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Abstract
This pilot study aimed to investigate the effects of regional and seasonal variations on 
the prevalence of Theileria orientalis and the hematological profile of non-grazed dairy 
cows in Korea. A total of 365 clinically healthy lactating Holstein Friesian cows from 26 
dairy farms in 7 provinces that were categorized into northern, central, and southern re-
gions were sampled during the warm period from July to August and the cold period 
from October to December. The detection of T. orientalis major piroplasm surface protein 
gene and the hematology non-grazed dairy cows were analyzed using peripheral blood 
samples. The T. orientalis prevalence was 20.0% (73/365). The prevalence in the south-
ern region was 35.9%, which was significantly higher than that in the central (21.6%) 
and northern (12.9%) regions (P<0.05). The prevalence during warm period was higher 
(43.0%) than that during the cold season (13.5%). The infected cows showed signifi-
cantly lower erythrocyte counts in the southern region (5.8±0.6 M/µl) and during the 
warm period (5.8±0.7 M/µl) compared with those in the central and northern regions 
and during the cold season, which affected the extended RBC parameters, including 
hematocrit and hemoglobin concentrations. Our findings revealed the prevalence of T. 
orientalis in Korea, highlighting its high occurrence during warm periods and in certain 
geographical regions. Climatic factors could contribute to the health and productivity of 
cattle, as evidenced by the prevalence of T. orientalis and its negative impact on ani-
mals.
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Introduction

The influence of climate change due to significant alterations in geophysical and meteoro-
logical conditions has become more evident in the past few decades. Rising global temper-
atures have resulted in unpredictable weather patterns and catastrophic events that have a 
major impact on the socioeconomic status of all countries [1]. Such repercussions not only 
affect the quality of food, air, and water, but also induce changes in vector ecology and eco-
systems, affecting various industries, human settlements, and agricultural sectors, such as 
crop and animal production systems [2]. One of the consequences of climate change that 
affects the health of both humans and animals is the emergence and reemergence of vec-
tor-borne diseases (VBDs), alongside the increasing geographical distribution of vectors, 
especially insects and ticks [3]. Previous studies have shown that increasing global temper-
atures due to climate change, particularly in temperate and polar regions, provide a more 
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suitable environment for the survival of vectors, particularly ticks [3]. Thus, this may result 
in the spread of tick-borne diseases (TBDs) that may affect both domesticated and wild 
animals [4].
 Theileria orientalis is a tick-borne parasite (TBP) that impairs the health and production of 
farm animals, especially cattle [5]. It is mainly transmitted by the Asian long-horned tick Hae-
maphysalis longicornis, which is widely distributed in many certain regions, such as Asian 
countries [6-10], Australia [11], and New Zealand [12], and has also been recently reported in 
the USA [13]. Since T. orientalis proliferates as piroplasms within red blood cells (RBCs), its 
main pathological effect is hemolytic anemia [14]. Symptoms, such as weakness, lameness or 
recumbency, inappetence, mucosal pallor, jaundice, and hyperthermia, have been observed 
in a few clinical cases [15,16]. Previous studies on T. orientalis have revealed that, unlike the 
lymphoproliferative Theileria species, i.e., Theileria annulata and Theileria parva, which cause 
lethal and morbid tropical or Mediterranean theileriosis and West Coast disease, it usually 
causes subclinical manifestations, which is why it is classified as “benign theileriosis” [15]. 
However, more recent data revealed that this TBP could cause major economic damages due 
to increased treatment costs, reduced productivity and fertility, poor welfare, and even death 
of affected animals [15,17,18].
 Korea is a temperate Asian region facing the risk of notable shifts in climatic conditions 
[19,20], placing it at a high risk of dynamic VBD outbreaks. This has led to numerous studies 
in Korea assessing the prevalence of TBDs in livestock and wild animals, indicating that vari-
ous TBPs, particularly T. orientalis, are prevalent in certain regions of Korea [10,21-23]. The 
influence of climatic factors, such as latitude and season, on the health of livestock, particu-
larly dairy cattle infected with T. orientalis, has not been extensively studied across Korea. 
The aim of this study is to conduct a nationwide pilot study to assess the effects of regional 
and seasonal variations on the prevalence of T. orientalis and its impact on the hematological 
profile of non-grazed, clinically healthy, lactating dairy cows in Korea.

