuernii is one of the highly pathogenic coccidia that
is a major cause of clinical eimeriosis in livestock. This study’s objective was to
identify E. zuernii infections in Malang, East Java, Indonesian farms. The oocysts
were concentrated andpurifiedusing a fecal harvestingmethod.ThegenomicDNA
is extracted according to the instructions included with the kit. Internal transcribed
spacer-1 (ITS1) nested polymerase chain reaction (nPCR) was used to analyze a
total of 102 stool samples. Primer pairs specific to E. zuernii, as well as a stan-
dard optimum annealing temperature of 55 °C for the species, were discovered.
The samples were amplified DNA approximately 334 bp. The results indicated
that the prevalence of Eimeria spp. Was57.8% (59/102) by floatation method and
specific species, E. zuernii was 35.3% (36/102) by nPCR of cattle fecal samples
in Malang, East Java. When Eimeria species are available, the parasite spreads
widely through the group inside a couple of life cycles. A pathogenic Eimeria
species can infect cattle, thus species identification is critical. Low-infective por-
tions of highly pathogenic species can cause illness, and the productive idea of
the parasite quickly prompts high re-contamination. To increase cattle production,
eimeriosis management should be considered.
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1 Introduction

Coccidiosis continues to be one of the most important issues in animal health and gener-
ates significant economic losses to the livestock industry in Indonesia, particularly due to
Eimeria spp. Infections.Eimeria zuernii is one of the highly pathogenic coccidia that is a
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major cause of clinical eimeriosis in livestock. The disease caused by the genus Eimeria
is called eimeriosis or formerly often known as coccidiosis. Eimeria in cattle regularly
affects the strength of the host, bringing about decreased meat production in beef cat-
tle [1, 2]. Many studies have shown that under natural conditions, mixed infections of
Eimeria spp. In this case, there are 13 species of Eimeria that can infect cattle, but the
most pathogenic ones are Eimeria zuernii and Eimeria bovis. However, E. zuernii is not
well known in Indonesia, while in Europe E. zuernii is the main parasite that causes
losses in livestock [3].

E. bovis is a common parasite also found in cattle and has a worldwide distribution,
but E. zuernii has a more important economic significance. E. zuernii is more pathogenic
thanE. bovis because it causes severe diarrhea in livestock, destroys intestinal epithelium
and results in the presence of fragments of intestinal epithelial tissue found in feces.
Infections in calves can be caused by an abundance ofE. zuernii oocysts, which can result
in severe diarrhea with stools containing blood, fibrin, and intestinal tissue, decreased
appetite, decreased body weight, impaired feed conversion, dysentery, anaemia, and
increased susceptibility to other diseases [4, 5]. Chronic infection with E. zuernii can
develop in older animals, although E. zuernii mostly attack young cows. Livestock
suffer greatly from diarrhea even though the stool contains little or no blood. If in
these conditions the animal can survive, it will look very thin and dehydrated. But
unfortunately, these animals are still able to produce oocysts and act as carriers of disease
[6].

The incidence of bovine eimeriosis in Indonesia has been reported in several areas
in Indonesia [2, 3, 7, 8]. East Java is a province with the highest beef cattle population in
Indonesia, namely asmany as 4.657.457 individuals or 27.32%of the population national
[9]. Malang Regency as one of the areas in East Java has the potential large enough for
livestock population development beef cattle. Apart from agro-climatic factors, markets,
and appropriate community culture, Malang regency also has a large population of beef
cattle compared to other districts [9]. Bovine eimeriosis in east java, especially Malang
regency is need to be considered and conducted a survey of Eimeria infection in the
context of early control [10]. Ekawasti et al. [3] reported 41.5% ofEimeria spp. Infection
in East Java (Banyuwangi) bymorphological using the sugar flotationmethod and 1.04%
E. zuernii infection by PCR. Hastutiek et al. [11] reported that Eimeria spp. Oocysts
were detected 32 in 50 samples (27.3%) by sugar flotation method, and 80.8% E. zuernii
infection in cattle in Madura, east java by PCR.

