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Hemoplasmosis caused by Mycoplasma spp. have been associated with major economic losses in the global dairy
production. Hemoplasma studies in the Philippines are limited despite its potential impact. This study mainly
aimed to detect the presence of hemoplasma species in dairy water buffaloes and cattle and know their ecto-
parasite biodiversity in Bohol, Philippines. Detection of Mycoplasma spp. was performed using peripheral blood
smear examination (PBSE) and standard PCR using whole blood samples collected from 100 dairy water buf-
faloes and 40 dairy cattle. Available records on the average annual, monthly and daily milk production were
compared between PCR-positive and PCR-negative animals. Ectoparasites were manually collected and identi-
fied. While PBSE results were all negative, PCR testing showed that 80% (80 water buffaloes and 32 cattle) were
positive for Mycoplasma spp. On the other hand, a total of 1436 ectoparasites were collected (609 Haematopinus
and 827 Rhipicephalus spp.). DNA sequencing revealed that obtained sequences (193 bp) from 7 animals were
99.5 to 100% similar to registered Mycoplasma wenyonii sequences. The study reports the first molecular char-
acterization of M. wenyonii in the Philippines and probably the first detection in dairy water buffaloes in
Southeast Asia.

1. Introduction

The livestock industry has contributed to the Philippine economy,
with the dairy sector reporting a gross income of almost three-fourths of
a billion in 2016 [1]. The main milk-producing animals that accounted
for 97% of the country‘s milk production are cattle and water buffaloes
[2]. These animals under the family Bovidae are vulnerable to several
economically important diseases, including those that are transmitted
by ticks [3].

Tropical regions, including the Philippines, are suitable environ-
ments for ticks. Ticks can infest a variety of hosts and transmit tick-
borne diseases (TBDs) to humans, livestock, and companion animals. In
many countries, TBDs are major health impediments to efficient
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livestock production and have caused major economic losses worldwide
[4]. TBDs have affected bovine productivity in tropical and subtropical
regions of the world, leading to a significant impact on the livelihood of
resource-poor farming communities. In the Philippines, among the re-
ported TBDs include hemoplasmosis in cattle [5]. It is caused by he-
moplasmas or hemotropic Mycoplasma species, which are wall-less
bacteria that cause infectious anemia in a variety of mammalian species
[6]. The pathogen can be transmitted by blood-sucking arthropods such
as ticks [7]. It has been known to cause infertility in dogs [8,9], delayed
estrus in pigs [10] and decreased milk productivity in a variety of
mammals including sows [11,12] and cattle [13]. The major effect of
hemoplasmosis is on its economic impact as infected animals may not
show obvious clinical signs (and thus underdiagnosed), but will have a
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decreased milk production.

In bovine hemoplasmosis, two species have been reported:
Mycoplasma wenyonii [14] and Candidatus Mycoplasma haemobos [15].
Bovine hemoplasmosis has been mostly detected in cattle. However, Ca.
M. haemobos has been detected in water buffaloes in China [16]. At
present, hemoplasma studies in livestock in the Philippines have been
very limited despite its potential economic impact to the industry.
Hence, this study aimed to detect the presence of hemoplasma species
(Mycoplasma spp.) in dairy water buffaloes and cattle, know the ecto-
parasite biodiversity and environmental profile of the selected animals,
and assess its implications on milk productivity in Bohol, Philippines.
The present study reports the first molecular detection of hemoplasma
(Mycoplasma spp.) in dairy water buffaloes in the country.

2. Materials and methods
2.1. Animals and study site

A total of 100 dairy water buffaloes and 40 dairy cattle, regardless
of age and breed, were selected from the Ubay dairy stock farm and
selected local farms in National Dairy Authority farm in Bohol,
Philippines. Body condition score was evaluated [17] and clinical signs
were noted. Ectoparasite collection was performed in the field, while its
identification was performed at the University of the Philippines Cebu.
Peripheral Blood Smear Examination (PBSE), DNA extraction, and
Polymerase Chain Reaction (PCR) testing was also performed in the
same institution.

