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1. INTRODUCTION

Mycoplasmas are the smallest, wall less bacteria that are capable of
replicating outside the cells. They belong to class Mollicutes (division
Tenericutes) of order I, Mycoplasmatales. Mycoplasmas have small genome of
580-1350 kb with G+C content of 23-40%, require cholesterol for growth and
have usual optimum growth temperature of 37°C. To keep the parasitic mode of
life, mycoplasmas have developed rather sophisticated mechanisms to colonize
their hosts and resist the host immune system (Razin et al., 1998). They infect
humans and animals as well and there are more than 100 species (Razin et al.,
1998; Brown et al.,, 2007). Mycoplasma gallisepticum and M. synoviae are

pathogenic species for chickens and turkeys (Ley and Yoder., 1997).

Mycoplasma synoviae belongs to the Mycoplasmataceae family and is a
facultative anaerobic bacterium (Salisch et al., 1998). MS requires Nicotinamide
Adenine Dinucleotide (NAD) and cysteine hydrochloride as additional
requirement due to complex nutritional requirements unlike other avian
mycoplasmas. Chickens, turkeys and guinea fowls are the natural hosts of MS
but ducks, geese, pigeons, house sparrows, pheasants and Japanese quail may
also be susceptible. MS is prevalent in 35 poultry producing countries and
infection occurs frequently in multi-age commercial layer complexes (Opitz et al.,
1983; Mohammed et al., 1986.).

M. synoviae (MS) is an important pathogen of domestic poultry, causing
economic losses to the poultry industry. The economic losses are due to
decreased egg production, growth and hatchability rates and significant
downgrading of carcasses due to airsacculitis and arthritis lesions (Kleven et al.,
2003). MS was first described (Olson et al.,, 1956) as a major pathogen of
chickens and turkeys and causes respiratory tract infection and synovitis
worldwide (Kleven, 1997). Most of the damages resulting from Mycoplasma
species infections in humans and animals are due to host immune and
inflammatory responses rather than to direct deadly effects of Mycoplasma
virulence factors. Different MS strains are characterized by differences in
infectivity, tissue tropism and pathogenicity (Razin et al., 1998). Infection most
frequently occurs as a subclinical upper respiratory infection, which can progress

to respiratory tract disease with air sac lesions when impaired by other



respiratory pathogens (e.g., Newcastle disease virus, Infectious Bronchitis virus)
or when more virulent MS strains are involved (Kleven et al., 1975; Lockaby et
al., 1999). The infection can also become systemic and result in acute to
chronic infectious synovitis (Kleven et al., 2003). MS is mostly involved in
asymptomatic infections (Stipkovits and Kempf, 1996). Besides, MS has also
been proven to affect the humoral response of chicks vaccinated with a La-Sota
strain of Newcastle disease (ND) virus. Protection of MS- infected and ND-
vaccinated broilers is induced only after a second dose of ND-vaccine
(Nascimento et al., 2003; Silva, 2003).

Due to the expansion of poultry production and concentration of large,
multiage production complexes in restricted geographic area, it is becoming
more and more difficult to maintain flocks free of MS. The role of MS in egg
production of commercial layers is questionable. Previous studies have revealed
that MS infection is rather common in commercial layers (Mohammed et al.,
1986; Hagan et al., 2004; Fabienne et al., 2006). In the US table egg industry,
most pullets are MS free in the rearing phase but become infected with MS after
their introduction into the multiage laying groups. In poultry, avian
mycoplasmosis is spread vertically through infected eggs and horizontally by

close contact.

The pathogenicity mechanisms of MS involve attachment and
colonization of the upper respiratory tract plus additional unidentified factors
associated with systemic invasion and lesion production. MS has two major
surface antigens, MSPA and MSPB and it has shown that MSPA is a
haemagglutinin and MSPB is a lipoprotein (Noormohammadi et al., 1997). These
antigens are both encoded by a single gene, viIhA (variable lipoprotein and
haemagglutinin), possibly with post-translational cleavage generating the two
proteins. The coding sequence of the viIhA gene is homologous to those for the
vihA genes of MG, even though MS is phylogenically distant from MG

(Noormohammadi et al., 1998).

