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ABSTRACT. Mycoplasma bovis is well known as one of the major causative agents of mastitis in dairy cattle herds. 
The aim of this study was the identification of Mycoplasma bovis strains by PCR and traditional culture methods from 
a total number of 328 milk samples collected from cows with clinical mastitis symptoms from all over Iran. First step 
cultures in PPLO broth and agar showed 58 samples (17.69%) as positive. Out of 328 samples, 97 samples (29.57%) 
were positive for Mycoplasma genus according to the amplification of the 16SrRNA gene performed by PCR and from 
them, 31 (31.97%) samples were positive by PCR on the P48 gene. The purified P48 positive PCR products were 
sequenced and results were compared to M. bovis reference strain PG45 (CP002188). A phylogenic tree was created 
using Neighbor-joining method in MEGA6 software. The studied strain IB220 showed 100% identity with the reference 
strain of M. bovis and followed the same phylogenetic roots while studied strain IB216 showed 99.7% homology with 
the reference strain. Twelve selected geographical isolated strains were subjected to Gene Bank under accession num-
bers of KX772789 to KX772800. This is the first study of the molecular characterization of Mycoplasma bovis in dairy 
cattle with clinical mastitis from Iran. 
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1. INTRODUCTION
Mycoplasma bovis is well known as one of the 

major causative agents of mastitis in dairy cattle 
herds. The bacteria infection can also cause abortion, 
infertility, arthritis, kerato-conjunctivitis, otitis media, 
pneumonia, and subcutaneous abscesses which lead 
to huge economic losses worldwide (Giacometti et 
al., 1999; Nicholas and Ayling, 2003). There are at 
least 11 other Mycoplasma species associated with 
mastitis outbreaks in cattle, but the infection induced 
by M. bovis is characterized by the increased num-
ber of severe clinical mastitis that are mostly non-re-
sponsive to treatment. Mycoplasma are small pro-
karyotes with simple encoding gene treasure which 
cause numerous diseases in cattle of dairy farms such 
as arthritis and mastitis which lead to huge econom-
ic losses worldwide (Hotzel et al., 2003). The organ-
ism is also known as the main causative agent of ther-
apy-resistant mastitis on large dairy farms. Tradi-
tional methods of detection and isolation of Myco-
plasma strains such as serological and culture meth-
ods are time consuming, so the more sensitive bio-
logical methods such as PCR, are widely used for the 
detection and molecular analysis of various bacteria 
such as M. bovis strains in every microbial laborato-
ries worldwide (Kirk and Lauerman, 1994). P48 is a 
membranous lipoprotein of slightly lower than 48kDa 
that is homologous to the family of the Macrophage 
Activator Lipoproteins (MALPs) and it is coded via 
a conserved sequences specific to the M. bovis species 
(Wawegama et al., 2014), so the sequence of M. bovis 
strain PG45 under accession number of CP002188 was 
selected (Wise et al., 2011) to compare with the strains 
detected in this study. The encoding gene sequence of 
lipoprotein P48 is recorded as accession numbers of 
DQ020481 and DQ020482 at Gene Bank (Lysnyan-
sky et al., 2008) and it is known as one of the virulence 
factors of M. bovis species (Li et al., 2011). As the P48 
gene is well conserved in all M. bovis strains, prim-
ers with high sensitivity and specificity were designed 
(Fu et al., 2014), and used for the amplification of P48 
gene. The immunogenicity of P48 is also well known 
as one of the identified immunodominant membrane 
protein of M. bovis surface antigenic variation (Beh-
rens et al., 1994). Robino also studied the conserved 
surface lipoprotein P48 as a marker for the detection 
of M. bovis strains (Robino et al., 2005). One of the 
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housekeeping genes which are known as conserved 
sequences in organisms, is uvrC encoding gene con-
sidered as M. bovis marker’s too (Thomas et al., 2004). 
The uvrC encodes deoxyribodipyrimidine photolyase 
which removes damaged DNA and play the role in the 
repairing system in Mycoplasma species (Hotzel et al., 
2003). The study of the sequences of the uvrC encod-
ing gene sequence may lead to understanding of the 
phylogenic relations of different strains of M. bovis 
species. Rossetti used a novel designed pair of primers 
for the amplification of the uvrC gene by Real-time-
PCR as the bio marker of M. bovis strains (Rossetti et 
al., 2010). Because of the important role of M. bovis in 
clinical mastitis in dairy herds, this study was designed 
to isolate and characterize M. bovis strains originated 
from different clinical mastitis cases from all over Iran, 
using two traditional culture-biochemical methods in 
comparison to highly sensitive molecular tools such as 
the PCR method.