The shape of sporulated oocysts has been used to identify Eimeria species [12], how-
ever other species demonstrate structural resemblance [13]. In Java, Indonesia, ribosomal
internal transcribed spacer-1 (ITS-1) was used to establish a species-specific and precise
polymerase chain reaction (PCR) test for bovine Eimeria [3]. Eimeria spp. Currently
could be identified by PCR, which is more reliable, precise, and time-productive [3].
The ITS region is extensively used for molecular phylogeny and taxonomy because it
is simple to amplify from small amounts of DNA and has a serious level of variety
across firmly related species [14–16]. The ITS-1 nested PCR examine distinguished
more Eimeria spp. From a multi-copy genomic target. The necessity for two PCR pro-
cesses increases the complexity, effort, and value of the nested test, but the enhanced
sensitivity was noticeable [17]. Therefore, molecular characterization is essential to



Molecular Detection of Eimeria Zuernii in Cattle in Malang 851

accurately assess the species, particularly using nested PCR. This study aims to identify
bovine eimeriosis high pathogen Eimeria zuernii in cattle in Malang regency, East Java,
Indonesia by nested PCR assay using ITS-1 region.

2 Materials and Methods

2.1 Ethical Approval

The studywas approved byResearch Ethics Committee, Faculty of VeterinaryMedicine,
University of Gadjah Mada, Indonesia (Nomor: 00032/EC-FKH/Int./2020).

2.2 Study Areas and Examined Cattle

The study area was Malang district, East Java, Indonesia. A total of 102 fecal samples
were collected frombeef cattle from subdistricts Karangploso and lawang. On each farm,
stool samples were obtained at random. When fecal samples were taken, no animals had
clinical signs. All samples were obtained from cow rectums, maintained in individual
plastic pouches at 4 °C until laboratory examination.

2.3 Examination of the Feces

The sugar centrifugal flotation technique was used to analyze feces [3]. Briefly, 1 g
of fecal samples was used and centrifuged at 800 × g for 5 min. After discarding the
supernatant, 10ml of sugar solution with a dry density of 1.2 was poured to the sediment,
then centrifuged at 800 g for 5 min, and the top layer was deposited on a slide. Light
microscopy 400X magnification was used to examine the whole smear.

2.4 Eimeria Oocyst Purification

Eimeria oocysts were purified using the sugar flotation technique using remaining feces
(about 5–10 g) from positive samples [3]. In a brief, feces were diluted in distilled water
and filtered through a metal mesh. After centrifuged at 800× g for 5 min, sugar solution
was added to the sediments, and water was layered on the sediments then centrifuged at
1200 × g for 10 min. The Eimeria oocysts that floated on the top of the sugar solution
were retrieved using a Pasteur pipette and rinsed three times with distilled water [3, 7,
8]. The pure oocysts were resolved in 1–2 ml of PBS, the quantity of oocysts counted,
and OPG (oocysts per 1-g feces) values estimated. Samples were stored at 4 °C until use
in molecular identification [11].

2.5 Genomic DNA Extraction

Only samples containing more than 500 OPG were chosen for analysis as mentioned
above [18]. Purified Eimeria oocysts in the amount of 400 µL were utilized. They were
frozen and thawed five times in order to extract genomic DNA [3]. Based on the QIAamp
DNA Mini Kit, 200 µL of the supernatant was utilized after centrifuged at 5400 g for 3
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min (Qiagen, Hilden, Germany). PCR targeting the internal transcribed spacer 1 (ITS-1)
region of the ribosomal RNA gene was used to identify Eimeria zuernii, as previously
described [3, 17, 19]. Thermo Scientific NanoDrop Products were used to purify and
concentrate theDNA extracts for DNAquantification, and the extracts were kept at 20 °C
until PCR analysis with the extracted as the template [2].

2.6 Nested PCR (nPCR)

The nested PCR procedure with ITS-1 primers was developed to identify Eimeria
species. In the genus-specific PCR phase, primers amplifying the complete Eimeria
ITS-1 sequence were employed, whereas species-specific primers targeting the ITS-1
region were utilized to amplify the distinct Eimeria species as previously [17, 19].