As the vertical transmission plays a major role in the spread of M.
synoviae in chickens, the most effective control method is to monitor the flocks
regularly and also eliminate the positive breeder flocks. Reliable and rapid
diagnoses are needed to prevent infection dissemination (Seifi et al., 2012).

Positive diagnosis may be made by isolation and identification of M. synoviae
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(Kleven, 2003) but isolation and cultivation of M. synoviae is very tedious,
difficult because of its fastidious nature and complex nutritional requirement and
may not give the accurate prevalence (Bayatzadeh et al. 2011). Polymerase
chain reaction is a simple, rapid and highly sensitive method of detection of MS-
DNA in tissues or culture medium; moreover PCR procedure is comparable in
sensitivity to isolation and identification (Salisch et al., 1998; Feberwee et al.,
2005). The Polymerase Chain Reaction (PCR) with Mycoplasma 16S ribosomal
RNA has been applied to detect a variety of Mycoplasma species (Kojima, 1997;
Zendulkova, 2007). The rRNA is naturally present in high copy numbers (up to
10’000 molecules per cell) (Waters et al., 1990). Ehtisham-ul-Haque et al.,
(2011) compared conventional isolation technique with PCR for identification of
MS infecting broiler birds. Recently several PCR assays have been used for the
amplification of the conserved vIhA gene of MS (Amy et al., 2010).

Diagnostics of Mycoplasma synoviae (MS) is generally based on
serological, culturing and molecular methods. Rapid diagnosis and identification
of infections is very important in the poultry industry. The use of PCR makes it
possible to shorten the time for obtaining result from research and the effective
detection of genetic material of MS. There are many variations of the PCR

method; few of them are nested, simplex, multiplex etc.

High number of false positive result in ELISA and SPA may occur due to
cross reactions, lack of inactivation, age of the flock and use of inactivated
vaccines. (Feberwee et al., 2011).The diagnostic methods (SPA, HI and ELISA)
should be only used as screening tools in monitoring programs to detect avian
mycoplasmosis in poultry breeder flocks. Positive results should be confirmed

by PCR or isolation using traditional microbiological methods (Luciano., 2011)

PCR based techniques are now routinely used for detecting pathogenic
avian mycoplasmas. DNA target for PCR can be extracted from cultures or
directly from swabs (Hammond et al., 2009). PCR based assays are based on
16S rRNA gene (Garcia et al., 1996; Jarquin et al., 2009). 16S-23SrRNA
Intergenic Spacer Region (ISRs) of most mycoplasmas are relatively small,
species specific and intra specific conserved and can serve as an ideal genomic
target for PCR diagnosis Raviv et al., (2009). PCR targeting the vlhA gene can
be also used to type strains of MS due to sequence variability in the N-terminal

region of the gene among strains (Hammond et al., 2009; Bencina et al., 2001;
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Jeffery et al., 2007). Raviv et al., (2009) described the development of a
complete array of specific species real time PCR for four pathogenic Avian
Mycoplasmas including MS and MG and have proposed the incorporation of

these assays in routine diagnosis.

An early and accurate detection of etiological agent and diagnosis of
disease can help in prevention and control of the disease in order to lower
economic burden on livestock/poultry farmers and to increase GDP of the
country. Therefore, present research is designed with the following objectives.