Materials and Methods

Ethics statement and sample collection
This study prioritized the welfare of the animals. All procedures and examinations were care-
fully conducted to minimize potential discomfort or harm to the animals. Qualified veteri-
narians and personnel ensured the well-being of the cattle included in this study. The farm 
owners were briefed on and consented to the study objectives. Necessary measures were tak-
en to minimize harm during examinations, data were treated confidentially, and the results 
were presented transparently to advance cattle welfare.
 The animals in this study were obtained from 26 dairy herds operating an all-year-round 
indoor non-grazing management system in 7 provinces in Korea. A veterinarian clinically as-
sessed all cows during regular farm checkups; the enrolled animals presented with no clinical 
symptoms during the sampling period. A total of 365 lactating Holstein Friesian dairy cows 
were randomly selected for blood collection. A veterinarian collected the samples according 
to the ethical standards for animal care and handling. Peripheral blood was drawn via coccy-
geal venipuncture and collected in tubes treated with ethylenediaminetetraacetic acid (EDTA) 
for whole blood analysis. The samples were transported to the laboratory in an insulated box 
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with coolant packs and immediately used for hematological analysis and the molecular detec-
tion of T. orientalis.
 The provinces from which the samples were collected were selected by latitudinal regions: 
northern region (Gyeonggi and Gangwon Provinces), central region (Chungbuk, Chun-
gnam, and Gyeongbuk provinces), and southern region (Gyeongnam and Jeonnam prov-
inces) (Fig. 1A). Sampling was conducted from July to December 2020, which was divided 
into 2 periods: the warm period or summer season (from July to August) and the cold peri-

Fig. 1. The regions of Korea categorized based on their latitudinal location (A). The graph shows the 
population size per region (outer pie) and the overall prevalence of T. orientalis in Korea (inner pie). 
The regional prevalence of T. orientalis (B) and its prevalence during the cold and warm seasons (C). 
The significant difference between each group is indicated by asterisk (*).

A 

B 

C 
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od or autumn season (from late October to late December).

Hematological profile analysis
The peripheral blood samples were subjected to complete blood count (CBC) analysis. 
However, some samples were excluded from analysis due to blood coagulation. A total of 
207 peripheral blood samples in good condition were used for CBC analysis. Field blood 
samples should be tested within 48 h of collection to prevent inaccurate measurements 
[24]. Using an automated hematology analyzer (ProCyteDx, IDEXX Laboratories, West-
brook, ME, USA), the following CBC parameters were measured: RBCs and their parame-
ters and indices, i.e., hematocrit (HCT), hemoglobin (HGB), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin con-
centration (MCHC); and white blood cells (WBCs) and their differential counts, i.e., neu-
trophils (NEU), lymphocytes (LYM), monocytes (MON), eosinophils (EOS), basophils 
(BAS), and platelets (PLT).

