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Bovine anemia due to Theileria orientalis group (BATOG) is a tick-borne disease 
(TBD) affecting cattle, with Haemaphysalis spp. as the major tick involved in disease 
transmission [1]. Unlike the lymphoproliferative Theileria species, BATOG mainly 
affects the erythrocytes (RBC) and RBC-associated parameters [2]. Clinical signs 
include weakness, abortion, fever, pallor, and elevated respiratory and heart rates 
[2]. However, few clinical cases of T. orientalis infection in cattle have been reported. 
Consequently, T. orientalis was historically considered to cause benign infection 
only [2]. Despite the minimal pathogenic effects of BATOG to the cattle, significant 
losses have been associated due to increased treatment costs, and reduced body 
weight, production, and reproductive performance, and ultimately, poor welfare 
and death [2]. BATOG is also known as ‘oriental theileriosis’ because the main vec-
tor, Asian long-horned tick, was previously thought to be endemic in East-Asian 
countries only. But in the past decade, outbreaks of BATOG have been reported in 
many countries, including several Asian and Asia-Pacific countries [2], and recently 
the United States [3]. T. orientalis is categorized onto 11 genotypes, with Chitose 
and Ikeda as genotypes that could lead to reduced health status in cattle [4]. 

In South Korea, above 95% of cattle farm are operating under non-grazed man-
agement. It is favorable for the dairy farmers as it can control outdoor conditions, 
reduce tick exposure, and enhance the milk yield volume and composition. In 
South Korea, the most studied bovine TBD was BATOG, as previous reports re-
vealed that it has the highest prevalence compared to anaplasmosis, rickettsiosis, 

This study reports the detection and genotyping of the first clinical case of bovine 
anemia due to Theileria orientalis group (BATOG) in non-grazed dairy cow in upper 
South Korea. Blood and serum tests revealed anemia and hyperbilirubinemia from ani-
mal showing clinical symptoms, and later confirmed as piroplasmosis-positive. Fol-
low-up surveillance on the herd revealed 2 asymptomatic cows with anemia. The 
three animals were confirmed theileriosis-positive and genotyping revealed the clinical 
and one of the asymptomatic cases have Chitose, while the other has Ikeda genotype. 
Clinical BATOG cases were rarely reported worldwide, and asymptomatic animals left 
untreated could serve as parasite reservoir. 
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ehrlichiosis, paralleled to theileriosis which has 69.4% to 96.0% 
prevalence in three different regions of South Korea [5], while 
babesiosis was not detected based on a recent study [6]. Recent 
reports on hematological changes in BATOG in South Korea, 
in relation to the genotypes [4], season [1], management and 
breed [5], suggests that outbreaks in the country are mainly as-
ymptomatic or subclinical cases only [5]. With regards to this, 
we report the first clinical case of BATOG in a dairy cow raised 
under non-grazed farm in the upper part of South Korea. 

In May 2019, the referring veterinarian had reported a Hol-
stein-Friesian cow, exhibiting lameness, fever, inappetence, and 
mucosal pallor (ID: AW133). These manifestations were report-
ed to have occurred for the past 2 years, with no proper diagno-
sis. The dairy farm operates under an indoor/non-grazed man-
agement, located on a hillside with bush overgrowth, on the 
outskirt of city of Pyeongtaek, Gyeonggi Province. The cow was 
45 days in milk (high milk yield period) on its fifth parity, and 
was 7 years old during the clinical manifestation. Whole blood 
and serum was collected using ethylenediaminetetraacetic acid 
and serum tubes through the tail vein, and were analyzed for 
hematology and serum biochemistry using IDEXX ProcyteDx 
and IDEXX Catalyst One (IDEXX Laboratories Inc., USA), re-
spectively. Giemsa-Wright stained blood smear was also pre-
pared for microscopy. DNA was extracted using QIAamp DNA 
kit (Qiagen, Germany). Polymerase chain reaction (PCR) assays 
were used to detect piroplasmosis (Babesia and Theileria), and 
Anaplasma marginale using specific region of piroplasm 18S 
rRNA gene [7], and Anaplasma major surface protein gene [8], 
respectively. 

