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ABSTRACT. This study aimed to elucidate the epidemiological status of hemoplasma infection
and investigate the interaction between Theileria orientalis and hemoplasmas in Japanese

Black breeding cows raised in the Kyushu and Okinawa regions. Blood samples were collected
from 400 cows from 80 different farms in eight prefectures (five samples per farm and 10 farms
per prefecture). Mycoplasma wenyonii (Mw), “Candidatus Mycoplasma haemobos” (CMh), and

T. orientalis were examined by polymerase chain reaction (PCR) assay using whole blood samples.
PCR results showed that 91.5% (366/400) of cows were positive for bovine hemoplasma: 40.3%
were infected with Mw only, 9.5% with CMh only, and 41.8% with both species. T. orientalis was
detected in 36% (144/400) of cows. The infection rate of T. orientalis was higher in the grazing

J. Vet. Med. Sci. group (P<0.001) than in the housed group, while the rate of CMh infection was higher (P<0.05)
83(1): 9-16, 2021 in the housed group than in the grazing group, suggesting that not only the tick but also

other arthropod vectors may contribute to hemoplasma transmission. Although the cows with
hemoplasma dual infection showed higher (P<0.05) white blood cell counts compared with
hemoplasma-negative cows, there was no difference in hematologic parameters related to the
anemia between the hemoplasma-positive and -negative animals. This may indicate that Japanese
Black cattle could have resistance to the anemia caused by infection with hemoplasma.
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Hemotropic mycoplasmas (hemoplasmas) are uncultivable and cell wall-less organisms that attach to erythrocytes in a variety of
mammalian species, such as pigs, cattle, horses, cats, and dogs [1, 12]. Mycoplasma wenyonii (Mw) [14] and a provisional species
“Candidatus Mycoplasma haemobos” (CMh) [8, 25] have been recognized as major hemoplasma species in cattle. The majority
of Mw infections remain subclinical, but fever, anemia, and edema of the scrotum and hind limbs were reported in a bull infected
with Mw [13]. In dairy heifers, Mw has been associated with swollen teats and distal portions of the hind limbs, prefemoral
lymphadenopathy, transient fever, rough coat, decreased milk production, and subsequent weight loss and reproductive inefficiency
[22]. On the other hand, CMh has recently been discovered in Japan using molecular methods such as polymerase chain reaction
(PCR) and sequencing techniques [25]. The effect of CMh infection on the hematologic parameters might be stronger than that of
Mw infection [26]. Thus, the clinical importance of hemoplasma infection in cattle is still controversial.

The epidemiology of bovine hemoplasma remains poorly understood, but possible transmission routes may include vectors, such
as lice, flies, and mosquitoes [23]; hard ticks [21]; and blood-sucking flies [10]; or across the placenta [5, 10, 19].

Recently, grazing on mountain slopes, foot-hills, and abandoned agricultural land has been promoted for the purpose of labor-saving,
low-cost production, and improved feed self-sufficiency rate in Japanese Black cattle [6], while the practice of pasturing cattle is
associated with a high risk of contracting theileriosis [34] or hemoplasmosis [21]. Therefore, the preventive measures for these disease
are of great concern in grazing feeding system. The both bovine hemoplasmas have been distributed worldwide, and the prevalence of
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their infections has been evaluated in the northern part of Japan, such as
in Hokkaido [26, 28, 29], Iwate [20], and Miyagi [16] prefectures, but
the study in the southern part of Japan is limited [3]. The beef breeding
cow population in the Kyushu and Okinawa regions represents 896.9
thousand animals or 36% of the total beef breeding cow population in
Japan. Almost all cattle previously examined were Holstein—Friesian
dairy cows in Japan, and thus, little information is available on
hemoplasma infection in Japanese Black cattle. Coinfections have
been demonstrated with Anaplasma marginale, A. phagocytophilum, Nagasaki
and Babesia and Theileria spp. [9]. Although the disease often is
subclinical, coinfection with other hemotropic infectious agents has
been suggested to increase the pathogenicity and clinical significance
of bovine hemoplasmosis [11]. Conversely, Tagawa et al. [30] observed
interference between 7. orientalis and hemoplasmas in grazing Holstein
cattle, and there is no report concerning Japanese Black cattle.