Molecular detection of T. orientalis piroplasm
DNA was extracted from the peripheral blood samples stored in EDTA or heparinized tubes 
using Promega DNA isolation kits (Promega, Madison, WI, USA) in accordance with the 
standard protocol for blood extraction to detect T. orientalis piroplasm. DNA concentration 
and purity were assessed using a NanoDrop spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA). Molecular detection was performed using PCR amplification of the 
major piroplasm surface protein (mpsp) of known T. orientalis genotypes with the following 
primer sequences: MPSP-Forward (5,-CTTTGCCTAGGATACTTCCT-3,) and MPSP-Re-
verse (5,-ACGGCAAGTGGTGAGAACT-3,) [11]. In brief, a 20 µl reaction composed of 10 
µl PCR premix (Bioneer Corp., Daejeon, Korea), 1 µl of each primer, 1 µl of the DNA sample, 
and 7 µl of sterile distilled water was prepared. The thermal cycling parameters were as fol-
lows: 5-min initial denaturation at 95°C; 30 cycles of 1-min denaturation, 1-min annealing, 
1-min extension at 95°C, 58°C, and 72°C; and a 5-min final extension at 95°C. The presence 
of other TBPs, such as Babesia spp. and Rickettsiales, including Rickettsia spp., Ehrlichia spp., 
and Anaplasma spp., were detected in the peripheral blood samples using PCR and the Ac-
cuPower Babesia PCR kit and Rickettsiales 3-plex PCR kit (Bioneer Corp.) respectively, to 
rule out the potential effects of other TBPs on the blood profile of the animals. By confirming 
their absence, we could specifically attribute any observed effects on the blood parameters to 
T. orientalis infection, minimizing the confounding factors from other TBPs.

Statistical analysis
The prevalence between regions and season were compared using Pearson’s chi-square and 
Fisher’s exact tests. The differences in the means of CBC parameters between infected and 
non-infected cows, regions, and seasons were compared using one-way analysis of variance 
at 5% level, followed by the Tukey–Kramer (Honest Significant Difference) test. The analy-
ses were performed using the Statistical Analysis Software (SAS 9.4).
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Results

Of the screened TBPs, only T. orientalis was detected in the sampled populations. The over-
all prevalence of T. orientalis among cows was 20.0% (Fig. 1A), with 73.1% of farms being 
affected by the infection. Significant differences in T. orientalis prevalence (P< 0.05) were 
observed among different regions. The highest prevalence was found in the southern re-
gion (35.9%, 23/64), followed by the central (22.0%, 27/123), and northern (12.9%, 23/178) 
regions (Fig. 1B). Additionally, a significant difference in the prevalence between seasons 
was observed, with the warm period showing a higher prevalence (43.0%) than the cold 
period (13.5%) (P< 0.05) (Fig. 1C).
 Significant differences were observed in several hematological parameters between T. 
orientalis-infected and non-infected cows (Table 1). Compared with non-infected cows, 
the infected dairy cows presented with lower RBC, HCT, and HGB values and higher 
MCV and MCH values.
 The hematological profile revealed significant differences in certain CBC parameters be-
tween T. orientalis-infected and non-infected dairy cows in Korea as categorized by latitudinal 
region (Table 2). Within the normal range, significant variations were observed in the RBC, 
HCT, HGB, MCV, MCH, and PLT values, whereas the WBC count and its differentials re-
mained unaffected. Moreover, the infected groups per region showed significantly lower RBC 
counts than the non-infected group. Specifically, the infected groups from the central and 
southern regions showed lower values than the infected cows from the northern region. A 
similar trend was observed for HCT, with modest differences observed between the infected 
and non-infected cows in the northern and central regions. In contrast, the lowest HCT levels 
were observed in the infected group from the southern region. Although no significant differ-
ences were observed in the HGB values between the infected and non-infected groups within 

Table 1. Comparison of the complete blood count parameters of T. orientalis-infected and non-in-
fected non-grazing dairy cows

Parameters (unit) Normal reference 
range† Infected (n = 64) Non-infected 

(n = 142) P-value

RBC (M/µl) 4.5–9.4 5.9±0.7 6.4±0.5 < 0.001
HCT (%) 22.5–39.9 29.2±3.3 30.7±3.2 0.002
HGB (g/dl) 7.4–12.8 9.6±1.1 9.9±1.0 0.044
MCV (fl) 40.4–56.4 50.6±4.5 48.7±4.1 0.003
MCH (pg) 11.5–18.5 16.8±1.3 16.2±1.3 0.003
MCHC (g/dl) 30.2–33.5 33.1±0.9 33.2±1.0 0.448
WBC (K/µl) 2.7–17.8 11.6±4.0 11.6±4.9 1.000
NEU (K/µl) 0.7–7.0 5.2±2.0 4.8±1.4 0.096
LYM (K/µl) 1.2–10.6 4.1±2.2 4.4±3.1 0.436
MONO (K/µl) 0.02–2.2 1.9±1.2 1.9±1.2 0.687
EOS (K/µl) 0.0–1.2 0.5±0.3 0.5±0.4 0.720
BASO (K/µl) 0.0–0.04 0.02±0.03 0.02±0.02 0.241
PLT (K/µl) 147.0–663.0 363.5±251.1 325.9±118.1 0.145

