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RESUMO.- [Detecção microbiológica e molecular de 
Mycoplasma bovis em amostras de leite oriundas de 
mastite clínica bovina.] O gênero Mycoplasma inclui mais de 
200 espécies que causam doenças nos animais. É responsável 

por quadros de mastite em bovinos, podendo também estar 
relacionado à outras manifestações como artrite e pneumonia 
em bezerros e novilhas. O presente estudo objetivou a 
detecção de Mycoplasma bovis isolados a partir de amostras 
de leite de mastite clínica bovina, bem como, a comparação 
da taxa de isolamento em dois meios de cultura: Hayflick e 
SP4. Para efeito de triagem amostral, foram avaliadas quanto 
à presença da classe Mollicutes 1166 amostras de leite de 
casos de mastite clínica pela técnica de PCR convencional. 
Das 1166 amostras de leite avaliadas, 8,6% (100/1166) 
foram positivas à classe. Nas análises moleculares, obteve-se 
1,1% (13/1166) de positividade para Mycoplasma bovis na 
PCR convencional e 0,9% (11/1166) na PCR em tempo real. 
Os resultados do cultivo microbiológico das 100 amostras 
triadas previamente demonstraram 6% (6/100) de crescimento 
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The genus Mycoplasma includes more than 200 bacterial species that cause disease 
in animals. It is responsible for causing mastitis in bovines and may be related to other 
manifestations, such as arthritis and pneumonia in calves and heifers. The present study 
aimed to detect Mycoplasma bovis isolated from milk samples of bovine clinical mastitis, and 
to compare the isolation rates in two culture media: Hayflick and SP4. An initial screening was 
performed in order to detect the presence of the class Mollicutes in 1166 milk samples from 
clinical mastitis by the conventional Polymerase Chain Reaction (PCR) technique. According 
to the 1166 milk samples evaluated, 8.6% (100/1166) were positive to class Mollicutes. 
Regarding molecular analyses, 1.1% (13/1166) of conventional PCR for positive M. bovis was 
obtained and 0.9% (11/1166) in real-time PCR. The results of the microbiological culture of 
the 100 samples previously screened demonstrated that 6% (6/100) of colony growth have 
been developed when using the Hayflick medium, and 11% (11/100) when using the SP4 
medium (including the positive on Hayflick medium). Concerning the 11 isolates obtained 
in the microbiological culture, conventional PCR confirmed M. bovis in nine of them, and 
two cultures were negative. In the phylogenetic analysis of the isolates, all of them were 
grouped in M. bovis and M. agalactiae clusters. The results confirmed the importance of 
the presence of M. bovis in the etiology of bovine clinical mastitis and reinforced the need 
for further studies to elucidate other Mycoplasma species that may be involved in bovine 
clinical mastitis in Brazil.
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de colônias ao se utilizar o meio Hayflick e 11% (11/100) ao 
se utilizar o meio SP4 (incluindo as positivas ao primeiro). 
A partir dos 11 isolados obtidos no cultivo microbiológico, a 
PCR convencional confirmou Mycoplasma bovis em nove deles, 
e dois foram negativos para o agente. Na análise filogenética 
dos isolados, todos agruparam no cluster Mycoplasma bovis 
e Mycoplasma agalactiae. Frente aos resultados, ressalta-se 
a importância da presença de Mycoplasma bovis na etiologia 
da mastite clínica bovina e reforça a necessidade de estudos 
mais aprofundados para a elucidação de outras espécies de 
micoplasmas que possam estar envolvidas na mastite bovina.

TERMOS DE INDEXAÇÃO: Detecção molecular, microbiologia, 
Mycoplasma bovis, leite, mastite bovina, micoplasmose, PCR, 
Mollicutes, bovinos.

INTRODUCTION
Mycoplasma bovis is an important agent responsible for 
occasional respiratory problems, clinical mastitis, and sharp 
drop in milk production, especially in large herds (Aebi et al. 
2012). On the other hand, regarding small herds with few 
numbers of animals, the manifestations resulting from the 
presence of M. bovis mainly occur in the form of arthritis and 
pneumonia in calves and heifers (Pfützner & Sachse 1996).