Accordingly, this study aimed to elucidate the epidemiological status
of hemoplasma infection and investigate the interaction between T
orientalis and hemoplasmas in Japanese Black breeding cows raised
in the Kyushu and Okinawa regions.
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MATERIALS AND METHODS Kagoshima
Samples Fig. 1. Location of sample collection in Kyushu and Oki-
The 10 farms per prefecture that raised >5 adult Japanese Black nawa region, southern part of Japan (modified from elec-
breeding cows were chosen randomly in eight prefectures of the Kyushu tronic map of Geospatial Information Authority of Japan).

and Okinawa regions (Fig. 1). Blood samples anticoagulated with

ethylenediaminetetraacetic acid dipotassium salt dihydrate (EDTA-2K)

were collected from five clinically normal cows (age range, 1-16 years)

per farm. Thus, 400 samples were collected in total between February 2018 and January 2019. The living condition (whether the cows
experienced grazing or were housed in a barn year-round) was recorded by the veterinarians. Hematologic parameters, including white
(WBC) and red (RBC) blood cell counts, hemoglobin (HGB) concentration, hematocrit (HCT), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration, and platelet (PLT) count, were measured using
an automated hematology analyzer (pocH-1001V; Sysmex Corp., Kobe, Japan; PCE-210N; Erma Inc., Tokyo, Japan; MEK-6550 and
MEK-6458 Celltac a; Nihon Kohden Corp., Tokyo, Japan). Fifteen of 400 samples were analyzed only for HCT by the microhematocrit
method. The remaining blood samples were stored at —40°C until use for PCR assay. All protocols were approved by the Animal
Ethics Committee of the University of Miyazaki (Approval No. 2018-06-26-Z21).

Detection of M. wenyonii and “Candidatus Mycoplasma haemobos”

Direct PCR was conducted by the method of Tagawa et al. [27]. The primer pair F2 (5'-ACGAAAGTCTGATGGAGCAATA-3")
and R2 (5'-ACGCCCAATAAATCCGRATAAT-3") amplify 16S rRNA genes of the hemoplasma. The expected amplicons of Mw
and CMh were 193 and 170 base pairs (bp), respectively [25].

Detection of T. orientalis

DNA was extracted from 200 ul whole blood by MagLEAD 12gc (Precision System Science Co., Ltd., Chiba, Japan)
according to the manufacturer’s instructions. PCR was conducted by the methods of Ota et al. [17]. A 776 bp DNA fragment
from the major piroplasm surface protein (MPSP) gene of T. orientalis was amplified by PCR with the primers MPSP-F
(5'-CTTTGCCTAGGATACTTCCT-3") and MPSP-R (5'-ACGGCAAGTGGTGAGAACT-3').

Sequence analysis of the 16S rRNA gene

Blood samples from cows that were singly infected with Mw or CMh and were born and raised in each prefecture were used
for phylogenetic analysis. Genomic DNA was extracted from whole blood as described previously. To determine the longer 16S
rRNA gene sequence (approximately 1,500 bp) of Mw and CMh, two PCRs were conducted by the method of Tagawa et al. [25]
with some modifications using the following two primer sets: D1 (5'-AGAGTTTGATCCTGGCTCAG-3') and R2, and F2 and
Rp2 (5'-ACGGCTACCTTGTTACGACTT-3’). After confirming the specific amplification of each target gene by 2% agarose gel
electrophoresis, the PCR products were cut from agarose gel and purified using a QIAquick Gel Extraction kit (Qiagen, Tokyo,
Japan). The nucleotide sequences were determined directly from the PCR fragment in a PCR-based reaction using an ABI BigDye
3.1v (Applied Biosystems, Tokyo, Japan) and analyzed with a 3130 DNA sequencer (Applied Biosystems). ClustalW [32] was used
to align the 16S rRNA gene sequence.