Each reaction included 100 ng/µL of templates, 10M each of genus-specific primers
for genus common 348–546 bp in a 25µL reaction mixture (forward-GCA AAA GTC
GTAACACGGTTTCCG, and reverse-CTGCAATTCACAATGCGTATCGC). 0.5
µL of MyTaq HS DNA polymerase, 200 µM each of dNTPs,1.5 mM MgCl2 and 5 µL
of 5X MyTaq Reaction Buffer (Bioline, UK). An initial denaturing phase at 95 °C for 3
min was followed by 35 cycles at 95 °C for 1 min, 55 °C for 1 min, 72 °C for 2 min, and a
final extension at 72 °C for 5min. Each test contained negative, no-template controls that
used distilled water in place of the template. Gel electrophoresis in 1.5% agarose gels
(UltraPure™ Agarose product, Invitrogen) stained with SYBR® Safe DNA Gel Stain
(Thermo Fisher Scientific, Finland) at 100 V was used to confirm the amplification of
certain nested PCR products. The bands were seen using a UV transilluminator. The
primary PCR product (1.0 µl in 25.0 µl reaction mixture) was utilized as layout for
the nested PCR with species-specific primers for Eimeria zuernii were: F: 5´-AAC ATG
TTTCTACCCACTAC-3´, R: 5´-CGATAAGGAGGAGGACAAC-3´with expected
item size 344 bp [3, 19] in individual tubes utilizing a similar enhancement condition
depicted above [17].

3 Results

3.1 Fecal Examination

Out of a total of 102 fecal samples for Malang regency examined by the sugar floatation
method, 59 samples (35.3%) were positive for Eimeria spp. And 36 samples in 59
samples positive Eimeria spp. (57.8%) were positive Eimeria zuernii infection (Table
1). Although in the positive Eimeria spp. Sample there was mixed infection between
species, this study only analysed the percentage of infection the most pathogenic bovine
eimeria, E. zuernii.

3.2 PCR Amplification

Eighteen samples from 36 purified samples containing oocysts of more than 500 oocysts
per gram (OPG) were continued to the DNA isolation stage and then performed nested
PCR. The initial stage of PCR amplification is to analyze the purity and concentration
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Table 1. Research regions and findings for Eimeria spp. In Malang regency, East Java, Indonesia

Subdistric Jumlah sample Examination

Floatation method Purification nPCR* (10mg/ul)

Karangploso 46 32 32 18

Lawang 56 27 27 18

Total 102 59 (57,84%) 59 36 (35.30%)

*Eimeria positive sample purified≥ 500OPG for isolationDNA, and≥ 10mg/µl for amplification
requirement

Fig. 1. Nested PCR using ITS-1 primer of E. zuernii (334 bp)

of DNA, where the minimum requirement for DNA purity is 1–2 (ideally 1.8–2). Mean-
while, the concentration of DNA for DNA profiling is 20 g/ml [20]. In this study, the
results of DNA purity by nanodrop from existing samples showed between 1,069 g/µl
and 1,265 g/µl (data not shown), so that the DNA purity requirements to proceed to the
PCR amplification stage were met so that it could be used in identification. Pure DNA
from Eimeria zuernii was used to optimize nested PCR using the ITS-1primer. Specific
PCR amplicons of E. zuernii (334 bp) were visualised (Fig. 1).

4 Discussion

Bovine eimeriosis is a disease that is very feared by cattle farms because it can cause huge
losses. Identification of bovine eimeriosis has been carried out in Indonesia by several
researchers in various regions, especially in the areas of beef cattle breeding centers [10].
East Java is a province with the highest population of beef cattle in Indonesia, Malang
Regency as one of the regions in East Java has a large potential for developing beef
cattle population. Malang Regency also has a large beef cattle population compared to
other districts [9]. This potential needs to be supported by various aspects, one of which
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is animal health management. The management of young cattle under a year old needs
to be monitored and improved so that production declines as a result of high pathogen
Eimeria spp. Infection, including Eimeria zuernii, may be avoided. [10].

In addition to helpingwith illness diagnosis, accurate identification ofEimeria spp. is
crucial for managing subclinical infections, creating and implementing efficient control
measures, and conducting biological and epidemiological research [10, 21]. The mor-
phological characteristics of oocysts, parasite biology, clinical symptoms in the infected
animals, and the typical macroscopic lesions determined after necropsy have historically
been used to identifyEimeria spp. [22]. However, mixed infections ofmanyEimeria spp.
Are frequently seen in natural settings, and morphological traits and pathological alter-
ations may overlap, trying to make correct diagnosis difficult and reducing the ability
to identify subclinical illness [3, 17, 22]. Therefore, it has been advised that these tech-
niques shouldn’t be employed alone to distinguish between Eimeria species. Although
recognized as the “gold standard” of detection for many infections, PCR tests capable of
recognizing and distinguishingEimeria spp. Have been available for more than 20 years.
However, this technique has not yet replaced conventional coccidia diagnostics [23].