2. MATERIALS AND METHODS
Sampling was done from a huge survey population 

of dairy cow husbandries from all over Iran, from 
April 2015 to May 2016. Raw milk samples were col-
lected from 328 cows suffering from clinical signs of 
mastitis. The samples were immediately placed in test 
tubes with transport Mycoplasma medium and then 
transferred on ice to the Mycoplasma reference lab-
oratory of Razi Vaccine and Serum Research Insti-
tute, Karaj, Iran, in 24 hours and incubated at 37°C 
for 12-18 hours with CO2. After the primary concen-
tration of Mycoplasma bacteria in the PPLO broth, 
700µl of each cultured sample was added to 5ml new 
sterile PPLO broth using specific antibacterial fil-
ter (PVDF) which is permeable to organisms smaller 
than 450nm in size such as Mycoplasma and viruses. 
Main cultures were incubated at 37° under CO2 gas 
treatment for two weeks. As M. bovis considered a 
non-glucose fermentative species, the red color of the 
PPLO cultures was notified as a positive biochem-
ical sign of the specific growth of M. bovis species. 
700µl of each sample were stored at -70°C for DNA 
extraction. 200µl of M. bovis PPLO culture were used 
on PPLO agar and incubated at 37° under CO2 condi-
tion. The detection of Mycoplasma specific colonies 
after 5-7 days, was considered as a positive sign of 
the isolation of M. bovis bacteria.
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(Bashiruddin et al., 2005), 94 °C (2min) of initial 
denaturation and then 35 cycles of denaturation at 
94 °C (30s), annealing at 52 °C (30s), elongation 
at 72 °C (60s) and final extension in 72 °C (7min).

PCR products were subjected to electrophoresis on 
1.5% agarose gel in TBE buffer (1X) at 100V and 
were visualized under UV light by Erythro-gel stain-
ing (Biotium, USA). All the positive detected P48 PCR 
products presenting the specific 1341bp length band, 
were purified by PCR Product Purification Kit follow-
ing the instructions of the manufacturer (MBST, Iran). 
The purified PCR products of the P48 amplified target 
gene were sent for bidirectional sequencing (Bioneer, 
Korea). Sequencing results were compared with oth-
er P48 sequences recorded in Gene Bank using the 
Bio-Edit software. Phylogenic tree were designed by 
the Bootstrap1000 and Neighbor-Joining Tree analysis. 
The statistical analysis for significance of difference 
between age, rate of production and herd size with the 
prevalence, was done using Chi-Square test. 

3. RESULTS 
Culture results on PPLO agar growth showed 

fried egg appearance in 58 out of total 328 (17.69%) 
raw milk samples under light microscopy. Cultures 
showed that 270 milk samples (82.31%) were nega-
tive. We also analyzed with PCR the negative cultures 
of the samples. 16SrRNA gene PCR results showed 97 
out of 328 (29.57%) positive samples, including the 
58 positive culture results, which indicates that the 39 
samples with negative culture results were positive by 
PCR indicating the higher sensitivity of the method. 
231 samples (70.43%) were negative according to the 
PCR of the 16SrRNA gene. All of the culture positive 
samples were showed as positive by the PCR results, 
as shown in Figure 1.

Table 1. Primer pairs for amplification three encoding genes of 16SrRNA, P48 and uvrC.

2.1. DNA Extraction and primers design
DNA was extracted from identified biochemical-

ly Mycoplasma colonies using Phenol-Chloroform 
extraction method (Pourbakhsh, 2010). A pair of 
Mycoplasma genus specific primers was designed 
for the first step of screening and the discrimination 
from other probable bacteria. 16SrRNA gene was 
selected as the target gene for detecting the genus, as 
described by Kojima (Kojima et al., 1997). Then two 
pairs of M. bovis species specific primers on P48 and 
uvrC genes were designed as described by Fu and 
Sabramaniam, respectively (Fu et al., 2014; Sabrama-
niam et al., 1998) (Table 1). 