Initial results showed below normal values of RBC and certain 
RBC parameters, high total bilirubin (TBil) (Table 1). Microsco-
py showed no hemoparasites, but anisocytosis was observed (Fig. 
1). The case was confirmed piroplasm-positive based on PCR 

(Fig. 1C). Then, surveillance was conducted to all the lactating 
cows from the same farm after the release of the initial results of 
AW133. A total of 40 whole blood samples were collected from 
asymptomatic lactating cattle and were tested as above. Among 
the animals, 2 (ID: AW134, AW174) showed low RBC count 
(Table 1). These were also positive for piroplasmosis, and nega-
tive for anaplasmosis. Stained blood smear also showed anisocy-
tosis, with no hemoparasite observed. To identify whether Thei-
leria or Babesia is involved (including AW133), genus-specific 
regions of 18S rRNA were PCR amplified, revealing these ani-
mals have theileriosis. To further identify the Theileria genotype, 
major piroplasm surface protein gene (mpsp) was amplified (Fig. 
1D) following published protocol [9], then sequenced for geno-
typing. Phylogenetic analysis identified the clinical and one as-
ymptomatic case as Type 1 (Chitose), while the other was identi-
fied as Type 2 (Ikeda) (Fig. 2). The infected cows were immedi-
ately treated with 1 mL 5% Buparvaquone (Butalex; MSD Ani-
mal Health, Egypt) per 20 kg body weight (intramuscular injec-
tion), twice (48-hour interval). Two weeks later, the clinical case 
recovered, and RBC returned to normal levels. 

This study reported a rare clinical case of BATOG in non-
grazed dairy cow in the upper part of South Korea, where no 
previous case was reported. The cause of the clinical presenta-
tions was unknown, therefore, a potential hemoparasitism-caus-
ing anemia and hyperbilirubinemia on AW133 was hypothe-
sized. Upon piroplasmosis confirmation, a follow-up surveillance 
on all lactating cows from the same herd was conducted. Lastly, 
the T. orientalis genotypes were identified. 

Low RBC was detected on the clinical, and on 2 asymptomat-
ic cases, indicating anemia or hemorrhage. Hemolytic anemia is 
a regenerative bone marrow response associated with hemopar-
asitism and was considered as an initial diagnosis for theilerio-
sis [3]. This is because piroplasmosis causes destruction of RBC 

Table 1. RBC count, RBC-associated parameters/indices, and TBil (AW133 only) of Theileria orientalis-infected animals and healthy 

Parameter Normal reference range* AW133 AW134 AW174 Healthy (mean ±  SD, n =  36)
RBC (M/μL) 4.47–9.35 3.32† 4.12† 4.33† 6.16 ±  0.54
HCT (%) 22.5–39.9 20.50† 21.20† 22.60 30.56 ±  2.74
HGB (g/dL) 7.4–12.8 6.50† 6.50† 7.60 10.15 ±  0.77
MCV (fL) 40.4–56.4 61.70‡ 51.50 52.20 49.74 ±  3.33
MCH (pg) 11.5–18.5 19.60‡ 17.00 17.60 16.52 ±  0.93
MCHC (g/dL) 30.2–33.5 31.70 33.00 33.60‡ 33.24 ±  0.8
RDW (%) 20.0–35.9 23.20 21.50 23.50 24.25 ±  1.82
TBil (mg/dL) 0–0.7 1.3 NA NA NA

Both clinical and asymptomatic cases have below normal levels of RBC parameters compared to the healthy (T. orientalis-negative) animals. 
RBC, erythrocyte; TBil, total bilirubin; HCT, hematocrit; HGB, hemoglobin level; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; 
MCHC, MCH concentration; RDW, red cell distribution width; NA, not available.
*Reference range based on IDEXX Procyte (IDEXX Laboratories Inc., USA), †below normal range, ‡above normal range.
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[2], linking AW133’s high TBil level. After hemolysis, hemoglo-
bin escapes into the bloodstream, binds to haptoglobulin/he-
mopexin, then taken up by macrophages/hepatocytes which 
transform it to unconjugated bilirubin. The more unconjugated 
bilirubin is produced than the liver can handle, the higher bili-
rubin values can be measured. Lawrence et al. [10] have ob-
served the same pattern of increased bilirubin in anemic T. ori-
entalis-infected cattle in New Zealand. 

The microscopy of stained-blood which showed no parasite-
mia can either be due to the early phase of infection or a recov-
ered acute infection that sustained subclinical infection, which 
are both microscopically undetectable [11]. Anisocytosis or un-
equal RBC size is a commonly observed morphological change 
of RBC in animals with regenerative anemia [10]. Oakes et al. 
[3] also observed this in cows infected with T. orientalis, along-
side the increase in TBil.  