Use of PCR has been hampered by characteristics of eimerian biology such as the
oocyst wall’s resilience to all but mechanical destruction, access to template DNA being
restricted, and PCR being inhibited by the surrounding feces. Very few research has
focused on the usability of these approaches for identifying Eimeria spp., despite the
fact that variousPCR tests have beendeveloped to identify particularEimeria species [13,
24, 25]. Using Eimeria oocysts enriched by flotation in saturated sugar and performing
a freeze thaw 5 times to break up the oocyst walls greatly increased the sensitivity of the
PCR [3].

Purification of oocysts in positive samples of Eimeria spp. to obtain pure oocysts.
The number of oocysts was determined after the purified oocysts were resolved in 1–2ml
of phosphate-buffered saline (PBS). DNAwas extracted from isolates containing 10,000
oocysts/ml in the referenced method [11]. High accuracy when starting with over 500
oocysts per gram (OPG) in (the equivalent of 25 oocysts per PCR from the beginning
of the protocol) [17]. The samples with 500 OPG or less at the start of the procedure
were chosen for additional Eimeria species identification tests, however those with less
than 500 OPG were treated to be less sensitive for PCR-based species identification
[18]. It was observed that 20 oocysts of each species were insufficient for PCR-based
species identification [3]. Although the test worked well with pure genomic DNA, it
decreased a part of its sensitivity and variety of identification of species when used
with the typical field samples [25]. Early identification of bovine Eimeria species is
importance for effective control of clinical and subclinical eimeriosis. This can be done
with PCR molecular tests which can detect quickly and accurately, especially nested
PCR which is more sensitive and specific [3, 7, 8]. Contrary to standard parasitological
methods, these methods need time and knowledge, both of which are becoming more
and more costly and limited [24].

In the present PCR analyses, we identified Eimeria spp. in 59 samples by floatation
method then remaininng sample purified. After counting the number of oocysts, only
36 samples with oocyst content ≥ 500 OPG. Hence, PCR was performed on only 36
samples containing oocysts according to amplification requirements to identifyE. zuernii
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by nested PCR analysis. All of 36 sample nested PCR assay were positive for E. zuernii
(35.30%). No age-dependent tendency could be identified in this data.

Nested-PCR process allows to reduce contamination product during amplification
of unneeded primers. Two sets primer is used to support this method, the second set
amplifies the target second during the first process. The target DNA sequence from a set
primers called inner primers are stored between the target sequences of the second set
of the primer which is known as the outer primary. In practice, the first reaction of PCR
using the outer primer, then the second PCR reaction was carried out with inner primer
or nested primer using the result of the reaction product first as amplification target.
Nested primer will blend with the product The first PCR and produces a shorter product
than the first product [26]. Applying the ITS-1 nested PCR test previously published
by Lew et al. [27] led to the discovery of additional Eimeria spp. Multi-copy genomic
targets and a nested PCR approach. The nested test is more complicated, takes longer,
and more costly because of the two PCR processes required, but the increased sensitivity
was noticeable. Prevalence ofEimeria spp. in cattle of Indonesia reported in six papers to
date of 15.33% to 85.07% [12–17] and in Madura cattle of 66.0% at Socah and 88.2% at
Kamal reported by Hastutiek et al. [16] bymorphological observation. These differences
in prevalence might be attributable to different area, sampling season, detection method,
or management strategies of the farms.

To date, there has not been much use of molecular biological techniques to distin-
guish between different species of bovine eimeria, but by offering protocols that support
their economical, reliable, and simple application with an easy-to-interpret output, both
developed and developing regions may benefit more from their use. The techniques
outlined here may be created and included into standard livestock management and vet-
erinary surveillance as the cost of PCR tools and reagents continues to decline [17]. We
demonstrated that samples may be recognized to species level for Eimeria zuernii by
the molecular approach nested PCR despite the small number of samples in our survey.

The farms in the study locations are typically built on tiny plots of land, and family
groups handle management tasks like removing waste and clean enclosures. Cattle are
often raised in groups of two to four in stalls that are easily transferable between farms
[3, 10]. As a result, there may be an increased risk of infection and oocyst transmission
in the area where cattle are kept.