2.2. PCR of 16SrRNA gene for detection of Genus 
Mycoplasma

10ng of extracted DNA subjected as template in 
100 microliter total reaction volume of 2µl of each 
primers (20µM, Cinnagen, Iran), 2µl of each dATP, 
dTTP, dGTP and dCTP (200µM Fermentase), 10µl 
of 10X PCR buffer, 2.5U Taq DNA polymerase 
enzyme (2500U - 5U/µl - Cat. No. DP1603) (Cinna-
gen, Iran), 1.5 mM MgCl2 in an automated Thermo 
cycler (FALC, Germany) under the following pro-
grams:
a)	 for the 16SrRNA encoding gene (Kojima et al., 

1997), 94 °C (7.5min) of initial denaturation and 
then 30 cycles of denaturation at 94 °C (30s), 
annealing at 56 °C (30s), elongation at 72 °C (60s) 
and final extension in 72 °C (5min). 

b)	 for the amplification of P48 encoding gene (Fu 
et al., 2014), 94 °C (4min) of initial denaturation 
and then 35 cycles of denaturation at 94 °C (60s), 
annealing at 58 °C (60s), elongation at 72 °C 
(100s) and final extension in 72 °C (10min). 

c)	 for the amplification of uvrC encoding gene 

Genus specific 
primers

M1F16Sr RNA GCTGCGGTGAATACGTTCT163bpKojima  
et al.,  
1997 M3RTCCCCACGTTCTCGTAGGG

Species specific 
primers (1)

IMB-FP48GCTTCATGTGGTGATAAATACTTTA1341bpFu et al.,  
2014 IMB-RCTATTTTTGTGTTTCTTTAGCCAAT

Species specific 
primers (2)

MbouvrC-LuvrCTTACGCAAGAGAATGCTTCA1626bpBashiruddin  
et al., 2005 MbouvrC-RTAGGAAAGCACCCTATTGAT
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Species specific PCR on P48 gene was performed 
on samples which were proved as Mycoplasma by 
PCR of the 16SrRNA gene. Results showed 31 out 
of 97 strains as M. bovis species and 66 samples 
were negative, belonging to other Mycoplasma spe-
cies, Figure 2. The prevalence of clinical mastitis 
caused by M. bovis in this study was calculated as 
31.97%. 

Another PCR with species specific designed prim-
ers on the uvrC gene, was performed on randomly 
selected samples which proved as M. bovis by P48 
specific primers as mentioned above. Results showed 
a 1626 bp PCR product as expected, Figure 3.

12 sequenced strains of this study as shown in the 
table 2 were aligned and analyzed by Bio-Edit soft-
ware and were compared to Mycoplasma bovis PG45 
MU clone A2 complete genome, recorded at Gene 
Bank under accession number CP002188. PCR prod-
ucts of PG45 amplification test were selected for 
sequencing and results were compared using online 
multi nucleotide sequence BLAST software. Twelve 
strains isolated from different geographical areas 
were compared. Results showed the maximum and 
minimum identity of 100% and 99% among these 
geographical obtained strains as shown in table 2. 
From the 12 selected strains only two strains (Que-
ry_160084 and 160085) had 99% identity.

Strain IB220 showed the maximum identity with 
the reference M. bovis sequence and the other strains 
showed a minimum identity of 99% (Table 3). 

Finally, the above twelve strains were further ana-
lyzed for phylogenic tree (Figure 4). The phylogen-
ic tree that was based on the molecular analysis and 
BLAST comparison results also confirmed the 100% 
identity of the strain IB220 with the reference strain 
of M. bovis in Gene Bank following the same phy-
logenetic roots, while the studied strain of IB216 has 
the identity of 99.7% with the reference strain. Align-
ment results showed 99.7% similarity between IB220 
and IB216 samples and 99.8% similarity to oth-
er strains of the study as well. All the 12 geographi-
cal isolated strains from different parts of the coun-
try that were sequenced in this study were subjected 
to Gene Bank under accession numbers of KX772789 
to KX772800. 

Fig 1. PCR results of the amplification of the 16SrRNA 
gene.
M: Marker 100bp, PC: Positive Control (M. bovis 
ATCC 25523/ PG45), NC: Negative Control, 1-7: 
Mycoplasma detected samples. 

Fig 3. PCR results using specific Primers uvrC.
M: Marker 100bp, PC: Positive Control (M. bovis 
ATCC 25523/ PG45), NC: Negative Control, 2-6: Sus-
pected samples, 1, 7, 8 are negative samples. 