A phylogenetic tree was constructed using the neighbor joining method [18], and the topology of the tree was evaluated by
1,000 bootstrap trials with the sequence boot program in MEGA-X. The 16S rRNA gene sequence of MW (AY 946266, AF016546,
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DQ641256, AY769937, FJ375309, MF377464, KX171205, EU367963, EU367964, MG948624, M(G948626, and EF221880),
M. ovis (AF338268), “Candidatus Mycoplasma haematoparvum” (AY383241), M. suis (U88565), M. haemomuris (U82963),
M. haemocanis (AF407208), M. coccoides (AY 171918), M. haemofelis (U88563), CMh (EF460765, EF616467, EU367965,
MG948631, and MG948628), and M. pneumoniae (M29061) were obtained from the National Center for Biotechnology
Information database.

Statistical analysis

All statistical analyses were conducted using SAS (Version 9.4, SAS Institute, Inc., Cary, NC, USA). The following variables
were compared using the ? test: prefecture, living condition, age, and Theileria infection. The rates of Theileria infection between
grazing and housed groups and between the hemoplasma-positive and -negative groups were also compared by the ¥ test. The
Mann—Whitney U test was conducted to analyze hematologic findings. P<0.05 was considered statistically significant.

RESULTS

Hemoplasma was detected in 366 of the 400 (91.5%) blood samples: 161 (40.3%) were positive for Mw only and 38 (9.5%) for
CMh only, whereas 167 (41.8%) showed dual infection. The remaining 34 cows were hemoplasma negative. 7. orientalis was detected
in 144 (36%) blood samples. Although no geographic difference in hemoplasma infection rate was noted among eight prefectures,
significant differences were noted in the rates of Theileria infection (P<0.001) and animals that experienced grazing (P<0.001; Table
1). The prefectures with higher grazing rates tended to show higher Theileria infection rates except for Miyazaki prefecture.

The grazing and housed groups included 138 and 262 cows, respectively. The Theileria infection rate in the grazing group
(68.1%; 94/138) was significantly higher (P<0.001) than that in the housed group (19.1%; 50/262). Concerning living condition,
only CMh-positive rate was higher (P<0.05) in the housed group than that in the grazing group (Table 2). An association between
hemoplasma infection rate and age was found with significant differences in only Mw-(P<0.001), Mw + CMh-(P<0.001), and
the total hemoplasma-positive groups-(£<0.001). Cows 1 to 4 years old showed the lowest infection rate and the rate increased
with increasing age in only Mw-positive group. In contrast, cows 1 to 4 and 5 to 7 years old showed the highest infection rates in
Mw + CMh and the total hemoplasma-positive group, respectively, and the rates tended to decrease with increasing age. The only
Mw infection rate was higher in the Theileria-positive cows (52.1%; P<0.001) than in the Theileria-negative animals (33.6%).
Conversely, the dual infection rate in the Theileria-positive cows (33.3%; P<0.05) was lower than that in the Theileria-negative
animals (46.5%).

Table 3 shows the Theileria infection rate in the hemoplasma-positive and -negative groups. The Theileria infection rate in only
Mw-positive group was higher (46.6%; P<0.05) compared with hemoplasma-negative group (23.5%).

The hematologic values in the hemoplasma-positive and hemoplasma-negative groups are compared in Table 4. The mean
values of all parameters were within their reference ranges. Cows with hemoplasma dual infection had a higher (P<0.05) WBC
count compared with hemoplasma-negative cows. In Theileria-infected and uninfected cows, there was no significant difference
in hematologic values between the hemoplasma-positive and -negative groups. The data were shown in Table 5. Additionally, the
comparison of hematologic values between the Theileria-positive and -negative groups was shown in Table 5. In Theileria-positive
group, the WBC (P<0.01), HCT (P<0.05), MCV (P<0.01), and PLT (P<0.01) values of the only Mw-positive cows were higher
than those in Theileria-negative group. The lower (P<0.05) RBC and HGB values, higher (P<0.01) WBC, and higher (P<0.05) PLT
values were shown in only CMh-, Mw + CMh-positive, and hemoplasma-negative cows, respectively, in Theileria-positive group
compared with Theileria-negative group.

