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Obituary: Professor Akira Ito 

Akira Ito, an emeritus professor of Asahikawa Medical University, 
passed away on 9 September 2021, at the age of 74. Prof. Ito was born in 
Sendai, Miyagi Prefecture, and completed his Bsc, Msc, and PhD degrees 
from the Graduate School of Science and Faculty of Science at Tohoku 
University. The thesis of the PhD was on the immunobiology of cestode 
infections using Hymenolepis nana. He held his research interest in 
zoonotic cestode infections throughout his academic career, which was 
started at Showa University School of Medicine (1971-1979), continued 
at Gifu University School of Medicine (1979-1998), and completed at 
Asahikawa Medical University (1998-2012). He received the Koizumi 
award of the Japanese Society of Parasitology in 2012 for the immuno- 
diagnosis of echinococcosis and cysticercosis, and was elected an Hon-
orary International Fellow of the American Society of Tropical Medicine 
and Hygiene in 2014. After retirement he continued to write scientific 
papers, even on his sickbed. A review paper entitled "Perspectives on 
intestinal tapeworm infections: An evaluation of direct and indirect life- 
cycles with a special emphasis on species of Hymenolepis" was his swan 
song (doi.org/10.1016/j.crpvbd.2021.100023). 

Prof. Ito made significant contributions to the epidemiology, diag-
nosis, and control of echinococcosis and cysticercosis in Asian countries. 
He was always particular about the rapid diagnostic tools, which are 
available even in rural areas. Many field surveys were carried out in the 
endemic areas of China, Mongolia, Thai, and Indonesia. Before con-
ducting these surveys, he made sure to discuss with local health staff, 
veterinarians, and village notables as well as researchers and medical 
professionals. Therefore, everyone involved in his survey was really 
supportive. He was not a medical doctor, but he definitely arranged for 
the patients to receive a definitive diagnosis and subsequent treatment. 
As a result, he was able to continue his survey in the same place for a 
long time. Working in such a manner made him a mentor to younger 
researchers and medical staff in the endemic areas where he worked. He 
always encouraged them to work hard and to contribute for their own 

countries by sharing his knowledge and expertise generously. He was 
also a planner in academic circles. He organized an international sym-
posium "Taeniasis/cysticercosis and echinococcosis with focus on Asia 
and the Pacific" in 2005. All specialists worldwide gathered at a meeting 
venue in Asahikawa and discussed many topics for 3 days. The contents 
of the symposium were published as a special issue of Parasitology In-
ternational 55 (2006). All colleagues will remember him through those 
episodes in his life.

Prof. Akira Ito (a photo taken in the Tibetan Plateau).   
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Coproparasitological examinations and molecular determination of Eimeria 
species in Madura cattle reared on Madura Island, Indonesia☆ 

Poedji Hastutiek a, Nunuk Dyah Retno Lastuti a, Lucia Tri Suwanti a, Agus Sunarso a, 
Endang Suprihati a, Dyah Ayu Kurniawati a, Makoto Matsubayashi a,b,* 

a Department of Veterinary Parasitology, Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia 
b Department of Veterinary Science, Graduate School of Life and Environmental Sciences, Osaka Prefecture University, Osaka, Japan   

A R T I C L E  I N F O   

Keywords: 
Eimeria 
Indonesia 
Madura cattle 
PCR 

A B S T R A C T   

Madura cattle, which are native to Indonesia and mainly kept on Madura Island, East Java, are expected to 
contribute to improving the regional meat self-sufficiency. Eimeria spp. are the most pathogenic protozoans 
among gastrointestinal parasites in livestock but no molecular surveys of Eimeria spp. in Madura cattle have been 
conducted to date. In this study, a total of 183 fecal samples were collected from Madura cattle and 60 (32.8%) 
were positive for parasites of protozoans and nematodes by the sugar floatation method. Among the samples with 
parasites, Eimeria spp. oocysts were detected in 50 samples (27.3%) with an average OPG value of 1686.1. 
Eimeria spp. were successfully identified to the species level in 26 samples with Eimeria bovis being the most 
prevalent, followed by E. zuernii and E. aubrunensis. A total of 21 samples showed mixed infection of more than 
two species of Eimeria. E. bovis and E. zuernii have been recognized as having high virulency and, thus, these 
parasites are potential sources of severe coccidiosis and the cause of infections in other cattle. Although addi-
tional studies are warranted, these results can be helpful for improving the management and productivity of 
Madura cattle.   