Phylogenetic analysis of mpsp of the samples revealed that 
Type 1 and 2 were present within the farm. Previous studies 
suggested that Type 2 is the key causal genotype for clinical T. 
orientalis infection. But in a recent study, cattle with Type 1 in-
fection showed a higher number of cattle with lower RBC, com-
pared to those infected with other genotypes [4]. However, 

though RBC and RBC-related indices were lower to those that 
are non-infected, the values were still within normal range [1,5]. 
The presence of multiple genotypes in a herd is not a rare oc-
currence. Previous studies reported that vector ticks in a speci-
fied area could harbor three pathogenic genotypes of T. orienta-
lis [12], and cases of mixed infection do not always lead to a 
clinical disease [13]. 

In South Korea, subclinical BATOG was often reported in 
native beef cattle, Hanwoo [4,5], and Holstein breed were re-
ported to be more susceptible [14], but limited studies are avail-
able [1,15]. The low percentage prevalence of theileriosis ob-
served in this report could be due to the non-grazing manage-
ment, because grazing cattle are more exposed to ticks in pas-
tures. Kim et al. [5] in 2017 previously reported that theileriosis 
in grazed Hanwoo has higher prevalence (56.6%) compared to 
non-grazed (17.6%). In this study, tick was not observed on the 
infected animals. Thus, it is not definite how these animals ob-
tained BATOG, but it was presumed that vector ticks could 
have originated from the hillside bushes around the farm. Also, 
the warm weather during the transitioning of spring to summer 
in May could have also attributed in increased tick distribution, 
as during this month was reported to be the start of an increas-
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Fig. 1. Giemsa-Wright stained blood smear of infected (A), and the non-infected (B); and gel electrophoresis image for molecular detec-
tion of piroplasm (Theileria spp./Babesia spp.) 1,080-bp 18S rRNA region (C), and amplicon of 776-bp major piroplasm surface protein 
gene (mpsp) (D). (A, B) Scale bar: 10 μm.
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ing distribution of Haemaphysalis spp. in upper South Korea 
[1,16]. Furthermore, the effect of climate change on the 
re-emergence of TBDs, especially in temperate countries like 
South Korea, could have also aided on the disease incidence. 
However, due to the absence of ticks in the herd, the possibility 
of transmission via other mechanisms such as husbandry prac-
tices, transplacental and colostral transfer, are also likely, as sug-
gested by Lakew et al. [17] who investigated on endemic multi-
ple genotype infection of T. orientalis, despite limited presence 
of ticks. Additionally, the clinical manifestations of BATOG to 
AW133 could have interplayed with the weakened immunity 

Fig. 2. Maximum likelihood tree of the 11 genotypes of Theileria orientalis inferred based on the Tamura-Nei model using the mpsp gene. 
AW133 and AW134 grouped with Type 1 (Chitose), while AW174 grouped with Type 2 (Ikeda).

due to age, lactation period, and parity. These factors could con-
tribute to stress leading to immunosuppression, worsening the 
symptoms. Moreover, warm weather can also increase the patho-
genic effect of BATOG [18]. The 2 asymptomatic cases could 
have been a long-term carrier of T. orientalis and already devel-
oped immunity. 

This is the first report of a clinical case of BATOG in non-
grazed dairy cow in South Korea, specifically at the upper part 
of the country. Clinical cases of BATOG were rarely reported, 
especially in non-grazed dairy cattle, as reports in South Korea 
were subclinical manifestations only. Asymptomatic BATOG 
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cases left untreated could serve as parasite reservoir [6], which 
could lead to significant production losses, especially in non-
grazed animals confined in limited space. With the effects of 
climate change, indoor-raised animals are now becoming at 
higher risk of TBDs which were previously under control in 
non-grazing system. Farm management adaptations to TBD 
emergence, fluctuating climate, and seasonal tick control, ac-
companied with regular animal health monitoring, are efficient 
means for early prevention of the severity and spread of this 
disease. 

Acknowledgments 

This work was supported by a Research promotion program 
of Sunchon National University. 

ORCID 

Hector M. Espiritu, https://orcid.org/0000-0001-9051-1995 
Hee-Woon Lee, https://orcid.org/0000-0003-1152-3993 
Sang-Suk Lee, https://orcid.org/0000-0003-1540-7041 
Yong-Il Cho, https://orcid.org/0000-0001-7756-3416  

References 

1. Choi KS, Yu DH, Chae JS, Park BK, Yoo JG, Park J. Seasonal 
changes in hemograms and Theileria orientalis infection rates 
among Holstein cattle pastured in the mountains in the Re-
public of Korea. Prev Vet Med 2016;127:77–83. 