Parameters with a P-value lower than 0.05 are considered significantly different.
RBC, Red blood cells; HCT, Hematocrit; HGB, Hemoglobin; MCV, Mean corpuscular volume; MCH, Mean cor-
puscular hemoglobin; MCHC, Mean corpuscular hemoglobin concentration; WBC, White blood cells; NEU, 
Neutrophils; LYM, Lymphocytes; MON, monocytes; EOS, Eosinophils; BAS, Basophils; PLT, Platelets.
†Reference standard based on IDEXX Procyte DX.
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all regions, a comparison between the regions revealed significantly lower HGB levels in the 
central and southern regions than in the northern region. No significant differences in the 
MCV values between the regions were observed, except in the southern region, where a sig-
nificant difference was observed between the infected and non-infected groups. The MCH 
values exhibited a similar pattern, but the infected group from the northern region showed 
significantly higher MCH than the non-infected group from the southern region did. The in-
fected group showed higher PLT levels in the central region, whereas no consistent pattern 
was observed in the other groups.
 Seasonal variations in the hematological parameters between the infected and non-in-
fected groups are summarized in Table 3. Among the groups, the group infected in the 
warm period exhibited significantly lower RBC values, whereas this parameter did not dif-
fer significantly in other comparisons. The HCT values were the lowest in the infected 
group during the warm period, although this difference was only significant when com-
pared with the non-infected group. No significant differences were observed between the 
infected and non-infected groups during the cold period. With regard to the HGB values, 
no significant differences were observed between the infected groups. However, the infect-
ed group presented with the lowest HGB values during the warm period compared with 
both groups during the cold period. The infected animals showed higher MCV and MCH 
values than the non-infected animals in both seasons did, albeit at modest levels. The 
MCHC values exhibited an erratic pattern, indicating no consistent differences. These find-
ings revealed the influence of seasons on the hematological parameters among the infected 
and non-infected groups, with notable variations in the RBC and HCT values as observed 

Table 2. Changes in hematological parameters between T. orientalis-infected and non-infected with regards to latitudinal regions of  
Korea

Parameters 
(unit)

Normal reference 
range†

Northern Central Southern

Infected 
(n = 15)

Non-infected 
(n = 47)

Infected 
(n = 26)

Non-infected 
(n = 63)

Infected 
(n = 23)

Non-infected 
(n = 32)

RBC (M/µl) 4.5–9.4 6.3±0.6b 6.7±0.4a 5.7±0.8c 6.1±0.5b,c 5.8±0.6c 6.4±0.6a,b

HCT (g/dl) 22.5–39.9 31.6±3.9a,b 32.3±2.6a 28.6±2.9c,d 29.6±3.1b,c,d 28.3±2.7d 30.7±3.1a,b,c

HGB (%) 7.4–12.8 10.5±1.2a 10.3±0.9a 9.3±1.1b 9.7±1.0a,b 9.4±1.0b 9.9±1.1a,b

MCV (fl) 40.4–56.4 50.8±3.8a,b 49.3±4.5a,b 50.1±3.4a,b 48.8±4.0a,b 51.2±6.0a 47.6±3.5b

MCH (pg) 11.5–18.5 16.8±1.0a 16.4±1.4a,b 16.5±1.1a,b 16.2±1.3a,b 17.0±1.8a 15.7±1.0b