The results of phylogenetic tree analysis based on the nucleotide sequences of the 16S rRNA gene are shown in Fig. 2. The close
evolutionary relationship between eight Mw isolates (N11, K5, F23, KG40, M42, S39, 042, OKS) and those from China, Japan
(Hokkaido), Mexico, Turkey, the United States, the United Kingdom, and Cuba was confirmed. The sequences obtained from eight
CMh isolates (M43, S27, 026, KG29, OK13, N19, F35, K11) were closely related to those from Switzerland, Cuba, China, and
Japan (Hokkaido).

Table 1. Numbers and percentages of cows infected with hemoplasma and Theileria and grazing in each prefecture

Organisms/ No. of PCR-positive and grazing cows (%)

living condition Fukuoka Saga Nagasaki Kumamoto  Oita Miyazaki Kagoshima Okinawa P-value*
Hemoplasma

Only Mw 16 (32) 18 (36) 22 (44) 29 (58) 16 (32) 15 (30) 22 (44) 23 (46) 0.07

Only CMh 8 (16) 5(10) 4(8) 2 (4) 6(12) 4(8) 5(10) 4(8) 0.66

Mw + CMh 20 (40) 19 (38) 17 (34) 17 (34) 26 (52)  28(56) 20 (40) 20 (40) 0.23

Total hemoplasma 44 (88) 42 (84) 43 (86) 48 (96) 48 (96) 47 (94) 47 (94) 47 (94) 0.18
Theileria 4(8) 11 (22) 30 (60) 37 (74) 36 (72) 1(2) 22 (44) 3(6) <0.001
Grazing 0 (0) 5(10) 45 (90) 20 (40) 31(62) 20 (40) 17 (34) 0(0) <0.001

Mw, M. wenyonii; CMh, “Candidatus Mycoplasma haemobos”. *P-value: comparison of each infection rate and the rate of cattle that experienced
grazing among eight prefectures by the y? test.
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Table 2. Sample prevalence of bovine hemoplasma infection according to living  Table 3. Sample prevalence of Theileria infection ac-

condition, age, and Theileria infection cording to hemoplasma infection
PCR results (% PCR results (%
Vari Total (%) Variable izl —(o) P-value*
ariable number Only Mw  Only CMh  Mw + CMh Total hemoplasma number  Theileria positive
positive positive positive positive Hemoplasma
Living condition Only Mw 161 75 (46.6) <0.05
Grazing 138 61 (44.2) 7(5.1) 55(39.9) 123 (89.1) Only CMh 38 13 (34.2) 0.32
Housed 262 100 (38.2) 31(11.8) 112 (42.7) 243 (92.7) Mw + CMh 167 48 (28.7) 0.54
P-value* 0.24 <0.05 0.58 0.22 Total hemoplasma 366 136 (37.2) 0.11
Age (years) Negative 34 8(23.5) -
1-4 124 32(25.8) 10(8.1)  77(62.1) 119 (96.0)

Mw, M. wenyonii; CMh, “Candidatus Mycoplasma haemobos”.

57 101 37(36.6)  13(12.9) 49 (48.5) 99 (98.0) *P_value: comparison of Theileria positive rate between the
8-10 96 47 (49.0) 9094 26 (27.1) 82(85.4) hemoplasma-positive and negative groups by the y? test.
>11 79 45 (57.0) 6(7.6) 15 (19.0) 66 (83.5)
P-value® <0.001 0.58 <0.001 <0.001
Theileria infection
Positive 144 75(52.1) 13(9.0) 48 (33.3) 136 (94.4)
Negative 256 86(33.6) 25(9.8) 119 (46.5) 230 (89.8)
P-valuet <0.001 0.81 <0.05 0.11

Mw, M. wenyonii; CMh, “Candidatus Mycoplasma haemobos”. *P-value: comparison of
living condition in each hemoplasma group by the %> test. TP-value: comparison of age
groups in each hemoplasma group by the ¥ test. $P-value: comparison of Theileria-positive
and Theileria-negative in each hemoplasma group by the ? test.