More than 25 species belonging to the class Mollicutes 
cause mastitis and other clinical manifestations in dairy cattle 
(cows and heifers), such as: M. californicum; M. alkalescens; 
M. arginini; M. bovigenitalium; M. canadense; M. dispar; 
M. bovirhinis (Higuchi et al. 2013) and M. bovis (Aebi et al. 2012, 
Nicholas et al. 2016, Al-Farha et al. 2017). In Brazil, the first 
report of the disease in dairy cattle was from Mettifogo et al. 
(1996). So far, in Brazil, few studies have been conducted 
to elucidate the occurrence of Mycoplasma infection in the 
mammary glands in dairy herds. Junqueira  et  al. (2017) 
reported the occurrence of M. bovis (3%) in samples of bovine 
clinical mastitis. Manzi et al. (2018), in a study regarding the 
occurrence of M. bovis in milk expansion tanks, obtained 1.4% 
for the same species.

The prevalence of M. bovis in the herds differs between 
studies. Al-Farha et al. (2017) obtained 76.7% of positive milk 
samples for Mycoplasma spp., and 6.2% of them, M. bovis was 
detected. In a study conducted in herds in Japan, the prevalence 
of M. bovis was higher than in other species obtained in that 
study, representing 59.7% of the isolates (Higuchi et al. 2013). 
In southeastern France, the prevalence of clinical mastitis by 
this agent is less than 1% (Arcangioli et al. 2011).

The identification of mycoplasmas in milk occurs through 
microbiological culture, considered the gold standard for 
detection of infections by this agent. Generally speaking, 
the technique is simple, but specific enrichment culture 
media are required for the different species involved in the 
etiology of mastitis (Brown et al. 2010), sometimes making 
the diagnosis laborious.

Molecular techniques are widely used to identify mycoplasma 
species involved in mastitis (Baird  et  al. 1999, Aebi  et  al. 
2012, Higuchi et al. 2013). Among them, Polymerase Chain 
Reaction (PCR) is the most used then PCR allows rapid and 
sensitive result when compared to microbiological culture, 
furthermore, also has the possibility of identifying different 
species, depending on the use of different species primers.

Considering the importance of mastitis, its negative impact 
on the milk supply chain and the occurrence of M.  bovis 
in dairy cattle reported in the national and international 
literature, the present study aimed to detect this pathogen by 
two techniques molecular: conventional and real-time PCR, 
as well as comparing the detection rate of the agent in two 
culture media, Hayflick and SP4.

MATERIALS AND METHODS
Samples. A total of 1166 milk samples of bovine clinical mastitis 

originated from nine dairy farms in the region were evaluated in 
the area of dairy basin ABCW (Arapoti, Batavo, Castro, Witmarsum), 
– in the state of Paraná (PR) and property located in Sao Pedro, in the 
state of São Paulo (SP), identified from ‘A’ to ‘J’. All properties have 
highly technified bovine production system of bovine milk, being the 
only type of production. The evaluated milk samples were sent to 
the Núcleo de Pesquisa em Mastites – Universidade Estadual Paulista 
(Nupemas-Unesp, Botucatu) for the diagnosis of Mycoplasma spp. 
in the herds, therefore being considered as convenience samples.

DNA extraction. After receiving milk samples, 1mL aliquots 
were kept in microtubes for bacterial DNA extraction. For sample 
screening, DNA extraction was performed following the thermolysis 
method described by Fan et al. (1995). An additional DNA purification 
step consists of adding 10% of the recovered volume of 3M sodium 
acetate solution (molar concentration = 3). Then 2.5x of the recovered 
volume of 100% ice-cold (4°C) ethanol was added, and the material 
was kept at -20°C overnight (Kazemiha et al. 2009).

Conventional PCR for Mollicutes and Mycoplasma bovis. 
Incubation was performed in a Thermal Cycler Mastercycler Gradient 
(EppendorfThe reaction was prepared as follows: 12.5µL GoTaq 
Green Master Mix (Promega), 1µL of each primer, 7.5µL ultra-pure 
water (Gibco) and 3µL of extracted DNA to a final volume of 25μL. 
Initially, class Mollicutes of DNA amplification was performed, and once 
positive, M. bovis DNA amplification was performed using the specific 
primers listed in Table 1. For all reactions, a reference strain M. bovis 
Donetta (ATCC 25523) was used as a positive control. Visualization 
of the amplified material was assessed by an electrophoretic run on 
1.5% agarose gel plus 0.06µL/mL Nancy (Sigma-Aldrich). The gel 
was visualized in UV light transilluminator and the image captured 
by an eletronic documentat system.