1. Molecular detection of Mycoplasma synoviae directly in clinical specimens by
PCR.

2. Attempt for isolation of Mycoplasma synoviae from different specimens of
poultry.



2. REVIEW OF LITERATURE

2.1 Mycoplasma synoviae (MS)

Infectious synovitis was first described and associated with
mycoplasma infection by Olson et al. during the early 1950's. The causative
organism was designated as Avian Mycoplasma Serotype S by Dierks et al.,
in 1967 and subsequently confirmed as a separate species, Mycoplasma
synoviae (MS) by Jordan et al., (1982). Soon after its identification MS
appeared to have worldwide distribution. During 1950’s and 1960’s the
synovitis form of the disease was observed primarily in growing broilers, while
since the 1970’s the respiratory form of the disease has been seen more
frequently (Yoder and Olson, 1983). Flocks of laying chickens are commonly
infected with MS with mild or subclinical signs. The outcome of infection is
significantly affected by management factors and other respiratory pathogens.
MS is the classical cause of infectious synovitis of chickens and turkeys. MS,
more frequently produces a persistent infection of the upper respiratory tract

which sometimes is involved with airsacculitis (Kleven et al., 1972).

Positive diagnosis may be made by isolation and identification of M.
synoviae (Kleven, 2003). Diagnosis can be made through serological tests as
well. Polymerase chain reaction is a simple, rapid and highly sensitive method
of detection of MS-DNA in tissues or culture medium and PCR procedures
are comparable in sensitivity to isolation and identification (Salisch et al.,
1998; Feberwee et al., 2005).

In one survey, the cumulative mortality in twenty affected layer flocks
ranged from 0.26% to 1.71% per week, while mortality in 20 unaffected flocks
ranged from 0.07% to 0.30% per week (Vandekerchove et al., 2004). In
Brazil, the prevalence of MS in chicken flocks was reported to increase and

even overcome that of MG in breeding flocks (Balen and Fiorentin, 1990).

Molecular detection was found to be significantly higher (98.82%) than
culture isolation (42.35%) by Vandekerchove et al. (2004). PCR detection
was primarily developed for MG (Nascimento and Yamamoto, 1991;

Nascimento et al., 1991) and was accepted worldwide for detection of all
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avian Mycoplasmas, either in specific DNA amplification for diagnosis
(Lauerman, 1998; Nascimento et al., 1998) or in nonspecific DNA banding
pattern (RAPD) for strain identification (Fan et al., 1995). An alternative to the
nonspecific PCR procedure for strain identification is the direct sequencing of
the amplified products (amplicons) from a specific PCR with primers directed
to the 16S rRNA gene (Ward et al.,, 1990). Sequencing is more accessible
nowadays and mycoplasma sequencing, including MG, has been facilitated
because it has a small genome (Papazisi et al, 2003).

Different specimens have been suggested for detection and isolation
of M. synoviae which include samples from live birds eg. swabs from the
choanal cleft, oropharynx, oesophagus, trachea, eyes, cloaca and phallus.
From dead birds, samples may be taken from the nasal cavity, infra-orbital

sinus, trachea or air sacs.

2.2 Detection of M. synoviae directly in clinical specimens by PCR

2.2.1 16S rRNA PCR for Mycoplasma synoviae

Lauerman et al. (1993) evaluated Mycoplasma synoviae (MS)
species-specific primers selected from the 16S rRNA sequence by PCR.
Analysis of MS PCR indicated 100% specificity and sensitivity. Fifty five
individual isolates of MS tested PCR-positive and 44 isolates of 8 other
species of avian mycoplasmas tested PCR-negative. Analysis of 122 flock
data sets indicated sensitivity for the MS PCR test of 82% and a specificity of

100% as determined by comparison with cultures.

Kiss et al. (1997) attempted the Polymerase Chain Reaction (PCR)
with primers complementary to the 16S rRNA genes to detect avian
Mycoplasmas. A primer pair designed for the detection of human and rodent
Mycoplasma species was examined for its ability to detect the most important
avian Mycoplasmas. After testing the respective reference strains it was
found that M. iowae, M. meleagridis and M. synoviae could be detected by
PCR with this primer pair. The results of the PCR- and RFLP-based
identification procedures of 17 different field isolates agreed with those

obtained by conventional methods.