Fig 2. PCR results using specific Primers P48.
M: Marker 100bp, NC: Negative Control (M. agalactiae 
NCTC 10123), PC: Positive Control (M. bovis ATCC 
25523/ PG45), 1-6: 1341 bp length PCR products of M. 
bovis species.
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In order to study the relation between the age and 
the prevalence of the infection, samples were classified 
in five different groups including 65 samples (2 posi-
tive, 63 negative) at age 24-36 months, 56 samples at 
age 36-48 months (4 positive, 52 negative), 76 samples 
at age 48-60 months (8 positive, 68 negative), 42 sam-
ples (12 positive, 30 negative) at age 60-72 months and 
89 samples at age more than 72 months (5 positive and 
84 negative). In our study, there was statistical sig-
nificance in the incidence of M. bovis mastitis among 
the different age groups (P<0.05). 

Study analysis showed the prevalence of 38.71% 
infection in high rate of production cows, 38.71% 
in cows with moderate rate of production and 22.58 
% in cows with low rate of milk production. This 
study did not show statistically significant between 
the prevalence and rate of production (P>0.05). The 
majority of positive samples were in the herds with 
the average size of over than 800 cows. There was 
significant relation between herd size with the inci-
dence of infection (P<0.05). Results also showed that 
142 out of total 328 milk samples were taken from 

Table 2. Results of antimicrobial susceptibility testing in Salmonella isolates.

Table 3. BLAST comparison analysis of 12 selected strains with the reference strain of PG45 ATCC 25523. IB220 
showed 100% identity with the reference strain.

	 Max score  	 Total score 	 Query cover 	 E value  	 Identity  	  Accession
IB252	 2091	 2091	 100%    	 0.0	 100%	 Query_160091
IB240	 2091	 2091	 100%	 0.0	 100%	 Query_160089
IB239	 2091	 2091	 100%	 0.0	 100%	 Query_160088
IB230	 2091	 2091	 100%	 0.0	 100%	 Query_160087
IB228	 2091	 2091	 100%	 0.0	 100%	 Query_160086
IB215	 2091	 2091	 100%	 0.0	 100%	 Query_160083
IB40	 2091	 2091	 100%	 0.0	 100%	 Query_160082
IB20	 2091	 2091	 100%	 0.0	 100%	 Query_160081
IB13	 2091	 2091	 100%	 0.0	 100%	 Query_160080
IB216	 2085	 2085	 100%	 0.0	 99%	 Query_160084
IB241	 1890	 1890	 90%	 0.0	 100%	 Query_160090
IB220	 1801	 1801	 86%	 0.0	 99%	 Query_160085

	 Max score    	 Total score 	 Query cover  	 E value   	 Identity  	  Accession  
IB20	 2252	 2849	 0%	 0.0	 99%	 Query_41471
IB228	 2248	 2846	 0%	 0.0	 99%	 Query_41476
IB252	 2242	 2840	 0%	 0.0	 99%	 Query_41481
IB230	 2242	 2840	 0%	 0.0	 99%	 Query_41477
IB240	 2231	 2829	 0%	 0.0	 99%	 Query_41479
IB239	 2231	 2829	 0%	 0.0	 99%	 Query_41478
IB216	 2217	 2809	 0%	 0.0	 99%	 Query_41474
IB40	 2213	 2810	 0%	 0.0	 99%	 Query_41472
IB215	 2207	 2805	 0%	 0.0	 99%	 Query_41473
IB13	 2085	 2683	 0%	 0.0	 99%	 Query_41470
IB241	 1884	 2473	 0%	 0.0	 99%	 Query_41480
IB220	 1807	 2367	 0%	 0.0	 100%	 Query_41475
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99.1%, respectively. Also, the sensitivity and speci-
ficity of PCR on bulk tank milk compared with cul-
tures of the same samples are 100% and 99.8%, 
respectively (Baird et al., 1999). In the study by Pin-
now and colleagues, the sensitivity of Nested-PCR 
for the detection of M. bovis in milk kept for 2 years, 
was 100%, while the sensitivity of culture was 27%; 
so this approach was introduced as an appropriate 
method to identify and isolate M. bovis in clinical 
samples (Pinnow et al., 2001). 