MCHC (g/dl) 30.2–33.5 33.2±0.9 33.2±1.0 33.0±0.7 33.3±0.8 33.2±1.0 33.1±1.1
WBC (K/µl) 2.7–17.8 12.2±5.9 11.3±4.9 10.9±3.5 11.5±5.1 12.0±3.0 12.4±4.2
NEU (K/µl) 0.7–7.0 4.9±1.9 4.8±1.4 5.3±2.1 4.6±1.6 5.2±1.9 4.9±1.2
LYM (K/µl) 1.2–10.6 4.6±2.9 4.1±3.2 3.8±2.0 4.3±3.3 4.1±1.9 5.0±2.9
MON (K/µl) 0.02–2.2 2.2±1.7 1.9±1.3 1.6±0.9 1.9±1.2 2.0±1.1 2.1±1.2
EOS (K/µl) 0.0–1.2 0.5±0.4 0.5±0.5 0.4±0.2 0.6±0.4 0.6±0.4 0.4±0.3
BAS (K/µl) 0.0–0.04 0.03±0.05 0.02±0.02 0.02±0.02 0.02±0.02 0.02±0.02 0.02±0.02
PLT (K/µl) 147.0–663.0 300.6±91.1b 340.0±93.9a,b 436.7±359a 308.4±123.0a,b 321.7±133.8a,b 339.7±137.5a,b

Data are presented in mean with standard deviation (±SD), and sample size in parenthesis. Different superscript letters signify significant difference 
(P < 0.05).
RBC, Red blood cells; HCT, Hematocrit; HGB, Hemoglobin; MCV, Mean corpuscular volume; MCH, Mean corpuscular hemoglobin; MCHC, Mean corpus-
cular hemoglobin concentration; WBC, White blood cells; NEU, Neutrophils; LYM, Lymphocytes; MON, monocytes; EOS, Eosinophils; BAS, Basophils; 
PLT, Platelets.
†Reference range based on IDEXX Procyte. 
a-dMean values with different symbol denotes statistical difference. 
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during the warm period. However, the HGB, MCV, MCH, and MCHC values showed less 
pronounced differences among the groups.

Discussion

This is the first nationwide report on the prevalence of T. orientalis among non-grazed lac-
tating dairy cows in Korea. The 20.0% prevalence of this T. orientalis infection recorded in 
this study was higher than that in previous regional studies in the country. For example, an 
earlier study reported that Holstein cattle in a farm in Jeolla Province, Korea, had a T. orien-
talis infection rate of 13.2% during the non-grazing period [25], whereas a more recent 
study in Gyeongsang province revealed a T. orientalis infection rate of 4.2% among indoor-
raised Holstein cattle [10]. The high prevalence of T. orientalis is considered a potential 
threat to the dairy cattle industry in Korea, as it has been observed to cause significant loss-
es in other dairy industries [17].
 The prevalence of T. orientalis in relation to the 2 climatic factors, latitudinal region and 
season, was analyzed. Our findings showed that a higher prevalence of T. orientalis was re-
corded in regions that were closer to the equator. Since it is predicted that the southern re-
gions of Korea are subject to warmer temperatures and higher weather variations than the 
northern regions [19], the tick distribution could be more prevalent because of the more 
favorable warm habitat [26]. This finding is similar to that of a study conducted in New 
Zealand from 2012 to 2013, where the prevalence of bovine anemia due to Theileria-asso-
ciated anemia was significantly higher in cattle herds on North Island, which experiences 
subtropical weather during the summer, than in those on South Island [27]. A study con-
ducted on Holstein cattle raised on Jeju Island, the southernmost province of Korea, re-

Table 3. Changes in hematological (CBC) parameters between T. orientalis-infected and non-infected with regards to season in Korea 

Parameters (unit) Normal range†
Warm Cold

Infected (n = 49) Non-infected (n = 72) Infected (n = 15) Non-infected (n = 70)

