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Simple Summary: Hemoplasmas parasitize blood cells of several mammalian species including
cattle, goats, and humans, causing infectious anemia in cattle and goats. Hemoplasmas are associated
with significant production losses. However, no studies on bovine and caprine hemoplasmas in
Uganda or the entire East African region have been carried out. In this study, we utilized molecular
techniques to investigate the occurrence of hemoplasma species in goats and cattle from Uganda.
Four hemoplasma species were identified in cattle and goats, with goats showing a higher risk for
hemoplasma infection than cattle. This is the first molecular evidence of hemoplasmas in cattle and
goats from Uganda and the entire east African region.

Abstract: Hemoplasmas (hemotropic mycoplasmas) are small pleomorphic bacteria that parasitize the
surface of red blood cells of several mammalian species including cattle, goats, and humans, causing
infectious anemia. However, studies on hemoplasmas have been neglected and to date, there are
no studies on bovine and caprine hemoplasmas in Uganda or the entire East African region. In this
study, a polymerase chain reaction (PCR) assay targeting the 16S rRNA gene was used to investigate
the presence of hemoplasma in 409 samples (cattle = 208; goats = 201) collected from Kasese district,
western Uganda. Results showed that 32.2% (67/208) of cattle samples and 43.8% (88/201) of goat
samples were positive for hemoplasmas. Sequencing analysis identified Candidatus Mycoplasma
haemobos and Mycoplasma wenyonii in cattle, while Candidatus Mycoplasma erythrocervae and
Mycoplasma ovis were identified in goats. Statistical analysis showed that goats were at a higher risk
of infection with hemoplasmas compared with cattle. To the best of our knowledge, this is the first
molecular evidence of hemoplasmas in bovine and caprine animals in Uganda and the entire east
African region.
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1. Introduction

Hemoplasmas, also known as hemotropic mycoplasmas, are small pleomorphic, wall-less,
non-cultivatable bacteria that parasitize the surface of red blood cells of some mammalian hosts
including cattle, goats, and humans [1,2]. Originally, hemoplasmas were classified as members of
two genera (Eperythrozoon and Haemobartonella) of the order Rickettsiales, but years ago, evidence
from phylogenetic studies of their 16S rRNA gene sequences led to the reclassification of these
organisms as members of the genus Mycoplasma [3,4]. In animals, disease manifestations due to
hemotropic mycoplasma infection are commonly reported in association with drug- or virus-induced
immunosuppression, with stressors such as poor nutrition, pregnancy, or lactation, or with concurrent
infection with other more virulent pathogens [5–7].

In cattle, there are two main hemoplasma species that have been identified: Mycoplasma wenyonii
(formerly Eperythrozoon wenyonii) and a provisional species Candidatus Mycoplasma haemobos [8–10].
Infected cattle can develop clinical signs such as anemia, transient fever, lymphadenopathy, anorexia,
weight loss, and decreased milk production, although in most of the animals, the infection remains
subclinical [11]. The possible transmission routes of bovine hemotropic mycoplasmas include by
vectors such as fleas, hard ticks, and mosquitoes, or by direct contact with contaminated blood, but the
epidemiology is still poorly understood [12,13].

In goats and other small ruminants, Mycoplasma ovis and Candidatus Mycoplasma haemovis are
the most common agents of hemoplasmosis. These hemoplasma species frequently cause hemolytic
anemia and reduced exercise tolerance in sheep with acute infection [1,14–16]. Infected goats have
less pronounced clinical signs characterized by low bacteremia, thus, eventually becoming persistent
carriers [17,18]. Natural transmission occurs by blood sucking arthropods such as ticks and mosquitoes,
while mechanical transmission is by fomites [19]. The negative impact of hemoplasma infections in
small ruminant production is considerable because of mortality and productivity losses in chronically
infected animals [14,20].