Table 4. Comparison of hematologic values between hemoplasma-positive and negative groups

PCR results
Parameter = = = :
Only Mw positive (n) Only CMh positive (n)  Mw + CMh positive (n) Negative (n)

WBC (x10% pl) 86.5+35.0 (155) 81.7+259(37) 86.0 + 34.2* (160) 77.4+38.3(33)
RBC (x10% ul) 718.2+131.5 (155) 745.6 £142.9 (37) 735.6 £ 138.3 (160) 723.6 £157.9 (33)
HGB (g/dl) 11.9+£2.7 (155) 11.9+2.4(37) 11.9 £ 2.6 (160) 12.2+£3.1(33)
HCT (%) 33.9+7.1(161) 343 +£6.3(3%8) 34.1£6.8(167) 343 +£8.4(34)
MCYV (fl) 474 +4.6 (155) 46.3+4.5(37) 46.8 £4.9 (160) 48.0 6.2 (33)
MCH (pg) 16.6 = 1.8 (155) 16.0 £ 1.7 (37) 16.2 £ 1.9 (160) 16.9 £ 1.7 (33)
MCHC (g/dl) 352 +£3.9(155) 34.7+£3.537) 34.9 +£3.7 (160) 35.6+4.1(33)
PLT (x10* ul) 61.3+£105.7 (155) 45.6 +£83.5 (37) 46.4+71.2 (160) 29.8 £15.0 (33)

Mw, Mycoplasma wenyonii; CMh, “Candidatus Mycoplasma haemobos”; WBC, white blood cell; RBC, red blood cell; HGB,
hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular
hemoglobin concentration; PLT, platelet. Data are expressed as mean + SD. *Significantly differs from the value in hemoplasma-
negative group at P<0.05.

DISCUSSION

The total hemoplasma infection rate found in our study was 91.5% and was higher than rates reported in Hokkaido (22.3%
[26], 64.7% [29], and 89.2% [28]) and Miyagi prefecture (71.6%) [16], which were located in the northern part of Japan. Fujihara
et al. [3] reported a higher hemoplasma infection rate in the western part of Japan (Miyazaki, 93.8%) compared to Hokkaido and
Miyagi prefecture and suggested that the geographic difference in morbidity might be due to the activity of arthropod vectors for
hemoplasma transmission. Jersey cows showed a higher proportion of CMh-positive animals compared to Holstein cows [5]. Since
blood samples were collected mainly from Holstein—Friesian cows in Hokkaido [26, 28, 29] and dairy and beef herds in Miyagi
prefecture [16], the difference in cattle breeds may affect the prevalence of hemoplasma infection besides the geographic difference.
Tagawa et al. [28] reported that 35.5% of cows were infected with MW only, 19.4% with CMh only, and 34.4% with both species.
Similar findings were observed in our study. In contrast, Niethammer ez a/. [15] found that 56.59% of Simmental cows were
positive for CMh, while 8.54% and 4.88% were positive for Mw or mixed infections, respectively. The difference in the prevalence
of the single species may be due to the difference in climate, which could favor vector-borne transmission, breed susceptibility,
housing system (barn vs. pasture), or the age of animals [15].

Lice, flies, and mosquitoes [23]; hard ticks [21]; and blood-sucking flies [10] have been considered as vectors of bovine
hemoplasma, while the tick is the main vector of 7. orientalis [33] and the infection rate increased after grazing [17]. In this study,
although the cows that experienced grazing showed a higher Theileria infection rate compared to the housed animals, the CMh
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Table 5. Comparison of hematologic values between Theileria-positive and negative groups

Sample Parameter PCR results
Only Mw positive (n) Only CMh positive (n)  Mw + CMh positive (n) Negative (n)