It was indicated that the identification of M. bovis 
strains in cattle herds and the evaluation of their 
pathogenicity and antigenic variation is important 
(Behrens et al., 1994). P48 is a membranous lipo-
protein of 48kDa weight that is homologous to the 
family of the Macrophage Activator Lipoproteins 
(MALPs) and is coded via a conserved sequence 
specific to the M. bovis species (Wawegama et al., 
2014). As the P48 gene is a conserved sequence in 
all M. bovis strains, designed primers by Fu (Fu et 
al., 2014), were used for amplification the P48 gene 
in this study. Robino also studied the conservative 
surface lipoprotein P48 as a marker for the detec-
tion of M. bovis strains (Robino et al., 2005). Study 
of P48 sequence may lead to understand the phylo-
genic relations of different strains of M. bovis spe-
cies. Specific PCR of P48 gene was done on sam-
ples identified as Mycoplasma by PCR on 16SrRNA 
gene. Results revealed that 31 out of 97 Mycoplasma 
detected samples were belonged to M. bovis species 
(31.97%) and 66 samples (68.04%) were belonged to 

cows with the clinical recorded history of 1 to 10 
times acute mastitis. 

4. DISCUSSION
 Mycoplasma bovis is widely known to be the most 

important etiological agent of various bovine dis-
eases leading to huge economic losses (Pfützner and 
Sachse, 1996). In current study Mycoplasma bovis 
from mastitic milk of cattle farms in Iran were isolat-
ed and identified using PCR and culture methods. As 
clinical and pathological signs are not characteristic 
for M. bovis infection, laboratory diagnosis is neces-
sary. Traditional methods for detection and isolation 
of Mycoplasma strains are time consuming, so more 
sensitive methods such as PCR, are widely used in 
every microbial labs. In this study culture results of 
milk samples showed 58 out of total 328 (17.69%) 
M. bovis bacteria with fried egg appearance under 
light microscopy. In a conducted study, comparing 
obtained isolates with existing isolates in Gene Bank 
based on the gene sequence 16SrRNA proved 100 
percent similarity between isolates (Cai et al., 2005).

 Except for the 58 samples identified as positive by 
cultures, 39 samples from the negative cultures were 
found positive in the 16SrRNA encoding gene PCR. 
All of the positive samples detected by culture were 
led to positive PCR results. The comparison of the 
two methods of PCR and the cultures for the detec-
tion of mycoplasma species in milk samples, showed 
that sensitivity and specifity of PCR are 96.2% and 

Fig. 4. The Phylogenic Tree drawn by Tree was drawn using Neighbor-joining method in MEGA6 software.
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age more than 1 year old with the prevalence of 10.5% 
infection following by a rate of infection up to 9.61% 
in cows at age 3 with no reliable relations between 
the age of prevalence and rate of pregnancy in cattle 
(Fu et al., 2014). The most positive cases were relat-
ed to cattle with herd size 800-1500 (45.16%) and cat-
tle with 1500 herd size and higher (32.25%), respec-
tively. This is consistent with findings in other stud-
ies. Research in United States showed that an increase 
of mycoplasma mastitis is associated with an increase 
in herd size. It had been shown that risk of M. bovis 
mastitis and possibility of a positive sample in a big 
herd with more than 350 cattle, is 15 times higher 
than herds with fewer than 350 cattle and the same it 
is in their milk tanks (Park, 2014). In other study in 
dairy herds in Northern Italy that was conducted on 
a sample of clinical mastitis in dairy cows, the results 
showed that the occurrence of mastitis is common in 
larger herds (Radaelli et al., 2011).