The livestock sector contributes 5% to Uganda’s national gross domestic product (GDP) and
sustains food security and livelihood for 75% of the households [21]. Uganda cattle and goat populations
are estimated at 14.5 and 15 million, respectively [22]. To the best of our knowledge, molecular detection
of bovine and caprine hemoplasmas has never been performed in Uganda or the entire East African
region, despite the potential economic impact of hemoplasmas on livestock production. Our search for
documented studies on hemotropic mycoplasmas in ruminants in Africa yielded only two reports:
one on Nigeria cattle [23] and another on wild buffalo (Syncerus caffer) in Mozambique [24]. Therefore,
the aim of this study was to utilize polymerase chain reaction (PCR) assays and sequencing analysis to
investigate and confirm the presence of bovine and caprine hemoplasma species in Uganda.

2. Materials and Methods

2.1. Ethical Statement

The study was approved by the Ethics Committee of Ministry of Agriculture Animal Industry and
Fisheries (MAAIF) Uganda (IHVC-PRODUCTS No. 00044840). Consent was obtained from farmers
before sampling their animals. All experimental procedures were carried out according to the ethical
guidelines on the use of animal samples of the Obihiro University of Agriculture and Veterinary
Medicine (experimental approval ID: 19-15; DNA experimental ID: 1724-3).
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2.2. Study Area

We conducted a cross-sectional study between May and June 2019 and collected blood from cattle
and goats in farms located in Kasese district—i.e., Karusandara subcounty, located 6 km away from
Queen Elizabeth National Park (QENP), and Kichwamba subcounty, located within QENP boundaries
(Figure 1).
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Figure 1. Map of Kasese district (located in western Uganda) showing the location of the two sampling
subcounties (Karusandara and Kichwamba). The figure was generated and modified using GIMP
2.8.10 (https://www.gimp.org). Maps were obtained from d-maps.com (https://d-maps.com/index.php?
lang=en).

Kasese district is made up of 21 subcounties, 130 parishes, and 730 villages. According to the
Köppen Climate Classification, the district has a tropical savanna climate. The average temperature for
the year in Kasese is 23.8 ◦C. March and December are the warmest and coolest months with average
temperatures of 24.5 ◦C and 23.1 ◦C, respectively. Kasese’s annual average amount of precipitation is
883.9 mm. April and January are the months with the most and least average precipitation of 127 mm
and 27.9 mm, respectively. In terms of liquid precipitation, there are an average of 146 days of rain,
with the most rain occurring in October, with 19 days of rain, and the least rain occurring in January,
with 7 days of rain. This area was chosen due to many pastoralist farmers who co-graze their livestock
with wildlife at the QENP interface, making it a high risk for cross-species pathogen transmission.

2.3. Study Design

The two subcounties above were randomly selected as sampling sites. For cattle samples, 9 to
17 heads of cattle per farm were randomly selected, depending on the herd size. The selected animals
were restrained in a crush and examined for parameters like age, sex, and body condition score. In total,
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16 farms were included yielding a total of 208 cattle. The blood samples were collected through
puncture of the caudal vein and letting blood into tubes containing ethylenediaminetetraacetic acid
(EDTA) anti-coagulant. For goats, a total of 19 farms were selected, from which 201 goats were sampled
by puncture of the jugular vein and letting blood into EDTA tubes. The collected samples were kept in a
cool box and transported to the Research Centre for Tropical Diseases and Vector Control (RTC), School
of Veterinary Medicine and Animal Resources, Makerere University, Uganda, for DNA extraction.

2.4. DNA Extraction and PCR Amplification Procedures for Detection of Hemoplasmas

The DNA was extracted from 200 µL of whole blood using QIAamp DNA Blood Mini Kit (Qiagen,
Hilden, Germany) in accordance with the manufacturer’s instruction. The extracted DNA was then
transported to the National Research Centre for Protozoan Diseases (NRCPD), Obihiro University
of Agriculture and Veterinary Medicine, Japan, and stored at −30 ◦C until use. The DNA samples
were screened with the F2R2 set of primers, which targets the 16S rRNA gene of various hemotropic
mycoplasmas including M. haemofelis, M. haemocanis, Candidatus M. haemominutum, Candidatus M.
haemoparvum, M. wenyonii and Candidatus M. haemobos, M. ovis, and Candidatus M. erythrocervae,
among others [9,25,26] (Table 1). The thermocycling protocol for F2R2 primers used in this study was
that described by Jensen et al. [26] with slight modifications, whereby the initial denaturation was set
at 95 ◦C for 2 min, followed by 40 cycles of denaturation at 95 ◦C for 1 min, then annealing at 60 ◦C for
1 min, extension at 72 ◦C for 30 s, and final extension at 72 ◦C for 7 min.