Salisch et al. (1999) blotted the amplified fragments of the rDNA
coding for 16S rRNA for MG and MS on the nylon membranes, followed by
dot-blot detection with two species-specific digoxigenin-(DIG)-labeled

oligonucleotide probes.

Ramadass et al. (2006) isolated Mycoplasma synoviae among
chickens in different parts of Tamil Nadu and performed polymerase chain
reaction (PCR) for amplification 207bp regions from 16S rRNA of MS. Among
1039 samples analyzed by PCR, 67 were positive for MS infections. A total of
47 culture negative samples were PCR positive for MS.

Marois et al. (2000) successfully detected MS by PCR from samples
collected in the environment of experimentally infected chickens and turkeys.
Results showed that in the experimental infection, 10 of 96 and 46 out of 96
samples of food, drinking water, feathers, droppings or dust were positive by
culture and Mycoplasma-PCR, respectively. Under field conditions, 7/28
samples from the surrounding were found to be positive by cultural isolation,

while PCR detected 17 positive samples out of 28.

Mardassi et al. (2005) processed 40 tracheal swabs for DNA
extraction subjected for 16S rRNA based PCR. Of the 40 cultures, 32 were

positive. A total of 19 samples turned out to be PCR positive for M. synoviae.

Buim et al. (2009) carried out PCR for 1,046 samples of tracheal
swabs and piped embryos collected from 33 farms with laying hens, breeders,
broilers or hatchery, where respiratory problems or drops in egg production
had occurred. The MG and MS prevalence on the farms was 72.7%. These
results indicated high dissemination of mycoplasmas in the evaluated farms,
with predominance of MS, either as single infectious agent or associated with
other mycoplasmas in 20 farms (60.6%), and an increase of MS and

decrease of MG infection in Brazilian commercial poultry.

Pourbakhsh et al. (2010) proposed the use of Mycoplasma specific
PCR methods in order to detect Mycoplasma spp. from breeder farms. A total
of 475 samples including choanal cleft, trachea, ovary and joint cavities from

23 broiler breeder farms were collected. The bacterial DNAs were extracted


http://www.sciencedirect.com/science/article/pii/S0378113500001784

by phenol/chloroform method. Specific published primers that amplified a 207
bp region of the 16S rRNA gene of MS were used for PCR.

Bayatzadeh et al. (2011) detected M. synoviae through PCR assay to
demonstrate its presence in trachea and the lung/air sacs from commercial
broiler chicken, with clinical signs of the disease. DNA was extracted from 43
samples by phenol/chloroform method and then PCR assay was used to
amplify the conserved region of 16S rRNA gene.

Yilmaz et al. (2011) determined pathological findings observed in
serologically MG and MS positive chickens and compared immune
histochemistry, PCR and culture methods for the diagnosis of
mycoplasmosis. All 120 broiler chickens from commercial poultry farms with
clinical symptoms of the disease were found to be MG (n = 27) and MS (n =
93) with the rapid slide agglutination test. The PCR amplification showed
positive in 14 out of the 16 IHC positive cases of MS (211 bp band) and in all
IHC positive cases of MG (302 bp band), leading to high agreement scores
(97.8% and 100% respectively), MS and MG could be isolated from 12 and 3

cases, respectively.

Lobova et al. (2012) performed extraction of bacterial DNA directly
from the tracheal smears, lung tissues and synovial fluid. From 45 samples
collected (tracheal smears-32, lungs-11 and synovial fluids-2) and examined
for detection of mycoplasma, only 2 samples of synovial fluid were found to

be positive for M. synoviae.