RBC (M/µl) 4.5–9.4 5.8±0.7b 6.3±0.5a 6.2±0.7a 6.5±0.5a

HCT (g/dl) 22.5–39.9 28.6±2.8b 30.1±2.7a,b 31.2±4.3a 31.4±3.5a

HGB (%) 7.4–12.8 9.4±0.99c 9.7±0.9b,c 10.4±1.3a 10.2±1.1a,b

MCV (fl) 40.4–56.4 50.4±4.8a,b 48.3±3.7b 51.5±3.2a 49.2±4.5a,b

MCH (pg) 11.5–18.5 16.7±1. 4a,b 15.9±1.1b 17.0±0.9a 16.5±1.3a,b

MCHC (g/dl) 30.2–33.5 33.1±0.8a,b 32.9±0.9b 33.1±1.0a,b 33.5±1.0a

WBC (K/µl) 2.7–17.8 11.3±3.2 12.2±4.7 12.7±6.1 11.1±5.00
NEU (K/µl) 0.7–7.0 5.1±1.6 4.9±1.4 5.5±2.8 4.6±1.4
LYM (K/µl) 1.2–10.6 3.9±1.9 4.6±3.2 4.4±3.0 4.2±3.1
MON (K/µl) 0.02–2.2 1.8±1.0 2.2±1.4 2.1±1.7 1.7±1.0
EOS (K/µl) 0.0–1.2 0.5±0.3 0.4±0.3 0.5±0.3 0.6±0.5
BAS (K/µl) 0.0–0.04 0.02±0.02 0.02±0.02 0.03±0.05 0.02±0.02
PLT (K/µl) 147.0–663.0 382.2±281.7 332.8±118.7 302.2±79.3 318.9±117.8