1. Introduction 

Infections by gastrointestinal parasites including protozoans have 
been reported in livestock worldwide. Parasitic infections are primarily 
characterized by gastroenteritic symptoms such as watery or bloody 
diarrhea, which often drastically constrain productivity, through reduced 
growth or milk yield in cattle [1–3]. Among parasites, Eimeria spp. are 
one of the significant protozoan organisms that cause coccidiosis and 
result in high morbidity and mortality, especially in calves up to 1 year 
[4]. The prevalence of gastrointestinal parasites differs by country, re-
gion and even management systems on farms. 

Although more than 12 members of genus Eimeria infect cattle [5], 
five species cause clinical symptoms such as watery or bloody diarrhea 
followed by loss of appetite, depression, dehydration, and weight loss, 
which leads to retarded growth [6]. Two species, E. bovis and E. zuernii, 
have the greatest impact due to high virulence and high mortality [6]. As 
it is sometimes difficult to identify the species of Eimeria based on oocyst 

morphology in routine fecal examinations, molecular characterization is 
necessary to accurately make identifications to the species level. 

In Indonesia, the population of 16.5 million beef cattle and 0.5 
million dairy cattle [7] is concentrated on Java Island (42.6% and 98.9% 
of beef and dairy cattle, respectively) [8]. Madura cattle are one of the 
native livestock breeds in Indonesia and are mainly raised on Madura 
Island, which is located off the northeastern coast of Java Island and 
contains four districts of East Java Province. The Madura breed is 
thought to have been developed by inbreeding Zebu (Bos indicus) and 
Banteng (Bos javanicus) and is maintained through careful genetic se-
lection [9]. This breed is reported to possess the advantages of high 
adaptivity to tropical environments, high reproductive performance, 
high meat quality, and ease of rearing owing to its small to medium size 
[10]. Recently, the Ministry of Agriculture in Indonesia launched a 
revitalization program to reduce beef imports and increase domestic 
production. Based on policies of the government, Madura cattle is listed 
as one of beef cattle breeds for supplying high-protein food commodities 
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and achieving self-sufficiency in Indonesia [11]. 
In six reports of infection of cattle by Eimeria spp. focused on Java 

Island, the prevalence of parasite infection ranged from 15.33% to 
85.07%, and differences could be observed among provinces and dis-
tricts and even depending on detection methods [12–17]. In only one of 
the published reports, identification of Eimeria spp. to species level was 
determined by molecular analysis [14]. In the one paper examining the 
prevalence of protozoan parasites, 71.4% of Madura cattle were re-
ported to be infected and Eimeria spp. accounted for 53.4% of the pro-
tozoan parasites [16], but identifications were not made to the species 
level. In the present study, we parasitologically examined the feces of 
Madura cattle and used molecular methods to identify Eimeria species in 
order to assess the potential risk of severe coccidiosis. 

2. Materials and methods 

2.1. Study areas and examined cattle 

The study areas were Kamal and Socah subdistricts of the Bangkalan 
district of Madura Island, East Java, Indonesia. In August 2019 to 
November 2020, a total of 183 fecal samples were collected from cattle 
on 50 farms in the Socah subdistrict and 22 farms in the Kamal subdistrict 
with the following breakdown of age categories: <6 months, 9 and 13, 
respectively; 6 months to 2 years, 48 and 18, respectively; and > 2 years, 
54 and 41, respectively. One to five feces samples were randomly 
collected on each farm. Most feces were normal, except for 3 diarrhea and 
5 soft ones. The collected samples were stored at 4 ◦C until analysis. 

2.2. Fecal examination 

Feces were examined by the sugar centrifugal flotation method 
[18,19]. Briefly, 1 g of fecal samples was used and centrifuged at 800 ×g 
for 5 min. After the supernatant was discarded, sugar solution with a 
specific gravity of 1.2 was added, followed by centrifugation, then the 
upper layer was placed on a glass slide. The entire smear was examined 
by light microscopy. The species of detected parasites were identified 
based on the published data [20]. 

2.3. Purification of Eimeria oocysts 

Eimeria oocysts were purified from the remaining feces (approxi-
mately 5–10 g) by the sugar flotation method as previously described 
[14]. Briefly, feces were diluted in distilled water and filtered through a 
steel mesh or gauze. After centrifugation at 800 ×g for 5 min, the sugar 
solution was added, and the sample was centrifuged at 1200 ×g for 10 
min. The Eimeria oocysts floating on the surface were recovered using a 
Pasteur pipette and washed with distilled water. The purified oocysts 
were resolved with 1–2 ml of PBS, the number of the oocysts was counted 
under a microscope after putting 15–20 μl of the solution on a slide glass, 
and OPG (oocysts per 1 g feces) values were calculated. Samples were 
stored at 4 ◦C until use in molecular identification analysis. 