Theileria-positive ~ WBC (x10? pul) 99.8 £ 38.5%* (69) 82.5+19.9(12) 103.1 +40.1** (45) 85.0 +40.8 (7)
RBC (x10% ul) 715.1 £116.5 (69) 677.8 £72.7* (12) 736.6 = 100.0 (45) 699.9 £+ 135.9 (7)
HGB (g/dl) 12.0 £2.4 (69) 10.7 £ 1.6* (12) 12.1£2.1 (45) 12.0£1.9(7)
HCT (%) 344 £6.1* (75) 32.3+3.8(13) 34.7+£5.6 (48) 322+6.6(8)
MCV (1) 48.6 = 4.6** (69) 474+3.1(12) 47.6 5.1 (45) 483+ 11.3(7)
MCH (pg) 16.7 = 1.7 (69) 15.8+1.5(12) 16.5+2.0 (45) 17.4+2.6 (7)
MCHC (g/dl) 34.7+£3.9(69) 334+£3.5(12) 34.8£3.8 (45) 36.8+3.8(7)
PLT (x10* ul) 95.1 £ 142.3** (69) 78.2 +143.3 (12) 77.1+116.6 (45) 38.6 £9.0% (7)

Theileria-negative ' WBC (x10? pl) 75.9 +27.8 (86) 81.3 +£28.7 (25) 79.3 £29.1 (115) 75.3 £38.2 (26)
RBC (x10% ul) 720.7 +143.0 (86) 778.1 £157.5 (25) 735.2+151.0 (115) 730.0 = 165.1 (26)
HGB (g/dl) 11.9+2.9 (86) 12.5+£2.5(25) 11.9+2.8(115) 12.3+£3.4(26)
HCT (%) 33.5+£7.9(86) 354+£72(25) 33.9+£7.3(119) 34.9+£8.9(26)
MCV (1) 46.4 4.4 (86) 45.8+£5.0 (25) 46.4 +£4.8 (115) 479 £4.4 (26)
MCH (pg) 16.4 £ 1.9 (86) 16.1 £1.9(25) 16.1 £ 1.8 (115) 16.8 £ 1.4 (26)
MCHC (g/dl) 35.5+£3.9(86) 353+3.4 (25 349 +3.7(115) 35.3+£4.2(26)
PLT (x10* ul) 34.2 +48.9 (86) 30.0 £ 15.8 (25) 34.4+36.1 (115) 27.4+15.5(26)

Mw, Mycoplasma wenyonii; CMh, “Candidatus Mycoplasma haemobos”; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT,
hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT, platelet.
Data are expressed as mean + SD. **, *Significantly differs from the value in Theileria-negative group at P<0.01 and P<0.05, respectively.

infection rate in the housed cows was higher than that in the grazing animals. This suggests that not only the tick but also other
arthropod vectors may contribute to hemoplasma transmission.

Cows 1 to 4 years old had the lowest Mw infection rate and the rate increased with increasing age, whereas those showed the
highest dual infection rate and the rate decreased as the age increased. Tagawa et al. [29] reported that cattle 1 to 3 years old had a
higher prevalence of Mw and CMh infections compared to other age groups, and the detection of hemoplasma infections decreased
progressively when cattle were 3 years of age or older. In this study, a similar tendency was found in co-infected cows. Most
Japanese Black breeding cows experienced their first pregnancy and delivery from 1 to 3 years of age. Thus, immunosuppression
during pregnancy and postpartum periods may be related to susceptibility to hemoplasma infection during these periods [2].
Additionally, reduced dual infection rate at >5 years of age may be attributed to maturation of the immunity and efficient removal
of bacterial pathogens from the blood [29]. The reason for the reversed tendency observed in only Mw-infected animals was
unclear.