Siddique (2012) studied cultural positivity of Mycoplasma synoviae in
the sero-positive flocks and recorded as 3.9% and 9.2% from layer and boiler
flocks, respectively while detection through PCR was as 7.1% and 13.1%
respectively. The breeder flocks were negative for MS through cultural as well
PCR based detection. The overall detection of MS from sero-positive flocks
was recorded (5.6%) through culture and (8.8%) using PCR for amplification
of 16S rRNA. In case of sero-negative flocks the culture recovery percentage
was recorded as 2.4%, 3.6% and 3.3% from breeder, layer and broiler flocks,
whereas PCR based positivity was recorded in breeder (4.8%), layer (5.5%)
and broiler (4.9%). The overall culture and PCR positivity from sero-negative

flocks was recorded as 3.1% and 4.9%, respectively. The prevalence

8



recorded for Mycoplasma synoviae through cultural isolation and identification
was 5.0% and through PCR 7.9%.

Khalifa et al. (2013) described the isolation and molecular detection of
Mycoplasma synoviae from tracheal swabs of diseased birds showing signs
of respiratory distress in selected commercial (layer and broiler) farms. A
number of 45 Mycoplasma isolates were recovered. Of these, 3 MS isolates
were identified using growth inhibition and rapid serum agglutination (RSA)
tests. The conventional PCR technique was applied for amplification 720 bp
DNA fragment in 16S rRNA for MS and was confirmed.

Senthilnathan (2015) processed 144 samples which were collected
from suspected breeder birds and 16S rRNA PCR assay was subjected. 57
out of 116 samples (49.1%) showed positivity to 207 bp (16S rRNA) product
of MS.

2.2.2 VIhA gene PCR for Mycoplasma synoviae

The vihA (variable lipoprotein and hemagglutinin) gene encodes
hemagglutinin, an abundant immunodominant surface lipoprotein of
Mycoplasma synoviae (Bencina et al., 2001; Jeffery et al., 2006). The N-
terminal end of the vlhA gene is present as a single chromosomal copy and
owns hyper variable DNA sequences among different strains of M. synoviae
(Noormohammadi et al, 2000). Cleavage of the VIhA protein generates the
amino terminal (N-terminal) lipoprotein fragment MSPB and the carboxy (C-
terminal) fragment MSPA, which are directly involved in binding M. synoviae
to erythrocytes (Noormohammadi et al., 1997; Bencina et al., 1999).
Validation of PCR and DNA sequence analysis of the N- terminal end of viIhA
gene was done as an alternative for the detection and initial typing of field
strains of M. synoviae in commercial poultry. A GenBank BLAST search did
not find any other bacterial species sharing any significant homologous
sequence similar to vlhA. The test was evaluated in clinical specimens for its
usefulness to detect and discriminate M. synoviae strains without need for
cultural isolation thereby giving early diagnosis of the infection (Hong et al.,
2004).



Bencina et al. (2001) described that VIhA protein is encoded by vihA
gene of which the 5’-end is present in the genome as a single copy which
does not change its sequence during recombination of the vlhA gene with
pseudogenes. 11 different types of vlhA sequences were shown in a
comparison of the 5’-end vlhA sequences of 30 M. synoviae strains. This
indicated that the analysis vIhA part was useful in strain differentiation. These
distinct sequence motifs based on vlhA gene specific for individual M.
synoviae strains can be used as markers for tracing their spreading between
poultry farms.

Hong et al. (2004) validated and applied PCR and DNA sequence
analysis on the N-terminal end of the vIhA as an alternative for the detection
and initial typing of field strains of M. synoviae in commercial poultry. The
PCR procedure was found to have the sensitivity and specificity required to
be useful as diagnostic PCR with the added advantage of preliminary strain

identification based on the DNA sequence analysis of the PCR product.

Allen et al. (2005) described that the Mycoplasma synoviae, contains
a single expressed, full-length viIhA gene encoding its haemagglutinin protein
along with a large number of vlhA pseudogenes. It was known that in
Mycoplasma gallisepticum the vlhA genes are located in several loci around
the chromosome and antigenic variation were generated by alternating

transcription of more than 40 translationally competent genes.