Table 1. Organisms, target genes, PCR oligonucleotide primers, amplicon size, and references for the
PCR assays.

Organism Target
Gene Primer Sequence (5′→3′) Annealing

Temperature (◦C)
Amplicon
Size (bp) Reference

Mycoplasma
spp. (HBT) 16S rRNA ATACGGCCCATATTCCTACG 60 595 [26]

TGCTCCACCACTTGTTCA
Mycoplasma
spp. (F2R2) 16S rRNA CGAAAGTCTGATGGAGCAATA 60 170—195 [25]

CGCCCAATAAATCCGR(A/G)ATAAT

The reaction mixture had a final volume of 10 µL containing 1 µL of 10× ThermoPol® Taq
reaction buffer, 0.2 µL of dNTP mix, 0.2 µM of each primer, 0.05 µL of Taq DNA polymerase (all from
New England BioLabs, Ipswich, MA, USA), 1.5 µL of DNA template, and 6.85 µL of double-distilled
water. The positive samples used in the study were previously confirmed hemoplasma-positive
(M. ovis, M. wenyonii, and Candidatus M. haemobos) DNA samples [27], while double-distilled water
was used as the negative control. The thermocycling conditions used were those of previous studies,
with the specific annealing temperatures shown in Table 1.

2.5. Cloning, Sequencing, and Phylogenetic Analysis

A total of 25 positive samples (cattle = 15; goats = 10) were randomly selected for sequencing.
Another set of primer, the HBT primers, was used due to the longer target (~595 bp) compared to the F2R2
primer set, which amplifies <200 bp nucleotide sequence (Table 1). Briefly, PCR products run on agarose
gel were purified using QIAquick Gel Extraction Kit (Qiagen), and DNA was quantified using NanoDrop
spectrophotometer (Thermo Fisher Scientific, Ipswich, MA, USA). The purified PCR products were
cloned into a vector following the commercial protocol of pGEM®-T Easy Vector (Promega Corporation,
Madison, WI, USA) and then transformed into Escherichia coli DH5α competent cells. For each sample,
four clones with the expected insert (as confirmed by colony PCR) were cultured and purified using
Nucleospin® Plasmid QuickPure Kit (Macherey Nagel, Düren, Germany). Sequencing analysis was
done with BigDye™ Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Waltham, MA, USA)
using ABI Prism 3100 Genetic Analyzer (Applied Biosystems). The resulting nucleotide sequences were
analyzed by GenBank BLASTn search, and percent identities were calculated using EMBOSS Matcher,



Animals 2020, 10, 1624 5 of 10

an online program (https://www.ebi.ac.uk/Tools/psa/emboss_matcher/). The nucleotide sequences
generated were deposited in NCBI GenBank database.

2.6. Statistical Analysis

Comparisons of the infection rates between cattle and goats and risk factors were performed
using Pearson’s chi-square test and Fisher’s exact test. A p-value of <0.05 was considered
statistically significant.

3. Results

3.1. Detection Rates in Cattle and Goats

A total of 409 blood samples were collected from cattle (n = 208) and goats (n = 201) from two
subcounties in Kasese district in Uganda (Figure 1). Additional information concerning sex, age, breed,
body condition score, and herd size was obtained (Supplementary Table S1). Overall, 37.9% (155/409)
tested PCR-positive for hemoplasmas. Of the 155 positive animals, 67 (32.2%) and 88 (43.8%) were
cattle and goats, respectively. The different band sizes obtained were as seen in Figure 2.
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Figure 2. Agarose gel electrophoresis (2% agarose), showing amplified DNA (F2R2 primers, 175–200 bp)
for 16S rRNA gene of hemoplasmas. L = 50 bp DNA ladder; N = negative control; P = positive
control (Mycoplasma ovis); 2 = negative sample of uninfected animal; 1, 3–7 = genomic amplicons of
infected animals.