2. Watts JG, Playford MC, Hickey KL. Theileria orientalis: a re-
view. N Z Vet J 2016;64:3–9. 

3. Oakes VJ, Yabsley MJ, Schwartz D, LeRoith T, Bissett C, 
Broaddus C, Schlater JL, Todd SM, Boes KM, Brookhart M, 
Lahmers KK. Theileria orientalis Ikeda Genotype in Cattle, 
Virginia, USA. Emerg Infect Dis 2019;25:1653–1659. 

4. Kim S, Yu DH, Chae JB, Choi KS, Kim HC, Park BK, Chae JS, 
Park J. Pathogenic genotype of major piroplasm surface pro-
tein associated with anemia in Theileria orientalis infection in 
cattle. Acta Vet Scand 2017;59:51. 

5. Kim S, Yu DH, Kang SW, Chae JB, Choi KS, Kim HC, Park 
BK, Chae JS, Park J. Hematological changes associated with 
Theileria orientalis infection in Korean indigenous cattle. Ko-
rean J Parasitol 2017;55:481–489. 

6. Kwak D, Seo MG. Genetic diversity of bovine hemoprotozoa 
in South Korea. Pathogens 2020;9:768. 

7. Gubbels JM, de Vos AP, van der Weide M, Viseras J, Schouls 
LM, de Vries E, Jongejan F. Simultaneous detection of bovine 

Theileria and Babesia species by reverse line blot hybridiza-
tion. J Clin Microbiol 1999;37:1782–1789. 

8. Bilgiç HB, Karagenç T, Simuunza M, Shiels B, Tait A, Eren H, 
Weir W. Development of a multiplex PCR assay for simulta-
neous detection of Theileria annulata, Babesia bovis and Ana-
plasma marginale in cattle. Exp Parasitol 2013;133:222–229. 

9. Kamau J, de Vos AJ, Playford M, Salim B, Kinyanjui P, Sugimo-
to C. Emergence of new types of Theileria orientalis in Austra-
lian cattle and possible cause of theileriosis outbreaks. Parasit 
Vectors 2011;4:22. 

10. Lawrence KE, Forsyth SF, Vaatstra BL, McFadden A, Pulford 
DJ, Govindaraju K, Pomroy WE. Clinical haematology and 
biochemistry profiles of cattle naturally infected with Theile-
ria orientalis Ikeda type in New Zealand. N Z Vet J 2018;66: 
21–29. 

11. Mohammadi SM, Esmaeilnejad B, Jalilzadeh-Amin G. Molec-
ular detection, infection rate and vectors of Theileria 
lestoquardi in goats from West Azerbaijan province, Iran. Vet 
Res Forum 2017;8:139–144. 

12. Hammer JF, Emery D, Bogema DR, Jenkins C. Detection of 
Theileria orientalis genotypes in Haemaphysalis longicornis 
ticks from southern Australia. Parasit Vectors 2015;8:229. 

13. Gebrekidan H, Perera PK, Ghafar A, Abbas T, Gasser RB, Jab-
bar A. An appraisal of oriental theileriosis and the Theileria 
orientalis complex, with an emphasis on diagnosis and genetic 
characterisation. Parasitol Res 2020;119:11–22. 

14. Kim GH, Lee KK, Onuma M. Susceptibility of Theileria ser-
genti infection in Holstein cattle compared to Korean native 
cattle on Cheju island. J Protozool Res 1999;9:103–112. 

15. Park J, Han YJ, Han DG, Chae JB, Chae JS, Yu DH, Lee YS, 
Park BK, Kim HC, Choi KS. Genetic characterization of Thei-
leria orientalis from cattle in the Republic of Korea. Parasitol 
Res 2017;116:449–454. 

16. Chong ST, Kim HC, Lee IY, Kollars TM Jr, Sancho AR, Sames 
WJ, Chae JS, Klein TA. Seasonal distribution of ticks in four 
habitats near the demilitarized zone, Gyeonggi-do (Province), 
Republic of Korea. Korean J Parasitol 2013;51:319–325. 

17. Lakew BT, Kheravii SK, Wu SB, Eastwood S, Andrew NR, Jen-
kins C, Walkden-Brown SW. Endemic infection of cattle with 
multiple genotypes of Theileria orientalis on the Northern Ta-
blelands of New South Wales despite limited presence of ticks. 
Ticks Tick Borne Dis 2021;12:101645. 