Jeffery et al. (2007) used oligonucleotide primers complementary to
the single copy conserved 5’ end of the vIhA and could generate amplicons of
approximately of 400bp from 35 different MS isolates and subjected to
mutation. Sequencing of the amplicons represented that each single profile
was related to unique sequence, some differing from each other just by one
base-pair substitution. The result presented in this study showed that the
PCR based single-strand conformation polymorphism (SSCP) analysis of
vIhA gene high resolution detection tool for the detection and identification of

MS strains.

Hammond et al. (2009) used published primers to detect Mycoplasma
synoviae and identified the strain using the viIhA gene sequence. However, of

21 M. synoviae strains examined, 3 could not be amplified, so a new reverse
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primer was designed with a target in the conserved region of the vihA gene.
This allowed all 21 M. synoviae strains, a further 9 strains and also material
from 11 swab samples from M. synoviae-positive birds, to produce a PCR
product, suggesting that the method could also be suitable for clinical
specimens. The protocol was then tested on the type strains of M. synoviae
and the other 22 recognised avian Mycoplasma species, with amplification of
M. synoviae only. He finally demonstrated that this PCR was equally more
sensitive than other PCR tests.

Harada et al. (2009) applied pulsed-field gel electrophoresis (PFGE)
and vIhA gene sequence analysis for typing the Mycoplasma synoviae live
vaccine MS-H strain and field isolates from diseased chickens in Japan. The
digestion protocol using restriction enzymes BInl and BamHI as well as the
vIhA sequence analysis allowed the discrimination of all 11 MS field isolates
from the vaccine strain and allowed the generation of unique fragment pattern
in epidemiologically unrelated isolates. It is found to be useful tool to
determine whether MS clinical isolates are derived from the vaccine strain or

clinical isolates.

Ehtisham-Ul-Haque (2010) studied and found sero-prevalence of MS
(79.55%), MG (72.89%) and MG/MS combined infection (19.20%) through
rapid serum agglutination (RSA) test. The sero-positive cases further resolved
the culture recovery of MG (71.67%), MS (49.69%) and MG/MS combined
(32.35%) on modified Frey’s medium. Conventional duplex PCR was
efficiently optimized for MG/MS detection at 288bp/373bp respectively with a
sensitivity of detecting less than 1pg of DNA. Samples from sero-positive
cases successfully accomplished the prevalence of MS (98.14%) followed by
MG (93.34%) and MG/MS combined (82.35%) through duplex PCR. All the
culture isolates were further confirmed with PCR identification and the
sensitivity of PCR was calculated as 100% for both MG and MS PCR
amplification was done for both the genes vlhA and 16S rRNA.

Ramirez et al. (2008) performed polymerase chain reaction with one
primer based on the intergenic spacer region (ISR) and validated for detection
of MS. The primer was paired with a general primer from within the 23S rRNA
gene. The PCR primers were tested with the 22 other recognised

avian Mycoplasma species to check the specificity and with 21 field isolates
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of MS from various hosts and countries, and with several swab samples. The
PCR appeared to be considerably specific and sensitive. Four different
sample preparation methods were compared for use in this PCR, and the
amplification protocol was compared with three others, confirming the

comparative sensitivity of the new PCR.

2.3 Isolation and identification of Mycoplasma synoviae

Saritha (2010) incubated 425 samples from both live and dead birds in
Frey’s Medium, out of which 153 (36%) samples were found to be positive
with the characteristic signs of growth in the broth. Out of these 46 could be
cultured in Frey’s Agar Medium and 27 (58.6%) were found positive with
typical colonies. Confirmation was done by amplifying
16S rRNA gene of MS with a set of  published primer sequences through
PCR.