3.2. Risk Factors

Hemoplasma-infected cattle and goats did not exhibit any clinical signs attributable to
hemoplasmosis, such as pale mucous membranes, transient fever, lymphadenopathy, and anorexia.
However, goats were found to be at a higher risk (p < 0.05) of infection than cattle, as seen in Table 2.

Table 2. Overall detection rates of hemotropic mycoplasma species in cattle and goats.

Host N No. of Positives (%) p-Value

Cattle 208 67 (32.2%)
0.019Goats 201 88 (43.8%)

Total 409 155 (37.9%)

significant (<0.05).

https://www.ebi.ac.uk/Tools/psa/emboss_matcher/
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Similarly, male cattle had a significantly (p < 0.05) higher hemoplasma detection rate than female
cattle (Table 3). The prevalence of hemoplasma species in goat samples collected from Karusandara
subcounty was significantly higher than that collected from Kichwamba subcounty (Table 3). However,
there was no significant difference in the hemoplasma detection rate between the cattle samples
collected from the two subcounties. In addition, other factors like breed, age, body condition score,
and herd size were not significantly associated with infection in both cattle and goats (data not shown).

Table 3. Hemoplasma detection rates based on sex and location.

N No. of Positives (%) p-Value

Sex Female cattle 193 58 (30.1%)
0.017Male cattle 15 6 (40.0%)

Total 208 64 (30.8%)
Cattle Karusandara subcounty 113 39 (34.5%)

0.459Kichwamba subcounty 95 28 (29.5%)
Total 208 67 (32.2%)

Goats Karusandara subcounty 103 56 (54.3%)
0.002Kichwamba subcounty 98 32 (32.6%)

Total 201 88 (43.8%)

Significant (<0.05).

3.3. Identities of Obtained Sequences

Identification of hemoplasma species was further demonstrated by sequencing analysis of the
partial sequence of 16S rRNA gene of 25 hemoplasma-positive samples (15 cattle samples; 10 goat
samples). All the sequences obtained in this study were deposited in GenBank and assigned temporary
accession numbers, as seen in Table 4.

Table 4. GenBank accession numbers for the hemoplasma gene sequences obtained in this study.

Pathogen Host GenBank Accession Numbers

Candidatus Mycoplasma
haemobos Cattle CMh1-7

Mycoplasma wenyonii Cattle Mw1-6
Candidatus Mycoplasma

erythrocervae Goat CMe1

Mycoplasma ovis Goat Mo1-8

For the cattle samples, 7 sequences (CMh1-9) were 97 to 100% identical to each other, wherein 5 out
of these 7 sequences (CMh 1–4,7) exhibited >97.3% identity with Candidatus Mycoplasma haemobos
from Tokachi, Japan (EU367965). The other 6 cattle sample sequences (Mw1–6) were 100% identical to
each other and also exhibited 100% identity with M. wenyonii strain isolated from a water buffalo in
the Philippines (MT241312) and from cattle in Cuba (MG948627). For the goat samples, 8 sequences
(Mo1–8) were 100% identical to each other and exhibited 100% identity with M. ovis isolated from
goat in China (KU983745), sheep in Turkey (MF377462), and a human isolate in the USA (KF313922).
The other remaining goat sample sequence (CMe1) also exhibited 100% identity with Candidatus
Mycoplasma erythrocervae isolates from sika deer in Japan (AB558897 and KF306251).

4. Discussion

To our knowledge, this study provides the first molecular evidence of hemotropic mycoplasmas
in cattle and goats in Uganda and throughout the east African region. A significantly higher rate
of hemoplasma was detected by PCR in the sampled goats than in the cattle. This is probably due
to epidemiological factors such as host, environment, and the difference in the hemoplasma species
infecting cattle and goats [1].
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The detection rate of bovine hemoplasma species in this study (32.2%) is higher than that reported
in Japan, where detection rates of 21.8 and 16.7% were found [9], but is lower than those reported
in studies from Nigeria [23], Cuba [28], Brazil [29], and eastern Hokkaido, Japan [30], where overall
detection rates of 67.0%, 53.0%, 64.2%, and 64.7% were reported, respectively. In goats, the detection rate
obtained in this study (43.8%) was comparable to those in China [13] and Brazil [18], where detection
rates of 41% and 39.3% were reported, respectively. However, the detection rate in the current study
was much higher than those reported in Turkey at 6.2% [16] and USA at 18% [31]. Factors such as
geographic location, sample size, animal age, environmental conditions, presence of vectors, and animal
production systems can be possible causes of the observed disparity in the detection rates between the
present work and previous studies [16].