5 Conclusion

The presence of Eimeria oocysts can be, typically, detected through a parasitological
test using the floatation method. The floatation method in this study showed that 57,84%
(59/102) samples were positive for Eimeria. However, this approach can only be provid-
ing information up to genus levels hence requires alternatives that serve more specific
identification. Molecular methods such as nested PCR (nPCR) is a method that was able
to specifically identify the species in the interspecies mixture of DNA. In this study,
nPCR using species-specific primer ITS-1 is seen to be recognizing the species of Eime-
ria, specifically. This method enables us to demonstrate that up to 35.30% (36 out of 102)
of ourMalang-origin samples wereE. zuerniiwhich suggested thatE. zuernii had spread
in Malang. Owing to the high pathogenicity of the E. zuernii, detection and evaluation
of endemicity of the species among livestock in Indonesia is of paramount importance.



856 F. Ekawasti et al.

Acknowledgement. This studywas partially funded by Indonesia Research Center for Veterinary
Science, Indonesian Agency for Agricultural Research and Development, Ministry of Agriculture
(No. 1806.208.052.D).

References

1. Lopez-Osorio S, Villar D, Failing K, Taubert A, Hermosilla C, Chaparro-Gutierrez JJ. Epi-
demiological survey and risk factor analysis on Eimeria infections in calves and young cattle
up to 1 year old in Colombia. Parasitol. Res. ( Internet). 2020 Jan (cited 2022 June 15);119(1):
255–266. Available from: https://pubmed.ncbi.nlm.nih.gov/31760498/

2. Ekawasti F, Nurcahyo RW, Nashrulloh MF, Priyowidodo D, Prastowo J. Development
of a multiplex polymerase chain reaction technique for detection and discrimination
of Eimeria spp. in cattle in Indonesia. Vet World (Internet). 2022 Apr (cited 2022 June
15);15(4):975–980. Available from: https://pubmed.ncbi.nlm.nih.gov/35698511/

3. Ekawasti F, Nurcahyo W, Wardhana AH, Shibahara T, Tokoro M, Sasai K, Matsub-
ayashi M. Molecular characterization of highly pathogenic Eimeria species among beef
cattle on Java Island, Indonesia. Parasitol Int (Internet). 2019 Oct (cited 2022 June
15);72(101927):1–7. Available from: https://www.sciencedirect.com/science/article/abs/pii/
S1383576919300297?via%3Dihub

4. Rehman TU, Khan MN, Sajid MS, Abbas RZ, Arshad M, Iqbal Z, Iqbal A. Epidemiology
of Eimeria and associated risk factors in cattle of district Toba Tek Singh, Pakistan. Parasitol
Res. (IInternet).2011 May (cited 2022 June 15);108(5):1171–7. Available from: https://pub
med.ncbi.nlm.nih.gov/21110042/

5. Koutny H, Joachim A, Tichy A, BaumgartnerW. Bovine Eimeria species in Austria. Parasitol
Res. (Internet). 2012 May (cited 2022 June 15);110(5):1893–901.Available from: https://pub
med.ncbi.nlm.nih.gov/22167365/

6. Peek SF, Mcguirk SM, Sweeney RW, Cummings KJ. Infectious Diseases of the Gastroin-
testinal Tract. Rebhun’s Diseases of Dairy Cattle. (Internet). 2018 Feb (cited 2022 June 15)
;(1):249–356. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152230/

7. Ekawasti F, Nurcahyo RW, Firdausy LW, Wardhana AH, Sawitri DH, Prastowo J, Priy-
owidodo D. Prevalence and risk factors associated with Eimeria species infection in cattle
of different geographical regions of Indonesia. Vet World.(Internet).2021 Sep( cited 2022
June 15);14(9):2339–2345.Available from: http://www.veterinaryworld.org/Vol.14/Septem
ber-2021/7.html

8. Ekawasti F, Nashrulloh MF, Nurcahyo RW, Priyowidodo D, Prastowo J, Firdausy LW. Devel-
opment of nested duplex PCR assays for detection of pathogen Eimeria species in cattle in
Papua, Indonesia. In Proceedings of the 2nd International Conference on Tropical Wetland
Biodiversity and Conservation - IOP Conf. Series: Earth and Environmental Science, Banjar-
masin, Indonesia. (Internet). 24 October 2021 (cited 2022 June 15). Available from: https://
doi.org/10.1088/1755-1315/976/1/0