2.4. Molecular identification of Eimeria spp. 

DNA of Eimeria oocysts purified as described above was extracted by 
DNAzol (Molecular Research Center, Cincinnati, Ohio, USA) according 
to manufacturer recommended protocol but with the addition of five 
freeze-thaw cycles before extraction. For identification of six Eimeria 
spp., including pathogenic species (E. bovis, E. zuernii, E. alabamensis, 
E. aubrunensis, E. ellipsoidalis, and E. cylindrica), PCR targeting the in-
ternal transcribed spacer 1 (ITS-1) region of the ribosomal RNA gene 
was carried out as reported previously [21]. PCR products were sub-
jected to electrophoretic separation on agarose gel, stained with 
ethidium bromide, and visualized on a UV transilluminator. 

3. Results and discussion 

Out of a total of 183 fecal samples examined by the sugar floatation 
method, 60 samples (32.8%) were positive for parasites of protozoans 
and nematodes. Among 72 farms surveyed, 27 of 50 farms in Socah and 
16 of 22 farms in Kamal subdistricts had positive samples, and oocysts of 
Eimeria spp. were detected in 50 fecal samples (27.3%) (Table 1) (Fig. 1). 
No age-dependent tendency could be identified in the data. The preva-
lences of Eimeria spp. in cattle of Indonesia were reported in six papers to 
date, ranging 15.33% to 85.07% [12–17], and those of Madura cattle 
were 66.0% at Socah and 88.2% at Kamal [16]. Compared to previous 
data, positivity in our study tended to be lower. Although detailed in-
formation in some reports could not be confirmed, these differences in 
prevalences might be attributable to detection methods, sampling sea-
sons, or management strategies of the farms. Especially, the feces were 
collected only from April to May as ending of rainy season in previous 
report [16] and our samples were collected in a relatively long period. 
Because it was implicated that humid climate could play an important 
role in development to infectious oocysts [22], further studies are 
needed to resolve the reason for the different prevalences including 
examined seasons such as rainy or dry ones. 

Based on designation of OPG values of 1–499, 500–5000, or more 
than 5000 as light, moderate, and high infections, respectively [23], the 
average OPG in the 50 positive samples in the present study of 1686.1 
(Table 1) and only five samples with OPG more than 5000 indicates that 
most of the examined cattle were lightly infected with Eimeria spp. 
although the OPG values could be changed during patent period of the 
infection. Additionally, because OPG values of the five soft (4 samples 
infected with E. bovis, including 3 samples with mixed infection by 
E. zuernii, and 1 sample with mixed infection by E. zuernii and 
E. aubrunensis) and three diarrhea (1 sample infected by E. bovis) fecal 
samples were 500–4000 and 7000–14,500 OPG, respectively, suggesting 
the possible link between abnormal forms of feces and Eimeria infections. 

To date, there have been only two reports of molecular investigations 
of Eimeria spp. in cattle in Indonesia and Korea [14,24]. In the present 
PCR analyses, we identified Eimeria spp. in 26 samples with E. bovis 
being the most prevalent, followed by E. zuernii and E. aubrunensis. A 
total of 21 samples appeared to be mixed infections with more than two 
species present (11; E. bovis, E. zuernii and E. aubrunensis, 6; E. bovis, 
E. zuernii, E. aubrunensis, and E. cylindrica, 4; E. bovis and E. zuernii). All 
of mixed infections contained E. bovis and E. zuernii. Generally, E. bovis 
and E. zuernii are recognized as being highly virulent. In other surveys, 
E. bovis and E. zuernii were reported to be predominant in Indonesia, 
Brazil or Nigeria based on morphology [15,25,26], and E. bovis was 
detected with high prevalence in Indonesia and Korea by PCR analysis 
[14,24]. Our results are in agreement with these previous reports. The 
remaining 23 samples could not be determined to species level. OPG in 
17 of 23 samples was less than 10, likely due to there being an insuffi-
cient number of the oocysts in feces for successful PCR amplification or 
contamination by PCR inhibitors. 

Of the other parasites, eggs of nematodes were found in 42 of 183 
fecal samples, and Oesophagostomum spp. were most frequently detec-
ted based on being identified in 26 samples (Table 2). These parasites 
were previously detected in Indonesia and the prevalences were varied 
among the studies [12–14,17]. These nematode parasites can be 
sometimes harmful in cattle due to the reduction in productivities such 
as weight gain [27]. Oocysts of Eimeria spp. were found in 32 in 42 
samples positive for nematodes. Infections of nematodes and Eimeria 
spp. are transmitted by ingestion of mature eggs and sporulated oo-
cysts, respectively, and infected animals shed newly developed para-
sites in their feces in forms that are resistant to most disinfectants and 
environmental conditions. Parasites can survive for long periods and 
are potential sources of further infection in breeding environments. 
Thus, presence of these parasites can indicate direct or indirect infec-
tion via fecal-oral routes. In our study, the age-dependency of parasite 
prevalence could not be clarified, and feces with more than 1000 OPG 
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values of Eimeria spp. were sometimes detected in the same farms (data 
not shown). Differences in age-dependent prevalence might be induced 
due to management systems of individual farms for breeding and, 
therefore, longitudinal and quantitative surveys for parasites are 

needed to evaluate the occurrence and sources of the coccidiosis and 
their productivities. 