2.2. Blood sample collection and peripheral blood smear examination

Approximately 5 ml of blood sample were collected from the jugular
vein of the water buffaloes using a BD K3 EDTA Vacutainer® tube
(Becton, Dickinson and Company, Franklin Lakes, NJ, and the USA).
Thin blood smears were prepared from the samples for PBSE. The slides
were stained with Hemacolor color regent blue and red stains [18].
Blood samples were stored at —20 °C until DNA extraction was con-
ducted [19].

2.3. Ectoparasite collection and identification

Ectoparasites were carefully collected from the animals using for-
ceps and preserved in 70% ethyl alcohol. Identification was performed
under a stereomicroscope using appropriate guides [20-22].

2.4. DNA extraction and PCR

DNA extraction was performed as previously described [23]. For
PCR, the target fragments were amplified by using the forward primer
(F2 - ACGAAAGTCTGATGGAGCAATA) and reverse primer (R2 -
ACGCCCAATAAATCCGRATAAT [24]. The final volume used was 10 pl
which was composed of 4.3 ul DDW, 2 ul 5x PCR bulffer, 1 pul of MgCl2
(25 mM), 0.15pl of ANTPs (10 mM each), 0.25 ul each of the forward
and reverse primers (0.22 pM/reaction), 0.05 pl of Taq DNA Polymerase
(5U/ pl) (Promega Corporation, USA) and 2 pl of DNA template. Am-
plification cycles included initial denaturation at 95°C for 3 min,
35 cycles of denaturation at 94 °C for 1min, annealing at 52°C for
1 min, and extension at 72 °C for 1 min followed by a final extension at
72°C for ten mins to amplify a 190-bp target. Agarose gel electro-
phoresis was performed as previously described [23].

2.5. Data processing, sequencing, and analyses

Data from the survey instrument (profile), daily milk yield, and
PBSE and PCR results were manually tabulated in a tally sheet and then
encoded to a Microsoft Excel using appropriate coding to facilitate
statistical analyses. Association between daily milk yield and the PCR
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Table 1
Profile of selected water buffaloes in Bohol (n = 100).
Parameter Category Frequency Percentage
Age Below 5 19 19%
Mean = 7.31 5to 6 33 33%
SD = 3.53 above 6 48 48%
Breed Bulgarian Murrah 61 61%
United States Murrah 27 27%
Philippine Carabao 1 1%
Cross breed 11 11%
Body condition score <3 2 2%
Mean = 3.75 3 51 51%
SD = 0.71 >3 47 47%
Feeding method Grazing only 80 80
Cut and Carry 0 0
Both 20 20
Animal location PCC-Ubay Stock Farm 80 80
Ubay Smallholder farms 12 12
Alicia Smallholder farms
Mabini farms 7 7
Clinical signs status Present 4 4
Absent 96 96

Table 2
PCR results of water buffaloes and cattle tested for Mycoplasma spp.in Bohol,
Philippines (n = 100).

Animal PCR Results Total
Positive Relative % Negative Relative %

Water buffalo 80 80 20 20 100

Cattle 32 80 8 20 40

Total 112 80 28 20 140

results (positive or negative) was assessed using Chi-square method.
Sequencing and phylogenetic analysis were similarly performed as
previously described [23-25]. Phylogenetic analyses were performed
using MEGA 5.0 software by Neighbor Joining Method and Maximum
Likelihood (1000 replicates). Several sequences with low homology
with the obtained sequences were removed in the final tree.

2.6. Ethical considerations

The study was conducted in accordance with the Animal Welfare
Law of the Philippines (RA 8485) and the Department of Agriculture
Administrative Order 40 of the Philippines.

3. Results and discussion

Most of the sampled water buffaloes were Bulgarian Murrah (61%),
five years old and above (81%), and with an optimal body condition
score (51%). Most were fed by grazing (80%), and no observed clinical
signs (96%) (Table 1). This indicates that the dairy water buffaloes
were mostly healthy and properly nourished. The predominant breed
was Murrah, which is usually preferred due to its high average milk
yield and efficient milk and fat production [26]. It is the top milk
breeder in Southeast Asia and is regarded as the best breed improver.
From those with observed clinical signs, three had red eyes and nasal
discharges. One showed weight loss. For the cattle, the profile was
unfortunately not provided.