9. BPS. Produksi daging sapi menurut provinsi 2007–2018. Badan Pusat Statistik; Jakarta,
Indonesia, 2018.

10. Ekawasti F, Wardhana AH. Coccidiosis Disease in Cattle in Indonesia and Development of
Diagnostic Techniques. WARTAZOA (Internet).2019 sept (cited 2022 June 15);29(1):133–
144. Available from: https://www.researchgate.net/publication/338773456_Co

11. Hastutiek P, Lastuti NDR, Suwanti LT, Sunarso A, Suprihati E, Kurniawati DA,Matsubayashi
M. Coproparasitological examinations and molecular determination of Eimeria species in
Madura cattle reared on Madura Island, Indonesia. Parasitol Int. (Internet).2022 Feb (cited
2022 June 15);86(102478): 1383–5769. Available from: https://pubmed.ncbi.nlm.nih.gov/
34626806/

https://pubmed.ncbi.nlm.nih.gov/31760498/
https://pubmed.ncbi.nlm.nih.gov/35698511/
https://www.sciencedirect.com/science/article/abs/pii/S1383576919300297?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21110042/
https://pubmed.ncbi.nlm.nih.gov/22167365/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152230/
http://www.veterinaryworld.org/Vol.14/September-2021/7.html
https://doi.org/10.1088/1755-1315/976/1/0
https://www.researchgate.net/publication/338773456_Co
https://pubmed.ncbi.nlm.nih.gov/34626806/


Molecular Detection of Eimeria Zuernii in Cattle in Malang 857

12. Daugschies A, Najdrowski M. Eimeriosis in cattle: current understanding. J Vet Med B Infect
Dis Vet Public Health. (Internet).2005 Dec( cited 2022 June 15);52(10):417–27. Available
from: https://pubmed.ncbi.nlm.nih.gov/16364016/

13. Haug A, Thebo P, Mattsson JG. A simplified protocol for molecular identification of Eimeria
species in field samples. Vet Parasitol. (Internet).2007 May 15 (cited 2022 June 15);146(1–
2):35–45. Available from: https://pubmed.ncbi.nlm.nih.gov/17386979/

14. MoARI, Livestock and Animal Health Statistic, ed; Ministry of Agriculture Republic
Indonesia; jakarta, Indonesia, 2018.

15. MoARI. The Statistical Book on Livestock and Animal Health, Livestock and Animal Health
Statistics, Directorate General of Livestock and Animal Health Service, ed.; Ministry of
Agriculture Republic Indonesia; jakarta, Indonesia, 2017.

16. MoARI. Rencana strategis dan kebijakan pembangunan peternakan nasional menuju
swasembada daging, ed.; Ministry of Agriculture Republic Indonesia; jakarta, Indonesia,
2011.

17. Kumar S, Garg R,Moftah A, Clark EL,Macdonald SE, Chaudhry AS, Sparagano O, Banerjee
PS, Kundu K, Tomley FM, Blake DP. An optimised protocol for molecular identification of
Eimeria from chickens. Vet Parasitol. ( Internet). 2014 Jan (cited 2022 June 15);199(1–2):24–
31.Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858809/

18. Bhaskaran MS, Venkatesan L, Aadimoolam R, Tirunelveli Jayagopal H, Sriraman R.
Sequence diversity of internal transcribed spacer-1 (ITS-1) regionofEimeria infecting chicken
and its relevance in species identification from Indian field samples. Parasitol Res. (Inter-
net).2010 Jan (cited 2022 June 15);106(2):513–21. Available from: https://pubmed.ncbi.nlm.
nih.gov/20012096/

19. Kawahara F, Zhang G, Mingala CN, Tamura Y, Koiwa M, Onuma M, Nunoya T. Genetic
analysis and development of species-specific PCR assays based on ITS-1 region of rRNA in
bovine Eimeria parasites. Vet Parasitol.( Internet). 2010 Nov ( cited 2022 June 15);174(1–
2):49–57.Available from: https://pubmed.ncbi.nlm.nih.gov/20817404/