5. CONCLUSIONS
 In this study results showed the highest prevalence 

of positive samples in cows with average and high 
production rates. The highest prevalence belongs to 
4-6 years old group, high production cows with the 
average size of over than 800 cows. This is the first 
study on the isolation, identification and molecular 
characterization of Mycoplasma bovis infection in 
dairy cattle with clinical mastitis from Iran. Results 
suggested M. bovis as one of the main causative 
agents of dairy cow mastitis in Iran. 
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other Mycoplasma species. The results of the study 
demonstrated that the cattle farms from Iran were 
infected with M. bovis. The pollution is very differ-
ent compare to the rest of the world as the presence 
of bacteria in milk samples in this study was low-
er than its presence in Italy (Radaelli et al., 2011) 
and higher than other countries such as France (Arc-
angioli et al., 2011). Sequenced strains of this study 
were aligned and analyzed by Bio-Edit software and 
were compared to other P48 sequences of M. bovis 
recorded at Gene Bank (NCBI). The results of align-
ment analysis indicated that the majority of the M. 
bovis strains, which was isolated from Iranian cows, 
had 99-100% homology to the reference strain of M. 
bovis. In previous studies, other gene was used for 
evaluating phylogenetic relationship among the iso-
lated M. bovis strains. So far, there was no study 
based on P48 gene examining the phylogenetic rela-
tion between M. bovis strains, but other studies have 
been conducted on the basis of other genes. In Egypt, 
assigning of Vsp genes sequence for molecular anal-
ysis of the isolated M. bovis strains showed that some 
isolates have homology with reference strain PG45 
and some other were divided into different groups 
(Eissa et al., 2012). In Germany, the phenotypic 
changes of M. bovis isolated from culture methods 
and specific PCR was shown that the isolated strains 
are different from PG45 and there is dissimilarity 
between them; 5 isolates had identical DNA profiles 
but three other isolates performed different patterns. 
The results showed that protein patterns within spe-
cies M. bovis strains can be very useful for the com-
parison (Hala and Hotzel, 2013). 

 According to studies, cows in all ages may be 
affected by this type of mastitis but fresh cows mostly 
show severe symptoms (Radostits et al., 2000). In this 
study, most of positive cases were in 60-72 months 
age group with 38.8% and 48-60 months with 25.8%, 
respectively. The results of this study are inconsistent 
with the other studies. Fu showed that the highest rate 
of the prevalence of infection were seen in cows in 



822	 IMANDAR M., POURBAKHSH S. A., JAMSHIDIAN M., ZAHRAEI SALEHI T

J HELLENIC VET MED SOC 2018, 69(1)
ΠΕΚΕ 2018, 69(1)

REFERENCES 

Arcangioli MA, Chazel M, Sellal E, Botrel MA, Bezille P, Poumarat F, 
Calavas D, Le Grand D (2011) Prevalence of Mycoplasma bovis 
udder infection in dairy cattle: preliminary field investigation in south-
east France. New Zealand vet j 59(2):75-78. 

Baird SC, Carman J, Dinsmore RP, Walker RL, Collins JK (1999) 
Detection and identification of Mycoplasma from bovine masti-
tis infections using a nested polymerase chain reaction. J Vet Diagn 
Invest. 11:432-435.

Bashiruddin JB, Frey J, Königsson MH, Johansson KE, Hotzel H, Diller 
R, de Santis P, Botelho A, Ayling RD, Nicholas RA, Thiaucourt F, 
Sachse K (2005) Evaluation of PCR systems for the identification and 
differentiation of Mycoplasma agalactiae and Mycoplasma bovis: a 
collaborative trial. The Veterinary Journal 169:268–275.

Behrens A, Heller M, Kirchhoff H, Yogev D, Rosengarten R (1994) A 
family of phase- and size-variant membrane surface lipoprotein anti-
gens (Vsps) of Mycoplasma bovis. Infect Immun 62:5075-5084.

Cai HY, Bell-Rogers P, Parker L (2005) Development of a real-time PCR 
for detection of Mycoplasma bovis in bovine milk and lung samples. J 
Vet Diagn Invest 17:537-545. 

Eissa SI, Hassan AM, Hashem YM, Shaker MM (2012) Comparative 
Molecular Study of Mycoplasma bovis Isolates from Egyptian 
Buffaloes and Cows Suffered from Mastitis. Euro J of Biol Sci 
4(4):114-120.

Fu P, Sun Zh, Zhang Y, Yu Z, Zhang H, Su D, Jiang F, Wu W (2014) 
Development of a direct competitive ELISA for the detection of 
Mycoplasma bovis infection based on a monoclonal antibody of P48 
protein. Biomed-Central Veterinary Research 10:42.

Giacometti M, Nicolet J, Johansson KE, Naglic T, Degiorgis MP, Frey J 
(1999) Detection and identification of Mycoplasma conjunctivae in 
infectious keratoconjunctivitis by PCR based on the 16SrRNA gene. 
Zentralbl Veterinärmed 46:173–180.

Hala SH, Hotzel SH (2013) Investigation of phenotypic variations 
amongst Mycoplasma bovis field German isolates using SDS-PAGE. 
Beni-Suef Uni j basic applied and sci 2:103-107.