Bayatzadeh et al. (2011) detected M. synoviae through cultural
isolation and polymerase chain reaction (PCR) assay to demonstrate the
involvement of M. synoviae infection in trachea and the lung/air sac samples.
Total of 43 samples were inoculated in PPLO broth media supplemented for

M. synoviae isolation out of which 28 (65.1%) yielded the organism.

Tan et al. (2011) cultured swabs onto PPLO agar and broth and
incubated at 37°C with 5 — 10% carbon dioxide. Presumptive Mycoplasma
colonies were passaged onto PPLO agar without antibiotic three to four times
for purity. The organisms were then subjected to biochemical tests and
growth inhibition test for species confirmation. Identification of Mycoplasma
species was made based on available specific antisera which focus on the
pathogenic Mycoplasma of veterinary importance. From avian (poultry and
bird), M. synoviae, M. gallisepticum, M. gallinarum and M. columborale were

isolated.
Khalifa et al. (2013) recovered successfully 7 (4.11%) isolates out of

170 tracheal swabs samples from diseased birds of which 3 were M.

synoviae. However PCR for MS was found 6.7 % positive.
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Nagalaxmi et al. (2013) could not recover Mycoplasma species from
262 trachea and air sac samples by cultural isolation. However, 16S rRNA
PCR detected 33.7% sample as Mycoplasma synoviae using the same

sample.

Tebyanian et al. (2014) used the M. synoviae specific Polymerase
Chain Reaction (PCR) and microbiological methods in order to isolate and
identify M. synoviae from suspected ostriches. Fifty three samples of different
parts of lung and trachea were cultured in the same conditions in PPLO broth
and to isolate and identify M. synoviae, PCR and microbiological methods
were conducted. The identified isolates were confirmed by specific
amplification of 16S rRNA gene (163 and 207 base pair). Twenty five (47%)
and seventeen (32%) out of 53 samples were found to be M. synoviae by
PCR and microbiological methods respectively.

Senthilnathan (2015) processed144 samples from suspected breeder
birds and examined by culture, only 18 samples (15.5%) on day 5 after

inoculation.

2.4 Comparative efficacy of cultural isolation and PCR assay in

detection of Mycoplasma synoviae.

Lauerman et al. (1993) evaluated Mycoplasma synoviae (MS)
species-specific primers selected from the 16S rRNA sequence by PCR.
Analysis of cultures of avian mycoplasmas using the MS PCR indicated 100%
specificity and sensitivity. Fifty five individual isolates of MS tested PCR-
positive and 44 isolates of eight other species of avian mycoplasmas tested
PCR-negative. Analysis of 122 flock data sets indicated sensitivity for the MS
PCR test of 82% and a specificity of 100% as determined by comparison with
culture.

Bayatzadeh et al. (2011) screened 43 swabs of trachea /lungs
/airsacs collected from broiler chicken farms and achieved isolation rate of 26
(65.1%) for M. synoviae, while 24 (55.9%) specimens were found to be M.

synoviae by species specific PCR assay.
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Khalifa et al. (2013) recovered successfully 7 (4.11%) isolates out of
170 tracheal swabs samples from diseased birds of which 3 were M.

synoviae. However PCR for MS was found 6.7 % positive.

Nagalaxmi et al. (2013) could not recover Mycoplasma species from
262 trachea and air sac samples by cultural isolation. However, 16S rRNA
PCR detected 33.7% sample as Mycoplasma synoviae using the same

sample.
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3. MATERIALS AND METHODS

3.1 Materials

3.1.1 Glassware and Plasticware

All the glassware and plasticware used during present investigation
were made of neutral glass, Borosil (India). All the glassware used during the
course of research was prepared by following the standard procedures
including sterilization at 160°C in hot air oven for an hour. Plastic wares
required for the present work were obtained from M/s Tarsons Products Pvt.
Ltd. Kolkata (India) and Genaxy Scientific Pvt. Ltd., (India). The plastic wares
used were either disposable or autoclaved at 15 Ibs for 15 minutes at 121°C
prior to use.

3.1.2 Chemicals and reagents

The chemicals and reagents used during present investigation were
obtained from following manufacturing companies. The chemicals and
reagents used for PCR were of molecular grade.