Real-time PCR for detection of Mycoplasma bovis. Taqman 
real-time PCR was performed on equipment Applied Biosystems 
Step One TM (Applied Biosystems, Life Technologies Corporation). 
The real-time PCR reaction was prepared as follows: 12.5μL TaqMan 
Universal PCR Master Mix (Applied Biosystems), 10μM of each 
primer, 10μM TaqMan probe, 20ng or 1μL extracted DNA, ultra‑pure 
distilled water (Gibco) to a final volume of 25μL. The  primers 
amplify a gene fragment uvrC with a 112 base pair product and 
show specificity for M. bovis using GenBank (Clothier et al. 2010) 
and are described in Table 1. To determine the sensitivity of the 
PCR reaction, serial dilutions of pure culture M. bovis Donetta were 
prepared. All reactions were performed in duplicate in 96-well 
plates, sealed with optical seal film.

Modified Hayflick and SP4 insulation. For isolation of Mycoplasma 
species, 10µL of each PCR-positive milk sample was cultured for 
Mollicutes in supplemented Hayflick solid medium as described 
by Whitford et al. (1994) plus 0.01% thallium acetate (González & 
Wilson 2003), as well as SP4 medium, according to Tully (1995). 
Incubation was performed in a 5% microaerophilia environment in 
a CO2 greenhouse, observing microbial isolation three, five, seven, 
and 10 days after incubation. Microbial growth was monitored by the 
stereoscopic magnifying glass (Model ZEISS SteREO Discovery.V8), 
at 3x magnification; positive results are those with colonies with 
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characteristic “egg-fried” aspect (Pretto et al. 2001). Once positive, a 
colony was removed along with the culture medium and inoculated 
into broth Pleuropneumonia-like-organisms (PPLO) plus 1% 
arginine for growth promotion. The isolates were identified by PCR 
to detect M. bovis.

16S rRNA gene sequencing of isolates. The sense and antisense 
sequences obtained as electropherograms were visualized in Chromas 
software version 2.6.5 (Technelysium Pty Ltd 1998-2018©), and 
manually checked for edge removal and identification of errors or 
discrepancies. Next, the sequences were submitted to BLASTn1 in 
order to confirm the identity of the products obtained in PCR. They 
were then submitted to multiple alignments by the method ClustalW 
in the MEGA X program (Kumar et al. 2018), along with 13 other 
sequences from eight different mycoplasma species, including 
species whose isolation from bovine dairy cattle were reported in 
the literature (Gioia et al. 2016). The sequence of the M. bovis Donetta 
strain, used as a positive control in PCR assays, was also included.

The phylogenetic reconstruction was also performed in the 
MEGA X program by the Maximum Likelihood method, using the 
replacement model Kimura 2-parameter, assuming that some sites 
were evolutionarily invariable ([+ I], 66.24%) (Kimura 1980). This 
replacement model was defined as the most appropriate to the 
database, determined by the model selection procedure in MEGA X, 
and the one with the lowest score under the Bayesian Information 
Criterion (BIC). The consensus tree was inferred from 1000 Bootstrap 
replicates (Felsenstein 1985). The first trees for the heuristic 
search were obtained automatically by applying Neighbor-Join and 
BioNJ algorithms in an array of estimated peer distances using the 
Maximum Composite Likelihood (MCL), then selecting the topology 
with superior log likelihood value.

RESULTS
Molecular analysis

Regarding the 1,166 milk samples analyzed from clinical 
mastitis cases, 8.6% (100/1166) were positive in molecular 
detection for class Mollicutes. By investigating the presence 
of M. bovis in the 100 positive samples for class Mollicutes, 
1.1% (13/1166) positive results for conventional PCR were 
obtained, while real-time PCR was 0.9% (11/1166). The positive 
results at least presented in one of the molecular analyzes 
for detection of M. bovis was 1.4% (16/1166) in five of the 
ten properties evaluated.