18. Lawrence KE, Sanson RL, McFadden AMJ, Pulford DJ, Pom-
roy WE. The effect of month, farm type and latitude on the 
level of anaemia associated with Theileria orientalis Ikeda 
type infection in New Zealand cattle naturally infected at pas-
ture. Res Vet Sci 2018;117:233–238. 

http://orcid.org/0000-0001-9051-1995
https://orcid.org/0000-0003-1152-3993
http://orcid.org/0000-0001-7756-3416
https://doi.org/10.1016/j.prevetmed.2016.03.018
https://doi.org/10.1016/j.prevetmed.2016.03.018
https://doi.org/10.1016/j.prevetmed.2016.03.018
https://doi.org/10.1016/j.prevetmed.2016.03.018
https://doi.org/10.1080/00480169.2015.1064792
https://doi.org/10.3201/eid2509.190088
https://doi.org/10.3201/eid2509.190088
https://doi.org/10.3201/eid2509.190088
https://doi.org/10.3201/eid2509.190088
https://doi.org/10.1186/s13028-017-0318-8
https://doi.org/10.1186/s13028-017-0318-8
https://doi.org/10.1186/s13028-017-0318-8
https://doi.org/10.1186/s13028-017-0318-8
https://doi.org/10.3347/kjp.2017.55.5.481
https://doi.org/10.3347/kjp.2017.55.5.481
https://doi.org/10.3347/kjp.2017.55.5.481
https://doi.org/10.3347/kjp.2017.55.5.481
https://doi.org/10.3390/pathogens9090768
https://doi.org/10.3390/pathogens9090768
https://doi.org/10.1128/jcm.37.6.1782-1789.1999
https://doi.org/10.1128/jcm.37.6.1782-1789.1999
https://doi.org/10.1128/jcm.37.6.1782-1789.1999
https://doi.org/10.1128/jcm.37.6.1782-1789.1999
https://doi.org/10.1016/j.exppara.2012.11.005
https://doi.org/10.1016/j.exppara.2012.11.005
https://doi.org/10.1016/j.exppara.2012.11.005
https://doi.org/10.1016/j.exppara.2012.11.005
https://doi.org/10.1186/1756-3305-4-22
https://doi.org/10.1186/1756-3305-4-22
https://doi.org/10.1186/1756-3305-4-22
https://doi.org/10.1186/1756-3305-4-22
https://doi.org/10.1080/00480169.2017.1391142
https://doi.org/10.1080/00480169.2017.1391142
https://doi.org/10.1080/00480169.2017.1391142
https://doi.org/10.1080/00480169.2017.1391142
https://doi.org/10.1080/00480169.2017.1391142
https://www.ncbi.nlm.nih.gov/pubmed/28785390
https://www.ncbi.nlm.nih.gov/pubmed/28785390
https://www.ncbi.nlm.nih.gov/pubmed/28785390
https://www.ncbi.nlm.nih.gov/pubmed/28785390
https://doi.org/10.1186/s13071-015-0839-9
https://doi.org/10.1186/s13071-015-0839-9
https://doi.org/10.1186/s13071-015-0839-9
https://doi.org/10.1007/s00436-019-06557-7
https://doi.org/10.1007/s00436-019-06557-7
https://doi.org/10.1007/s00436-019-06557-7
https://doi.org/10.1007/s00436-019-06557-7
https://doi.org/10.32268/jprotozoolres.9.3_103
https://doi.org/10.32268/jprotozoolres.9.3_103
https://doi.org/10.32268/jprotozoolres.9.3_103
https://doi.org/10.1007/s00436-016-5316-7
https://doi.org/10.1007/s00436-016-5316-7
https://doi.org/10.1007/s00436-016-5316-7
https://doi.org/10.1007/s00436-016-5316-7
https://doi.org/10.3347/kjp.2013.51.3.319
https://doi.org/10.3347/kjp.2013.51.3.319
https://doi.org/10.3347/kjp.2013.51.3.319
https://doi.org/10.3347/kjp.2013.51.3.319
https://doi.org/10.1016/j.ttbdis.2020.101645
https://doi.org/10.1016/j.ttbdis.2020.101645
https://doi.org/10.1016/j.ttbdis.2020.101645
https://doi.org/10.1016/j.ttbdis.2020.101645
https://doi.org/10.1016/j.rvsc.2017.12.021
https://doi.org/10.1016/j.rvsc.2017.12.021
https://doi.org/10.1016/j.rvsc.2017.12.021
https://doi.org/10.1016/j.rvsc.2017.12.021