A total of 1436 ectoparasites (609 lice and 827 ticks) were collected
from the selected water buffaloes and cattle in the area (Table not
shown). A total of 2 genera were identified. The collected lice were
morphologically identified as Haematopinus spp., which was consistent
to the description of [27]. On the other hand, the collected ticks were
identified as Rhipicephalus spp. [21,22]. These species have been iden-
tified as potential vectors of Mycoplasma spp. [28,29]. Not all of the
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— Mycoplasma suis DQ346727
MF769329 from Water buffalo
Mycoplasma wenyonii KX171205 Mexico
Mycoplasma wenyonii DQ641256 Langford strain UK
Mycoplasma wenyonii AY769937 China
Mycoplasma wenyonii AF016546 USA
Mycoplasma wenyonii KY412804 Austria
MF769328 from Cattle
— MF769332 from Water buffalo
Mycoplasma wenyonii EF221880 China
Mycoplasma wenyonii MF377464 Turkey
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Candidatus Mycoplasma haematoparvum AY383241
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Candidatus Mycoplasma turicensis DQ825449

———Mycoplasma coccoides AY1719181
Candidatus Mycoplasma haemobos EF460765
Haemobartonella canis AF407208
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Mycoplasma pneumonia M29061

Fig. 1. Phylogenetic analysis of Mycoplasma wenyonii from cattle and water buffalo in the Philippines based on the 16S rRNA gene using Neighbor-Joining method

(1000 replicates). Obtained sequences are highlighted in bold.

Table 3
Comparison of daily milk average (in liters) of Mycoplasma spp.-infected and

Mycoplasma spp.-uninfected dairy water buffaloes in Bohol, Philippines
(n = 100).

Category Daily milk average per year (L)
2015 2016 2017*
Yield SD Yield SD Yield SD
Mycoplasma spp. 5.2 1.48 4.69 1.3 5.33 1.42
infected (n = 80)
Mycoplasma spp. 5.35 1.53 4.27 1.38 4.47 1.27

uninfected (n = 20)
*p value = .048 df = 1

sampled water buffaloes and cattle had ectoparasites (Table not
shown). Only 115 out of 140 animals were observed with ectoparasites.
All cattle (n = 40) had ticks, while only one water buffalo was found
with tick. Conversely, no lice was found on cattle but was observed in
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74 water buffaloes. Only one water buffalo had both the tick and lice.
This observed difference where lice was only found in water buffaloes
may be due to the wallowing practice of the animal [30]. Compared to
ticks, lice can survive under water for several hours and can close their
breathing holes. Although cattle can also wallow, those in this study
were not allowed to do so.

All samples were negative for PBSE. The diagnosis of hemoplasma
infection has been traditionally performed via microscopic examination
of the bacterial pathogen on the surface of the erythrocyte or in the
plasma, but the sensitivity and specificity of this method are low [7,31].
PBSE requires proficiency in identifying pathogens and is error-prone
because artifacts can be interpreted as inclusion bodies or pathogens
[23]. PBSE's diagnostic sensitivity is generally < 20% in animals that
are chronically infected, and its specificity is hampered by artifacts such
as Howell-Jolly bodies [29,32]. Previous studies have shown the low
reliability of PBSE in the detection of Mycoplasma spp. in cattle [5].

PCR revealed that 80% of the tested animals were found to be po-
sitive for Mycoplasma spp. (Table 2). The results show that PCR is more
sensitive than PBSE in detecting the pathogen [5]. Several other studies
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have favored the use of PCR in diagnosing bovine hemoplasmosis
[7,15,33,40]. On the other hand, DNA sequencing revealed that ob-
tained sequences (193 bp) from 7 animals were 99.5 to 100% identical
to registered M. wenyonii sequences from several countries around the
world. Phylogenetic analyses revealed similar clade patterns regardless
of the method used which indicated that the obtained sequences were
not divergent from M. wenyonii (Fig. 1).