Considering the positive result for M. bovis, in any of the 
techniques used in this study, either molecular or microbiological 

1 Nucleotide Basic Local Alignment Search Tool (BLAST), National Center 
for Biotechnology Information (NCBI), U.S. National Library of Medicine, 
Bethesda, Maryland, USA. Available at <http://www.ncbi.nlm.nih.gov/
BLAST>

analysis, 1.5% (17/1166) of positive samples for this agent 
was obtained.

Three samples were negative to conventional PCR for 
M. bovis, however, positive samples were detected in real-time 
PCR. Eight samples were positive in both molecular tests. 
Five samples were negative for real-time PCR and positive 
for conventional PCR.

Considering that convenience samples were chosen 
among a total of 10 properties, with at least one positive 
milk sample for M. bovis, 50% (5/10 - A, B, C, D, and F) of 
the properties were positive for M. bovis when evaluated by 
molecular techniques.

Sequencing analysis
Concerning to the amplified product of the isolates and 

sequencing, the isolates were similarly grouped for M. bovis, 
confirming the results obtained in PCR from the analysis of 
clinical mastitis milk. Two negative isolates for conventional 
PCR in M. bovis were also grouped with similarity to the same 
agent in the phylogenetic analysis.

Microbiological analysis
The 100 PCR-positive milk samples for class Mollicutes were 

grown in modified Hayflick medium, and SP4 supplemented 
medium. Isolation of 6% (6/100) for the genus Mycoplasma 
were obtained from Hayflick, and 11% (11/100) from SP4, 
and all Hayflick positive samples were also SP4 positive. SP4 
culture medium has been shown to be 18.8 times higher 
for isolation of the genus Mycoplasma (P=0.0253) when 
compared to isolation of Mycoplasma in Hayflick medium 
(95% IC=8.01-44.05).

One sample was negative in both molecular tests for 
M.  bovis detection originated from the clinical mastitis in 
milk samples. However, there was a growth of colonies in the 
microbiological culture. The isolate obtained after cultivation 
was confirmed as M. bovis in conventional PCR technique.

Three analyzed clinical mastitis in milk samples were 
positive for all tests performed: conventional and real-time 
PCR, Hayflick medium, and SP4 medium.

DISCUSSION
Molecular analysis

The M. bovis research on bovine milk samples is widely 
performed due to the higher prevalence and importance of 
this pathogen in the etiology of mastitis, reported in previous 
studies (Aebi  et  al. 2012, Higuchi  et  al. 2013, Gioia  et  al. 
2016). The detection of 1.4% of this species obtained in the 

Table 1. Oligonucleotide sequences used in conventional and real-time PCR reactions for the detection of Mycoplasma bovis 
in bovine clinical mastitis in milk samples

Oligonucleotide sequence Amplicon Gene Reference
MGSO 5’ TGC ACC ATC TGT CAC TCT GTT AAC CT 3’ 270pb 16S rRNA Van Kuppeveld et al. (1992)
GPO-3 5’ GGG AGC AAA CAG GAT TAG ATA CCC T 3’
MBOf 5’ CCT TTT AGA TTG GGA TAG CGG ATG 3’ 360pb 16S rRNA González et al. (1995)
MBOr 5’ CCG TCA AGG TAG CAT CAT TTC CTA T 3’
Mbov F2024 5’ TCT AAT TTT TTC ATC ATC GCT AAT GC 3’ 112pb uvrC Clothier et al. (2010)
Mbov R2135 5’ TCA GGC CTT TGC TAC AAT GAA C 3’
Mbov uvrC FAM - AAC TGC ATC ATA TCA CAT ACT - MGB
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present study is lower than that reported by other authors 
(Higuchi et al. 2013, Lysnyansky et al. 2016).

It is important to note that no studies are referred to the 
etiology of Mycoplasma spp. infection in the mammary glands 
in Brazil, this way being difficult to compare the occurrence 
of the most prevalent species of this agent in the country. 
The literature provides data related only to the occurrence of 
M. bovis in dairy herds. In milk expansion tanks, Manzi et al. 
(2018) obtained a 1.4% prevalence of M. bovis, in 67 tank 
samples analyzed. Junqueira  et  al. (2017) analyzed milk 
samples from clinical mastitis and reported the occurrence 
of 3% of M. bovis detected by conventional PCR.