In the present study, the rate of cows co-infected with Mw and 7. orientalis was higher than that in Theileria- or hemoplasma-
negative animals, but the rate of cows co-infected with both hemoplasmas and 7. orientalis was lower compared with Theileria-
negative animals. Cattle infected with one of two pathogens tend to resist infection by the other pathogen, and this is called the
“interference phenomenon” [30]. In splenectomized calves, suppression of 4. marginale infection by Eperythrozoon teganodes [7)
and depressed parasitemias in Babesia bovis and A. centrale infections by T. buffeli infection [24] have been reported. Gale et al.
[4] demonstrated increased resistance to A. marginale infection in 7. buffeli-infected cattle. Moreover, using PCR assays, Tagawa
et al. [30] observed that single infection with 7. orientalis or hemoplasma was more common than coinfection and the degree of
anemia in co-infected animals was milder compared to those only infected with 7. orientalis, suggesting interference between 7.
orientalis and bovine hemoplasma infections. Conversely, A. marginale reportedly was the major cause of the hemolytic anemia,
but coinfection with other agents such as Theileria spp. or Mw exacerbated the disease in Swiss cattle [9]. Since different results
between Mw- and co-infected cows according to Theileria infection were observed, further studies are needed to determine whether
interference may exist between 7. orientalis and hemoplasma infections.

Although WBC counts in the hemoplasma-positive and -negative groups were within the reference range, the cows with
hemoplasma dual infection showed higher WBC counts compared with hemoplasma-negative cows. Higher WBC levels in Mw-
infected cattle than in CMh-infected and hemoplasma-negative cattle have been reported [26]. Additionally, higher WBC values
have been found in CMh-infected and dual infected Simmental cattle [15]. The increased WBC levels observed in our study may
be due to a consequence of a presumably strong stimulation of immunity by coinfection and consequently higher numbers of
leukocytes [15]. Furthermore, although the blood samples were collected from cattle without apparent clinical signs, lower RBC,
HGB, and PCV levels and higher MCV levels than those in hemoplasma-negative cattle were found in CMh- [26], Mw-, CMh-,
and co-infected cattle [29]. Lower MCV and MCH values and lower MCH values were observed in CMh- and Mw-infected cattle,
respectively [15]. In this study, a hematologic difference was not found besides WBC values. This may indicate that Japanese
Black cattle could have resistance to the anemia caused by infection with hemoplasma compared with Holstein or Simmental
breeds. Interestingly, it was reported that the indigenous Japanese Black breed of cattle was more resistant to 7. orientalis infection
than the exotic Holstein [17, 31]. Concerning coinfection with 7. orientalis, increased WBC counts were observed in Mw-infected
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Fig. 2. The results of phylogenetic tree analysis based on the nucleotide sequences of the 16S rRNA gene. F23, S39, N11, K5,
042, M42, KG40, and OK8 show Mw isolates. F35, S27, N19, K11, 026, M43, KG29, and OK 13 show CMh isolates.

and hemoplasma dual infected animals. This may indicate that coinfection with hemoplasma and Theileria induces a stronger
inflammatory reaction than that in single infection. In the parameters related to the anemia, the constant alterations were not found
in this study. The reasons for increased PLT counts observed in Mw-infected and hemoplasma-negative cows are unclear.

The pathogenic potential of bovine hemoplasmas remains difficult to interpret. The hemoplasma-positive cows found in our
study were considered chronic carriers without apparent clinical signs. Decreased milk yield, abortion, and delayed estrus have
been reported during the acute phase of hemoplasma infection in Holstein heifers [22]. Furthermore, lower milk yield and lower
calf birth weight have been observed in Holstein dairy cows with chronic hemoplasma infection [28]. Since decreased reproductive
efficiency is the main economic loss for breeding cows, further studies are required to elucidate the effect of subclinical
hemoplasma infection on reproductive performance in Japanese Black cattle.

In conclusion, high prevalence rate (91.5%) in bovine hemoplasma infection was observed in Japanese Black breeding cows
in the Kyushu and Okinawa regions. The cows that experienced grazing showed a higher Theileria infection rate compared to the
housed animals, while the CMh infection rate in the housed cows was higher than that in the grazing animals. Since hematologic
findings related to the anemia were not confirmed in hemoplasma-infected cattle, Japanese Black cattle may have resistance to the
anemia due to hemoplasma infection. Although hemoplasma-infected cattle showed no apparent clinical signs, further studies are
necessary to elucidate the effect of subclinical infection with bovine hemoplasma on reproductive performance.
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