Although the number of samples in our survey was limited, we 
showed that samples could be identified to species level for Eimeria spp. 

Table 1 
Summary of study areas, ages of cattle and Eimeria spp. identification and prevalence.  

Subdistrict 
(number of 
samples) 

Age 
category 

No. of 
cattle 
examined 

Number 
positivea 

(%) 

Average OPGb (range) Species identification by PCR analysisc Notes 

E. b E. z E. aubr E. alab E. c E. e 

Socah (111) <6 
months 

9 5 (55.6) 13.2 (1–50) 5 5 3 – 1 – Coinfected with 
two (n = 2), 
three (2) and 
four (1) species 

6 months 
to 2 years 

48 11 (22.9) 9.6 (1–50) 4 4 4 – 2 – Coinfected with 
three (2) and 
four (2) species 

>2 years 54 13 (24.1) 9.8 (1–50) 9 9 9 – 3 – Coinfected with 
three (6) and 
four (3) species 

Kamal (72) <6 
months 

13 3 (23.1) 10,166.7 (5500-14,500) 1 – – – – –  

6 months 
to 2 years 

18 12 (66.7) 3625.3 (1–15,000) 4 1 1 – – – Coinfected with 
two species (1) 

>2 years 41 6 (14.6) 1667 (1–4000) 2 2 1 – – – Coinfected with 
two species (1) 
and three 
species (1) 

Total  183 50 
(27.3%) 

1686.1 (1–15,000) 25 
(96.2%) 

21 
(80.8%) 

18 
(69.2%) 

0 (0%) 6 
(23.12%) 

0 (0%)  

E. e; Eimeria ellipsoidalis. Species-level identification was made in 26 of 50 positive samples and percentages indicate the prevalence of each species. 
among the 26 positive samples. 

a Fecal samples were examined by sugar floatation method. 
b OPG: oocysts per gram. 
c Abbreviations: E. b; Eimeria bovis, E. z; Eimeria zuernii, E. aubr; Eimeria aubrunensis, E. alab; Eimeria alabamensis, E. c; Eimeria cylindrica, 

mµ02mµ02

A B

Fig. 1. Photographs of oocyst of Eimeria sp. (A) and egg of Trichuris sp. (B) from cattle reared in the Socah subdistrict.  

Table 2 
Summary of study areas, ages and nematodes results.  

Subdistrict 
(number of 
farms) 

Age 
category 

Number of 
cattle 
examined 

Number 
positive 
(%) 

Nematodes identified (percent of total number of cattle examined) 

Oesophagos- 
tomum spp. 

Strongyloides 
spp. 

Cooperia 
spp. 

Toxocara 
vitulorum 

Trichuris 
spp. 

Mecistocirrus 
spp. 

Capillaria 
spp. 

Socah (50) <6 months 9 3 (33.3) 2 2 – – – – – 
6 months 
to 2 years 

48 3 (6.3) 2 2 – – 1 – – 

>2 years 54 13 (24.1) 6 7 – 2 1 1 1 
Kamal (22) <6 months 13 3 (23.1) 1 2 – – – – – 

6 months 
to 2 years 

18 7 (38.9) 5 2 1 – – – – 

>2 years 41 13 (31.7) 10 1 3 – – 1 – 
Total  183 42 (23.0%) 26 (14.2%) 16 (8.7%) 4 (2.2%) 2 (1.1%) 2 (1.1%) 2 (1.1%) 1 (0.5)  
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by the molecular method. Madura cattle are believed to be resistant to 
various diseases and tick infestations [10]. While resistance to gastro-
intestinal parasites remains unknown, further studies are required to 
clarify pathogenicity in local cattle herds and to improve productivity 
through improved management practices. 

Ethics statement 

All experiments were carried out without sacrificing live animals. 
Thus, ethical approval for animal experimentation was not required. All 
examinations in the field study were conducted with permission of the 
Ministry of the Environment of the Government of Indonesia. Fecal 
collection was performed in a non-invasive manner. No animals were 
sacrificed for the purpose of the field study. No human participants were 
involved in this study. 
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