On the other hand, in other countries, the occurrence of 
other Mycoplasma spp. is widely studied. In a study conducted 
in Japan, Higuchi et al. (2013) obtained 89% (184/208) of 
fourth breasts infected with only one species of mycoplasma, 
being: M. bovis the most prevalent, followed by M. alkalescense, 
M. californicum, M. arginini, M. canadense, M. bovigenitalium 
and M. adleri. Furthermore, it is noted that some animals 
were coinfected with more than one species of Mycoplasma.

In New York State, United States of America (USA), the 
prevalence of M. bovis was reported to be highest among other 
Mycoplasma spp.. Gioia et al. (2016) described the occurrence 
of the following species of class Mollicutes, responsable for 
causing mastitis: 78% of M. bovis; 17% of M. alkalescens; 11% 
of Acholeplasma laidlawii; 10% of M. bovigenitalium; 10% of 
M. canadense; 3% of M. californicum; 2% of M. arginini; 2% 
of Acholeplasma oculi and 1% M. bovirhinis.

PCR is a molecular tool widely used in research involving 
a variety of samples, including milk samples. One of the 
obstacles to this technique is the presence of Taq polymerase 
inhibitors that may trigger false negative reactions. These 
inhibitors may be from the sample itself or introduced during 
some reaction step. Milk samples naturally have calcium and 
fat in their composition, which may inhibit PCR depending 
on the concentrations (Schrader et al. 2012). Powell et al. 
(1994) could find in milk, a natural Taq polymerase inhibitor, 
in other words, plasmin, a component capable of inhibiting 
the PCR reaction.

It is suggested the presence of some PCR inhibitor in the 
milk of one of the evaluated samples. The referred clinical 
sample was decisive in the detection of class Mollicutes; 
on the other hand, had a negative impact on both molecular 
techniques for the detection of M. bovis. However, it was 
positive in microbiological culture for that species. This fact 
suggests a false negative result for M. bovis from milk analysis. 
The possibility of a low concentration of DNA from M. bovis in 
the clinical sample may be related to this finding. Real-time 
PCR amplifies specific regions of the bacterial genome from 
minimal amounts of DNA (Valasek & Repa 2005), and real-time 
PCR is more sensitive than conventional PCR. However, this 
sensitivity depends directly on the quality of genomic DNA. 
Templeton et al. (2003) compared diagnostic techniques for 
the detection of M. pneumoniae and concluded that real-time 
PCR is more sensitive, specific, and superior to conventional 
PCR in detecting the pathogen in samples from adult patients 
with infection of lower respiratory tract. The present study 
did not evaluate the sensitivity between the two techniques 
in the detection of M. bovis.

The thermolysis method is a “non-onerous” and simple 
option, but it could be detected results with lower DNA quality 

DNA than commercial kits, with proteins or other PCR inhibitors. 
However, it is a feasible technique for diagnosing Mycoplasma 
spp. in milk, with excellent results obtained and already 
standardized. The group decided to perform the extraction 
by this method, followed by a protocol of DNA purification to 
obtain a better quality analytical material, taking into account 
the costs and practicality of the method. For conventional PCR, 
it was possible to use thermolysis method with satisfactory 
results in detecting M. canadense and M. californicum from 
isolates of milk samples (Tamiozzo et al. 2014).

In the present study, the efficiency of extracted DNA was 
not evaluated for the presence of inhibitors or cell lysis, and 
also the thermolysis protocols were not compared with other 
data, so it could not be affirmed if false-negative results were 
resulting from poor DNA quality, by considering the DNA 
extraction used.

The differentiation of M. agalactiae and M. bovis species 
from the sequence of their 16s rRNA is difficult to detect due to 
their high similarity between their 16s rRNA (Königsson et al. 
2002, Bashiruddin et al. 2005). Among the isolates obtained in 
the present study, two of them were opposite to conventional 
PCR for positive M. bovis from bovine clinical mastitis in milk 
sample for the same agent. In sequencing analysis, the results 
from the isolates were grouped in cluster that includes the 
species M. bovis and M. agalactiae, due to the high similarity 
between them.