Studies on bovine hemoplasma infection in Japan found significant association between reduced
productivity and hemoplasma infection [32]. In another study, examination of blood parameters
revealed significantly lower red blood cells, hemoglobin, and packed cell volume levels, and a higher
mean corpuscular volume in infected cattle than in non-infected cattle [20]. Therefore, the detection
of these hemoplasma species in Ugandan cattle raises concern about possible economic losses in
livestock production that farmers could incur, and economic impact assessment should be included in
future studies.

In this study, a higher hemoplasma detection rate was recorded in male cattle than in female cattle.
Sex has previously been associated with hemoplasma-positivity in small ruminants [18,23,27], but this
phenomenon has not been observed in cattle. Some literature suggests that female animals normally
go through pregnancy and lactation stress, which tend to stress and lower their immunity, making
them more susceptible to infections [33]. In a previous study on the effect of chronic hemoplasma
infection on cattle productivity [32], no significant relation between hemoplasma infection and sex was
observed. However, the small sample size of male cattle in this study may not strongly support our
finding; thus, further studies using equal sample sizes should be conducted to understand whether
hemoplasma infection is associated with sex in cattle.

When the results from the two subcounties were compared, the goat samples from Karusandara
subcounty (an area 6 km away from the park) had a significantly higher hemoplasma detection
rate than those from Kichwamba subcounty (an area within the national park). On the other hand,
no significant association was seen with the cattle samples collected from the two locations. In addition
to the wildlife-livestock interaction reported by the farmers, the goats in Karusandara subcounty
were grazed communally under a free-range system, which could be a risk factor for infection with
hemoplasmas. M. ovis, which is the main goat species also identified in this study, can infect goats,
sheep, and deer species [34]. In addition, current literature indicates that hemoplasmas can infect
a variety of wild animals including buffalo, rodents, deer, cheetah, jaguar, bear, opossum, raccoon,
bats, and non-human primates [35]. Wildlife–livestock interactions have previously been reported
in this area surrounding Queen Elizabeth National Park with empirical evidence [36]. However,
there is still limited data regarding the epidemiology of hemoplasmas. Therefore, further studies
are recommended to understand the role of the wildlife-livestock interface in the transmission of
hemotropic mycoplasmas.

Nucleotide sequences obtained from cattle were 100% identical to Candidatus Mycoplasma
haemobos and M. wenyonii. This was not by surprise, since these two species are the only distinct
hemoplasma species that have been identified affecting cattle to date [8]. In goats, we identified M. ovis,
the most common species in small ruminants [1,14,16,30], and Candidatus Mycoplasma erythrocervae,
which infects deer [37]. Since the samples in this study were collected from a wildlife-livestock interface
area (Figure 1), the detection of Candidatus Mycoplasma erythrocervae in goats suggests a possible
cross-species transmission, since there is evidence of wildlife-livestock interaction in this area [36].
Furthermore, hemoplasmas seem to exhibit a non-specific host preference, for instance, the M. ovis
genotype in this study showed 100% identity to the M. ovis previously isolated from a symptomatic
human (KF313922) in the USA [38]. In another study on hemotropic mycoplasma species in patients
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with or without extensive arthropod or animal contact [2], the prevalence of hemotropic mycoplasma
infection was significantly higher in previously reported cohorts of veterinarians, veterinary technicians,
spouses of veterinary professionals, and others with extensive arthropod exposure and/or frequent
animal contact. In the same study, Mycoplasma ovis-like species was the most prevalent organism
detected. Therefore, the role of M. ovis should be further investigated, as it could pose a greater risk for
public health, particularly for farmers and veterinarians, who are at higher risk of occupational exposure.