20. Yustinadewi PD, Yustiantara PS, Narayani P. Mdr-1 Gene 1199 Variant Primer Design Tech-
niques In Pediatric Patient Buffy Coat Samples With Lla. Jurnal Metamorfosa, Journal of
Biological Sciences.( Internet). 2018 March (cited 2022 June 15);5(1):105–111.Available
from: https://ojs.unud.ac.id/index.php/metamorfosa/article/view/38861

21. Lee SH, Kim HY, Lee H, Kim JW, Lee YR, Chae MJ, Oh SI, Kim JH, Rhee MH, Kwon OD,
Goo YK, Kim TH, Geraldino PJL, Kwak D. Eimeria species in cattle with diarrhoea in the
Republic of Korea regarding age, season and nature of diarrhoea. Vet Rec. (Internet).2018 Oct
(cited 2022 June 15);183(16):504–512.Available from: https://pubmed.ncbi.nlm.nih.gov/302
42082/

22. Gadelhaq SM, Arafa WM, Aboelhadid SM. Molecular characterization of eimeria species
naturally infecting egyptian baldi chickens. Iran J Parasitol.( Internet). 2015 Jan-Mar (cited
2022 June 15);10(1):87–95. Available from: https://pubmed.ncbi.nlm.nih.gov/25904950/

23. Olano JP, Walker DH. Diagnosing emerging and reemerging infectious diseases: the piv-
otal role of the pathologist. Arch Pathol Lab Med. (Internet).2011 Jan (cited 2022 June
15);135(1):83–91. Available from: https://pubmed.ncbi.nlm.nih.gov/21204714/

24. Carvalho FS, Wenceslau AA, Teixeira M, Matos Carneiro JA, Melo AD, Albuquerque GR.
Diagnosis of Eimeria species using traditional and molecular methods in field studies. Vet
Parasitol. (Internet). 2011Mar. (cited 2022 June15);176(2–3):95–100.Available from: https://
pubmed.ncbi.nlm.nih.gov/21167646/

25. Frölich S, Farhat J, Wallach M. Designing strategies for the control of coccidiosis in chickens
on poultry farms using modern diagnostic tools. Rep. Parasitol. (Internet).2013 Jan (cited
2022 June 15); 3(1):1–10. Available from: www.researchgate.net/publication/234106513

https://pubmed.ncbi.nlm.nih.gov/16364016/
https://pubmed.ncbi.nlm.nih.gov/17386979/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858809/
https://pubmed.ncbi.nlm.nih.gov/20012096/
https://pubmed.ncbi.nlm.nih.gov/20817404/
https://ojs.unud.ac.id/index.php/metamorfosa/article/view/38861
https://pubmed.ncbi.nlm.nih.gov/30242082/
https://pubmed.ncbi.nlm.nih.gov/25904950/
https://pubmed.ncbi.nlm.nih.gov/21204714/
https://pubmed.ncbi.nlm.nih.gov/21167646/
http://www.researchgate.net/publication/234106513


858 F. Ekawasti et al.

26. Green MR, Sambrook J. Nested Polymerase Chain Reaction (PCR). Cold Spring Harb Pro-
toc. (Internet) 2019 Feb (cited 2022 June 15); 2(1):175–179. Available from: https://pubmed.
ncbi.nlm.nih.gov/30710024/

27. Lew AE, Anderson GR, Minchin CM, Jeston PJ, Jorgensen WK. Inter- and intra-strain vari-
ation and PCR detection of the internal transcribed spacer 1 (ITS-1) sequences of Australian
isolates of Eimeria species from chickens. Vet Parasitol. (Internet).2003 Feb( cited 2022 June
15);112(1–2):33–50.Available from: https://pubmed.ncbi.nlm.nih.gov/12581583/

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

https://pubmed.ncbi.nlm.nih.gov/30710024/
https://pubmed.ncbi.nlm.nih.gov/12581583/
http://creativecommons.org/licenses/by-nc/4.0/

	Molecular Detection of Eimeria Zuernii in Cattle in Malang, East Java, Indonesia by Nested-PCR
	1 Introduction
	2 Materials and Methods
	2.1 Ethical Approval
	2.2 Study Areas and Examined Cattle
	2.3 Examination of the Feces
	2.4 Eimeria Oocyst Purification
	2.5 Genomic DNA Extraction
	2.6 Nested PCR (nPCR)

	3 Results
	3.1 Fecal Examination
	3.2 PCR Amplification

	4 Discussion
	5 Conclusion
	References