Data are presented in mean with standard deviation (±SD), and sample size in parenthesis. Different superscript letters signify significant difference 
(P < 0.05).
RBC, Red blood cells; HCT, Hematocrit; HGB, Hemoglobin; MCV, Mean corpuscular volume; MCH, Mean corpuscular hemoglobin; MCHC, Mean corpus-
cular hemoglobin concentration; WBC, White blood cells; NEU, Neutrophils; LYM, Lymphocytes; MON, monocytes; EOS, Eosinophils; BAS, Basophils; PLT, 
Platelets.
†Reference range based on IDEXX ProcyteTM. 
a-dMean values with different symbol denotes statistical difference. 
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vealed a notably high prevalence of T. orientalis (96.2%) compared with their counterparts 
raised on the mainland, although the sampled animals were reported to graze from spring 
to autumn [9].
 The prevalence of T. orientalis in Korea was significantly higher during the warm period 
(43.0%) than during the cold period (13.5%). This finding is partly consistent with that of 
an earlier study in which T. orientalis was detected only during the summer [10]. This is 
because invertebrate ectotherm vectors, such as ticks and insects, have better survival rates 
in warmer environments than in cooler environments [3]. A previous study showed that 
the highest distribution of nymph and adult stages of H. longicornis in different tick habi-
tats in the northern part of Korea occurred during the summer [28]. In contrast, a study in 
2016 reported higher T. orientalis infection rates among Holstein Friesian cows during the 
non-grazing period in November (4/15) than in August (0/10). However, the population 
size in our study was larger, and the seasonal categories had longer periods [25]. It should 
be noted that the sampling in previous study was conducted on a single farm that practiced 
rotational grazing and non-grazing [25]. It has not been determined how the non-grazed 
animals were infected with T. orientalis because tick surveillance was not conducted. The 
proximity of farms to tick habitats, such as bush overgrowth, mountainsides, and paddy 
fields, could be associated with TBP transmission as TBP transmission also depends on 
vector ecology and landscape structure [16,29,30]. Furthermore, other factors, such as sus-
tained subclinical infection, host immunity and susceptibility, and other transmission 
routes, such as importation and vertical transmission, could have influenced the TBP 
transmission [18].
 The evaluation of hematological parameters in dairy cows infected with T. orientalis re-
vealed notable alterations in the RBC, HCT, HGB, MCV, and MCH values, which were 
specifically observed in the southern region based on the latitudinal region. Thus, these 
findings suggest a significant influence of the southern latitudinal region on the RBC count 
and its associated parameters in T. orientalis-infected cattle. Moreover, these findings are 
consistent with those of previous studies, which emphasized the impact of season and lati-
tudinal regions on these hematological parameters that can contribute to increased disease 
severity [25]. However, the resultant changes in the MCV and MCH values indicate that T. 
orientalis infection in the southern regions could lead to lower RBC levels and cause a 
higher rate of regenerative response against anemia, thus generating higher levels of these 
parameters [31].
 Regarding the seasonal variations in RBC parameters, the T. orientalis-infected animals 
during the warm season exhibited significantly low RBC, HCT, and HGB values, which re-
veals that the combination of T. orientalis infection and the warm season may affect the 
physiological status of cattle, leading to the deterioration of the RBC profile. Moreover, the  
moderate increase observed in the MCV and MCH parameters during the cold season 
among the infected animals could indicate a regenerative response in these animals, possi-
bly resulting from previous hemolytic anemia caused by T. orientalis during the summer 
[31]. The observed differences in the MCV and HGB concentration compared which those 
in the normal group further confirm this hypothesis.
 Changes in the peripheral blood profile of cattle due to warm ambient temperatures in 
the low latitudinal region and during the warm season could be attributed to the interplay 
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between T. orientalis infection and heat stress. Since the southern regions of temperate Asia 
more likely experience tropical monsoon climates, heatwave-related illnesses are projected 
to have a high occurrence [20]. Rising temperatures cause heat stress, negatively affecting 
livestock health and reducing productivity and fertility [32]. Moreover, the increasing 
number of vector ticks infesting animals in the lower regions with warmer habitats, as well 
as hot weather during the warm season, might cause a higher infection rate, which then af-
fects the blood parameters. However, this was disproven in a previous study on Babesia 
spp. [33]. Further research is needed to determine whether tick infestation intensity affects 
T. orientalis infection levels.
 Theileria orientalis primarily affects RBCs in cattle showing no significant effects on 
WBCs or PLTs, a pattern that is consistently observed in previous studies [25,34]. Monitor-
ing RBC-associated parameters in regions and seasons with a high prevalence of TBDs is 
essential. Notably, hematological changes observed occurred in asymptomatic animals, 
with values falling within the normal range. It is crucial to recognize that even asymptom-
atic cases of T. orientalis infection can result in unquantified losses in dairy cows, as ob-
served in a earlier study [17]. Its potential impact on milk production needs to be further 
investigated. Subclinical infections may progress to clinical cases under additional stresses, 
such as parturition, lactation, or other factors that compromise the cows’ immune system 
[11,16]. Furthermore, if undetected and left untreated, asymptomatic animals can act as 
reservoirs for TBP, potentially transmitting the disease to more susceptible animals through 
established routes [35]. 
 Our findings revealed a higher prevalence of T. orientalis in the southern region and 
during the warm season in Korea. Although the clinically healthy animals exhibiting nor-
mal CBC parameters, our study revealed a modest yet statistically significant reduction in 
RBC parameters, particularly among infected animals in the southern region and during 
the warm season. This confirms the importance of adopting disease management strate-
gies to address climate-driven disease dynamics, expanding disease vectors, and changing 
regional risks. Subclinical infections might impaire health in the affected animals. The 
studies on the productivity impact of subclinical T. orientalis infection in dairy cattle is lim-
ited. Further research is warranted to investigate this aspect to enhance our understanding 
of the economic implications and aid in developing targeted management strategies. 
 In conclusion, this study emphasizes the importance of comprehensive disease manage-
ment strategies that encompass both clinical and subclinical cases, recognizing subclinical 
carriers as potential reservoirs for disease transmission as well as the economic implica-
tions, such as reduced productivity and the risk of disease spread, even in subclinical infec-
tions.
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