5. Conclusions

This study constitutes the first molecular evidence of hemotropic mycoplasmas in Ugandan cattle
and goats and the entire East African region. Our results indicate a higher infection rate in goats than
cattle. This study also suggests that Candidatus Mycoplasma erythrocervae can infect goats. Our study
provides new information on the biodiversity of vector-borne pathogens in cattle and goat populations
in Uganda. However, given the limited research on hemotropic mycoplasmas in Africa, further studies
are required to clarify the pathogenicity and epidemiology of bovine and caprine hemoplasmas species
and their impact on the livestock industry in Uganda.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-2615/10/9/1624/s1,
Table S1: Additional information concerning sex, age, breed, body condition score, and herd size was obtained.
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14. Hornok, S.; Meli, M.L.; Erdős, A.; Hajtós, I.; Lutz, H.; Hofmann-Lehmann, R. Molecular characterization of
two different strains of haemotropic mycoplasmas from a sheep flock with fatal haemolytic anaemia and
concomitant Anaplasma ovis infection. Vet. Microbiol. 2009, 136, 372–377. [CrossRef]

15. Tagawa, M.; Takeuchi, T.; Fujisawa, T.; Konno, Y.; Yamamoto, S.; Matsumoto, K.; Inokuma, H.A. A clinical
case of severe anemia in a sheep coinfected with Mycoplasma ovis and ‘Candidatus Mycoplasma haemovis’ in
Hokkaido, Japan. J. Vet. Med. Sci. 2011, 74, 99–102. [CrossRef] [PubMed]

16. Aktas, M.; Ozubek, S. A molecular survey of small ruminant hemotropic mycoplasmosis in Turkey, including
first laboratory confirmed clinical cases caused by Mycoplasma ovis. Vet. Microbiol. 2017, 208, 217–222.
[CrossRef]

17. Daddow, K.N. The transmission of a sheep strain of Eperythrozoon ovis to goats and the development of a
carrier state in the goats. Aust. Vet. J. 1979, 55, 605–606. [CrossRef]

18. Machado, C.A.; Vidotto, O.; Conrado, F.O.; Santos, N.J.; Valente, J.D.; Barbosa, I.C.; Vieira, R.F. Mycoplasma
ovis infection in goat farms from northeastern Brazil. Comp. Immunol. Microbiol. Infect. Dis. 2017, 55, 1–5.
[CrossRef]

19. Neimark, H.; Hoff, B.; Ganter, M. Mycoplasma ovis comb. nov. (formerly Eperythrozoon ovis), an epierythrocytic
agent of haemolytic anaemia in sheep and goats. Int. J. Syst. Evol. Microbiol. 2004, 54, 365–371. [CrossRef]

20. Shi, H.; Hu, Y.; Leng, C.; Shi, H.; Jiao, Z.; Chen, X.; Yao, L. Molecular investigation of “Candidatus Mycoplasma
haemobos” in goats and sheep in central China. Transbound. Emerg. Dis. 2019, 66, 22–27. [CrossRef]

21. FAO in Uganda. FAO, Government of Uganda and Stakeholders Commit to Tackling Tick Vector
Related Challenges in Uganda. Ticks, Tick Acaricide Resistance and Tick-Borne Diseases of Livestock
in Uganda. 2018. Available online: http://www.fao.org/uganda/news/detail-events/fr/c/1151610/ (accessed
on 10 September 2020).

22. Uganda Bureau of Statistics (UBOS). Agriculture. Livestock in Numbers—Last Updated on 9th November.
2018. Available online: https://www.ubos.org/explore-statistics/2/ (accessed on 10 September 2020).