The high detection rate in this study may be caused by several
factors, including the presence of ectoparasites in the majority of the
animals. Although little is known in the means of transmission of
Mycoplasma spp., some evidences have suggested that flies, lice, and
fleas may facilitate mechanical transmission [34,35] while blood-
sucking arthropods such as ticks may serve as biological vectors
[36-38]. Another factor can be the feeding method where animals were
mainly fed via grazing, which allows increased exposure to ectopar-
asites in open grass area. Pastured animals are believed to be more
susceptible to TBDs than those confined [7]. Despite being PCR-posi-
tive, those infected in the present study were apparently healthy. These
findings were similar to another study wherein majority of the hemo-
plasma-infected cattle appeared to be healthy [39].

Although the hematological analysis was not performed in this
study, PCR detection is sufficient in the diagnosis of hemoplasma in-
fection. Studies have reported that cattle infected with M. wenyonii did
not show any significant difference in their hematological parameters
[40] and hematocrit values [33] with those hemoplasma-negative
cattle. Moreover, cattle infected with bovine hemoplasmas showed
significantly lower red blood cells (RBC), hemoglobin (HB) and packed
cell volume (PCV) levels and a higher mean corpuscular volume (MCV)
[7]. These conflicting findings indicate that the sole use of hematolo-
gical results as a basis for diagnosing bovine hemoplasmosis can be
unreliable.

Milk yield data from the cattle were not complete as only 27 had the
information. Thus, only the water buffalo information was used
(Table 3). Mycoplasma sp.- infected animals showed lower milk yield in
2015 than uninfected animals. However, milk yield was observed to be
higher in PCR-positive animals than those negative in 2016 and 2017.
Statistical analysis showed that there is a significant difference in the
milk productivity among Mycoplasma spp.-infected and uninfected
water buffaloes in 2017. No significant differences were observed in the
previous years.

Records showed that the daily milk average of Mycoplasma spp-
negative animals was sub-optimal. Optimal milk values of Murrah
buffaloes, which comprised majority of the water buffaloes, ranges from
6 to 81 per day [41]. This implies that milk production of the animals is
indeed lower than normal, but the degree of the drop is higher for PCR-
negative animals than Mycoplasma sp. — infected groups.

The results of the present study did not coincide with the study of
[13] where hemoplasma- infected groups showed consistent lower milk
yields than hemoplasma-negative animals. In the present study, oppo-
site results were observed as hemoplasma- infected groups showed
higher daily milk average than non-infected animals. Several factors
may have contributed to such results. Among which is the possible
occurrence of co-infection with other pathogens in Mycoplasma sp.-in-
fected animals, which can lead to interference phenomenon where the
effect of one pathogen can hinder the effect of a prior pathogen. The
effect of Mycoplasma sp. in milk productivity was possibly resisted or
hampered by the presence of another pathogen. This interaction was
observed between Theileria orientalis and hemotropic Mycoplasma spp.
in grazing cattle [13]. Another factor is the possible presence of other
pathogens in PCR-negative animals. Previous studies have shown that
besides Mycoplasma spp., other pathogens such as Anaplasma species
and Babesia species can decrease milk production in animals [42,43].

Statistical analysis revealed no significant association between
Mycoplasma sp. positivity and ectoparasites presence. It implies that an
animal can be positive for Mycoplasma sp. even if no ectoparasites are
observed. This observation has been reported in similar studies [44,45].
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Profile parameters in water buffalo also revealed no significant asso-
ciation with Mycoplasma sp. positivity.

The improvement of the dairy industry is among the targets of the
Philippine government. Several research and development endeavours
have been conducted to improve dairy productivity. However, only a
few studies have dealt with pathogens that may have a direct impact on
the dairy animals. Hemoplasmosis is known to affect milk productivity.
Its greatest effect may not be on the direct observable clinical signs, but
on the economic impact it may cause on the dairy production which
may go unnoticed. The present study calls for more studies especially
on the potential effects of this pathogen in the different areas of the
country. As other tick-borne pathogens have been detected, including
Anaplasmosis and Babesiosis, its interaction with the Mycoplasma sp.
can be further studied.

4. Conclusion

M. wenyonii was detected in water buffaloes and dairy cattle in
Bohol, Philippines. Two genera of ectoparasites (Haematopinus spp. and
Rhipicephalus spp.) were observed. The present study reports the first
molecular confirmation of M. wenyonii in dairy cattle and water buf-
faloes in the Philippines.
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