Given the positive molecular results for M. bovis obtained 
from clinical mastitis in milk samples, it is suggested that two 
species, even without the amplification of the isolate, would 
be responsible for their epidemiology in animals. However, 
it is suggested to use other primers and further studies to 
investigate variations or mutations that may be occurring in 
these isolates to confirm this theory (Lysnyansky et al. 2008).

The epidemiology of the two species, M. bovis and 
M.  agalactiae in animals, are distinct. The first occurs in 
cattle, mainly causing mastitis, pneumonia, and arthritis 
(Pfützner & Sachse 1996), and the second, in small ruminants, 
responsible for contagious agalactia (González et al. 1995). 
There are reports of the incidence of M. agalactiae in bulls 
with the involvement of ocular, cerebral, and auditory canal 
(Catania et al. 2016), however, regarding mastitis, there are 
no reports so far.

The properties evaluated in the present study use high 
technology for the production of bovine milk and no goat 
or sheep rearing; therefore, M. agalactiae bovine mastitis is 
unlikely to occur in this study.

Microbiological analysis
The difficulty in isolating Mycoplasma spp. in culture 

medium is known due to the characteristics related to the 
different species. To growth the detection of other species, 
two culture media were used in the present study, but there 
was no growth of different species of M. bovis.

Modified Hayflick medium is recommended for the isolation 
of M. bovis in milk samples (Pfützner & Sachse 1996) and 
successfully used by several authors (Pretto et al. 2001, Cai et al. 
2005, Riekerink et al. 2006). The use of more than one culture 
medium may increase the isolation rate of Mycoplasma spp., 
as observed by Lai et al. (1986), when comparing Chalquest 
and Hayflick’s means for detecting M. pulmonis, with 92% 
and 66% bacterial isolation, respectively.
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Tortorelli et al. (2017) obtained only positive isolation on 
Hayflick medium in 32 sections of bovine respiratory disease, 
stressing a low percentage when compared to other studies. 
The authors also observed that the result of bacterial isolation 
is often not associated with PCR in a positive way, comprising 
negative molecular and positive culture results. This result 
could also be observed in the present study.

The samples used in this study were satisfactory, i.e., referred 
for diagnosis of Mycoplasma spp. in different herds. All samples 
were obtained frozen and kept at freezing temperature for a 
period of up to one month to be processed. Freezing causes a 
decrease in the number of viable microorganisms that cannot 
be recovered in microbiological cultivation (Parker et al. 2018). 
The low isolation rate obtained in the present study may be 
associated with freezing or thawing of milk samples, viable 
microbial load reduction, and the possibility of false-negative 
results in microbiological culture.

The occurrence of negative results to the microbiological 
culture associated with concomitant positive PCR results is 
reported in the literature (Férandon  et  al. 2011). Positive 
results in microbiological cultivation may vary between 
different studies. The use of more than one type of culture 
medium can influence the results positively since it is known 
that mycoplasma species present different mechanisms of 
bacterial growth. Férandon  et  al. (2011) obtained 29.4% 
(45/153) of positive results in the microbiological culture, 
superior to that obtained in the present study, which was 
11%, and may be related to the quality and cell viability of 
the samples analyzed.

The high percentage of negative samples in the culture 
can be mainly due to the possibility of cellular unfeasibility. 
However, the culture medium was not specific for all Mycoplasma 
spp., considering that only M. bovis was identified in PCR. 
In addition to these aspects, the possibility of other pathogens 
present in the samples should be considered, seeing that 
may occur microbial competition, thus hinder the isolation 
of Mycoplasma spp., considering the longer time required 
for isolation.

It is expected that the PCR results may outperform 
microbiological culture, whereas detecting degenerate DNA 
from non-viable mycoplasmas or negative cultures may contain 
a low concentration of detectable DNA in PCR. This finding 
was observed in the present study, with 89% of negative 
samples in microbiological culture.

CONCLUSION
It was possible to confirm the presence of M. bovis by using 
genetic sequencing. The use of SP4 culture medium increased 
the detection rate of viable mycoplasmas when compared 
to Hayflick’s medium, and its use is satisfactory for the 
microbiological diagnosis of M. mastitis.
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