23. Happi, A.N.; Osifade, O.; Oluniyi, P.E.; Ogunro, B.N. Comparison of light microscopy and polymerase chain
reaction for the detection of Haemoparasites in Cattle in Nigeria. Acta Parasitol. 2020, 65, 44–56. [CrossRef]
[PubMed]

24. Gonçalves, L.R.; Teixeira, M.M.G.; Rodrigues, A.C.; Mendes, N.S.; Matos, C.A.; Pereira, C.L.; André, M.R.
Molecular detection of Bartonella species and haemoplasmas in wild African buffalo (Syncerus caffer) in
Mozambique, Africa. Parasitol. Open. 2018, 4, 1–8. [CrossRef]

25. Jensen, W.A.; Lappin, M.R.; Kamkar, S.; Reagan, W.J. Use of a polymerase chain reaction assay to detect and
differentiate two strains of Haemobartonella felis in naturally infected cats. Am. J. Vet. Res. 2001, 62, 604–608.
[CrossRef] [PubMed]

26. Criado-Fornelio, A.; Martinez-Marcos, A.; Buling-Sarana, A.; Barba-Carretero, J.C. Presence of Mycoplasma
haemofelis, Mycoplasma haemominutum and piroplasmids in cats from southern Europe: A molecular study.
Vet. Microbiol. 2003, 93, 307–317. [CrossRef]

27. Galon, E.M.S.; Adjou Moumouni, P.F.; Ybanez, R.H.D.; Macalanda, A.M.C.; Liu, M.; Efstratiou, A.; Li, J.
Molecular evidence of hemotropic mycoplasmas in goats from Cebu, Philippines. J. Vet. Med. Sci. 2019, 81,
869–873. [CrossRef] [PubMed]

28. Díaz-Sánchez, A.A.; Corona-González, B.; Meli, M.L.; Álvarez, D.O.; Cañizares, E.V.; Rodríguez, O.F.;
Hofmann-Lehmann, R. First molecular evidence of bovine hemoplasma species (Mycoplasma spp.) in water
buffalo and dairy cattle herds in Cuba. Parasit. Vectors. 2019, 12, 78. [CrossRef] [PubMed]

http://dx.doi.org/10.1128/JCM.42.8.3775-3780.2004
http://dx.doi.org/10.1016/j.vetmic.2009.07.013
http://www.ncbi.nlm.nih.gov/pubmed/19660880
http://dx.doi.org/10.1007/s11250-012-0197-y
http://www.ncbi.nlm.nih.gov/pubmed/22684637
http://dx.doi.org/10.1016/j.vetmic.2008.10.031
http://dx.doi.org/10.1292/jvms.11-0296
http://www.ncbi.nlm.nih.gov/pubmed/21869571
http://dx.doi.org/10.1016/j.vetmic.2017.08.011
http://dx.doi.org/10.1111/j.1751-0813.1979.tb07071.x
http://dx.doi.org/10.1016/j.cimid.2017.08.004
http://dx.doi.org/10.1099/ijs.0.02858-0
http://dx.doi.org/10.1111/tbed.13021
http://www.fao.org/uganda/news/detail-events/fr/c/1151610/
https://www.ubos.org/explore-statistics/2/
http://dx.doi.org/10.2478/s11686-019-00123-y
http://www.ncbi.nlm.nih.gov/pubmed/31571143
http://dx.doi.org/10.1017/pao.2018.10
http://dx.doi.org/10.2460/ajvr.2001.62.604
http://www.ncbi.nlm.nih.gov/pubmed/11327472
http://dx.doi.org/10.1016/S0378-1135(03)00044-0
http://dx.doi.org/10.1292/jvms.19-0042
http://www.ncbi.nlm.nih.gov/pubmed/31061273
http://dx.doi.org/10.1186/s13071-019-3325-y
http://www.ncbi.nlm.nih.gov/pubmed/30732656


Animals 2020, 10, 1624 10 of 10

29. Witter, R.; Melo, A.L.T.; Pacheco, T.D.A.; Meneguzzi, M.; Boas, R.V.; Dutra, V.; Pacheco, R.C. Prevalence of
‘Candidatus Mycoplasma haemobos’ detected by PCR, in dairy cattle from Ji-Paraná in the north region of
Brazil. Cienc. Rural 2017, 47, 1678–4596. [CrossRef]