Hotzel H, Frey J, Bashiruddin J, Sachs K (2003) Detection and 
Differentiation of Ruminant Mycoplasmas, Methods in Molecular 
Biology. In: PCR Detection of Microbial Pathogens: Methods and 
Protocols. Humana Press Inc. Totowa: NJ 216. pp 231-245.

Kirk JH, Lauerman LH (1994) Mycoplasma mastitis in dairy cows. 
Compend Contin Educ Pract Vet 16:541-551.

Kojima A, Takahashi T, Kijima M, Ogikubo Y, Nishimura Y, Nishimura S, 
Harasawa R, Tamura Y (1997) Detection of mycoplasma in avian live 
virus vaccines by polymerase chain reaction. Biologicals 25:365-71

Li Y, Zheng H, Liu Y, Jiang Y, Xin J, Chen W, Song Z (2011) The 
Complete Genome Sequence of Mycoplasma bovis Strain Hubei-1. 
Plos One 6:6:e20999.

Lysnyansky I, Yogev D, Levisohn Sh (2008) Molecular characterization of 
the Mycoplasma bovis P68 gene, encoding a basic membrane protein 

with homology to P48 of Mycoplasma agalactiae. FEMS Microbiol 
Lett 279:234–242. 

Nicholas RAJ, Ayling RD (2003) Mycoplasma bovis: disease, diagnosis 
and control. Res in Vet Sci 74:105-112.

Park A (2014) Cattle Health and Welfare Group, Mycoplasma bovis 
Information note. Animal and plant health agency. CHAWG 
December 2014 pp 1-4.

Pfützner H, Sachse K (1996) Mycoplasma bovis as an agent of masti-
tis, pneumonia, arthritis and genital disorders in cattle. Rev Sci Tech 
15:1477–1494.

Pinnow CC, Butler JA, Sachse K, Hotzel H, Timms LL, Rosenbusch RF 
(2001) Detection of Mycoplasma bovis in preservative-treated field 
milk samples. J Dairy Sci 84:1640–1645.

Pourbakhsh SA, Shokri GR Banani M, Elhamnia F, Ashtari A (2010) 
Detection of Mycoplasma synoviae infection in broiler breeder farms 
of Tehran province using PCR and culture methods. Arch of Razi Ins 
65(2):75-81.

Radaelli E, Castiglioni V, Losa M, Benedetti V, Piccinini R, Nicholas RAJ, 
Scanziani E, Luini M, (2011) Outbreak of bovine clinical mastitis 
caused by Mycoplasma bovis in a North Italian herd. Res in Vet Sci 
91:251–253.

Radostits OM, Gay CC, Blood DC, Hinch Cliff KW (2000) Diseases of 
the mammary gland. In: Veterinary Medicine: A textbook of the dis-
eases of cattle, sheep, pigs, goats and horses. 9th ed, Saunders Press, 
London. 

Robino P, Alberti A, Pittau M, Chessa B, Miciletta M, Nebbia P, Le Grand 
D, Rosati S (2005) Genetic and antigenic characterization of the sur-
face lipoprotein P48 of Mycoplasma bovis. Vet Microbiol 109(3–
4):201. 

Rossetti BC, Frey J, Pilo P (2010) Direct detection of Mycoplasma bovis 
in milk and tissue samples by real-time PCR. Molecular and Cellular 
Probes 24:321-323.

Sabramaniam S, Bergonier D, Poumarat F, Capaul S, Schlatter Y, Nicolet 
J, Frey J (1998) Species identification of Mycoplasma bovis and 
Mycoplasma agalactiae based on the uvrC genes by PCR. Molecular 
and Cellular Probes 12:161–169.

Thomas A, Dizier I, Linden A, Mainil J, Frey J, Vilei EM (2004) 
Conservation of the uvrC gene sequence in Mycoplasma bovis and its 
use in routine PCR diagnosis. The Vet J 168:100–102.

Wawegama NK, Browning GF, Kanci A, Marc S, Markham M (2014) 
Development of a Recombinant Protein-Based Enzyme-Linked 
Immunosorbent Assay for Diagnosis of Mycoplasma bovis Infection 
in Cattle. Clin and Vacc Immun 21(2):196–202. 

Wise KS, Calcutt MJ, Foecking MF, Roske K, Madupu R, Methe BA 
(2011) Complete genome sequence of Mycoplasma bovis type strain 
PG45 (ATCC 25523). Infect Immun 79: 982–983.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