30. Tagawa, M.; Ybanez, A.P.; Matsumoto, K.; Yokoyama, N.; Inokuma, H. Prevalence and risk factor analysis of
bovine hemoplasma infection by direct PCR in Eastern Hokkaido, Japan. J. Vet. Med. Sci. 2012, 74, 1171–1176.
[CrossRef]

31. Johnson, K.A.; do Nascimento, N.C.; Bauer, A.E.; Weng, H.Y.; Hammac, G.K.; Messick, J.B. Detection of
hemoplasma infection of goats by use of a quantitative polymerase chain reaction assay and risk factor
analysis for infection. Am. J. Vet. Res. 2016, 77, 882–889. [CrossRef]

32. Tagawa, M.; Yamakawa, K.; Aoki, T.; Matsumoto, K.; Ishii, M.; Inokuma, H. Effect of chronic hemoplasma
infection on cattle productivity. J. Vet. Med. Sci. 2013, 75, 1271–1275. [CrossRef]

33. Wang, X.; Cui, Y.; Zhang, Y.; Shi, K.; Yan, Y.; Jian, F.; Ning, C. Molecular characterization of hemotropic
mycoplasmas (Mycoplasma ovis and ‘Candidatus Mycoplasma haemovis’) in sheep and goats in China.
BMC Vet. Res. 2017, 13, 142. [CrossRef] [PubMed]

34. Urie, N.J.; Highland, M.A.; Knowles, D.P.; Branan, M.A.; Herndon, D.R.; Marshall, K.L. Mycoplasma ovis
infection in domestic sheep (Ovis aries) in the United States: Prevalence, distribution, associated risk factors,
and associated outcomes. Prev. Vet. Med. 2019, 171, 104750. [CrossRef]

35. de Oliveira Conrado, F.; do Nascimento, N.C.; dos Santos, A.P.; Zimpel, C.K.; Messick, J.B.; Biondo, A.W.
Occurrence and identification of hemotropic mycoplasmas (Hemoplasmas) in free ranging and laboratory
rats (Rattus norvegicus) from two Brazilian zoos. BMC Vet. Res. 2015, 11, 1–10.

36. Meunier, N.V.; Sebulime, P.; White, R.G.; Kock, R. Wildlife-livestock interactions and risk areas for cross-species
spread of bovine tuberculosis. Onderstepoort J. Vet. Res. 2017, 84, 1–10. [CrossRef] [PubMed]

37. Tagawa, M.; Matsumoto, K.; Yokoyama, N.; Inokuma, H. Prevalence and molecular analyses of hemotrophic
Mycoplasma spp. (hemoplasmas) detected in sika deer (Cervus nippon yesoensis) in Japan. J. Vet. Med. Sci.
2014, 76, 401–407. [CrossRef] [PubMed]

38. Sykes, J.E.; Lindsay, L.L.; Maggi, R.G.; Breitschwerdt, E.B. Human coinfection with Bartonella henselae and
two hemotropic mycoplasma variants resembling Mycoplasma ovis. J. Clin. Microbiol. 2010, 48, 3782–3785.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1590/0103-8478cr20160805
http://dx.doi.org/10.1292/jvms.12-0118
http://dx.doi.org/10.2460/ajvr.77.8.882
http://dx.doi.org/10.1292/jvms.13-0119
http://dx.doi.org/10.1186/s12917-017-1062-z
http://www.ncbi.nlm.nih.gov/pubmed/28549435
http://dx.doi.org/10.1016/j.prevetmed.2019.104750
http://dx.doi.org/10.4102/ojvr.v84i1.1221
http://www.ncbi.nlm.nih.gov/pubmed/28155286
http://dx.doi.org/10.1292/jvms.13-0486
http://www.ncbi.nlm.nih.gov/pubmed/24270803
http://dx.doi.org/10.1128/JCM.01029-10
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Ethical Statement 
	Study Area 
	Study Design 
	DNA Extraction and PCR Amplification Procedures for Detection of Hemoplasmas 
	Cloning, Sequencing, and Phylogenetic Analysis 
	Statistical Analysis 

	Results 
	Detection Rates in Cattle and Goats 
	Risk Factors 
	Identities of Obtained Sequences 

	Discussion 
	Conclusions 
	References