Table 3.1 Media, Chemical and Reagents used

ﬁg Manufacturer Reagents/Equipment
PPLO broth/agar, Glucose-D ,
M/s Hi Media Laboratories Private NAD, Cysteine, Plg/Hor_S(_e_
1. o ) . serum, Yeast Extract, Penicillin,
Limited, Mumbai (India)
Phenol Red
. . . , Taq Polymerase, Ethidium
2. | Mis Sigma Adrich Chemicals PIvate | gromide, dNTP, 10x buffer
MgCl,, Primers, Thallium Acetate
3 M/s Merck Specialities Private Agarose
' Limited, Mumbai (India) g
4, M/s Bioinnovation Primers

15




3.1.3 Clinical specimens

A total of 165 choanal swabs from live birds suspected for
Mycoplasma synoviae were collected in duplicates for PCR and cultural

isolation formed the material for investigation in the present study (Table 3.2).

Table 3.2 Details of specimens collected for detection of MS in

poultry
SR. TYPE OF NO. OF
SOURCE
NO. BIRDS SAMPLES
1 Kolkata Layer 37
4 Khopoli Broiler 14
Layer 26
6 Karjat
Broiler 14
7 Delhi Layer 20
8 Lohagaon Grower 24
Layer 10
10 Nashik
Broiler 20
Total Broiler 48 165
Layer 117

3.1.4 Reference strain

Mycoplasma synoviae (ATCC® 25204™) was used as the reference
strain used during the present research. It was revived and propagated in the

medium recommended by ATCC.
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3.1.5 Media

The media used during the isolation of Mycoplasma synoviae were
selected and followed from different researchers (Ehtisham, 2010; Raviv and
Ley, 2011). PPLO broth/agar (modified Frey’s medium) was prepared (Frey et
al.,, 1968; Kleven, 1997) by substituting some ingredients whereas ATCC
medium was used for cultivation of ATCC strain.

3.2 Methods

3.2.1. Collection of Choanal Swabs

The clinical specimens were collected in duplicate for performing PCR
and for isolation of Mycoplasma synoviae. The choanal (palatine cleft) swabs
were collected from live birds exhibiting respiratory symptoms, sometimes in
association with swollen hock joint/synovial joint etc. as per the protocol
described by World Organization for Animal Health (2008). The swabs were
collected by opening the beak of birds followed by inserting and rubbing the
sterile swab in choanal cleft which is located at inner side of mouth cavity
along midline of upper beak followed by inserting it up to the pharynx and
rolled it once/twice in trachea. The readymade guarded sterile swabs (Hi
Media Laboratories Pvt.Ltd.) were used. Before sampling the swabs were
dipped in PPLO broth supplemented with NAD and Cysteine in order to
create optimal conditions for the organism during transport to the laboratory.
Both sets of the swabs taken in sterile tubes were transported on ice and

processed within 24-48 hours after collection.

17



3.2.2 Molecular detection of Mycoplasma synoviae directly in clinical
specimens by PCR.

3.2.2.1 Extraction of DNA

3.2.2.1.1 Extraction of DNA from clinical samples

DNA was extracted from swabs as per the protocols described by Behbahan
et al. (2008)/WOAH (2008)/ Silveria et al. (1996) with slight modifications.
Briefly, the procedure was as follows:

Swab samples were placed in 2ml snap-cap eppendorf tube and chopped off
one end; 500l lysis buffer was added and kept overnight at 4°C

Wy

Proteinase K (20ug/ml) was added in 5pl and the samples were incubated at
70°C for one and half hour

1y

To the lysed cells, equal volume of Phenol: Chloroform (1:1) was added and
vortexed for 15 minutes and centrifuged at 12000/rpm for 15 minutes at 4°C

!

The supernatant was taken carefully in fresh tube (2ml) and the equal

volume of Choloroform: Isoamyl (24: 1) was added

!

The tubes were vortexed and centrifuged at 4°C for 15 minutes each

!

The supernatant was transferred in fresh tubes (2ml) and 1/10 volume of
Sodium Acetate and double volume of ethanol were added and mixed
thoroughly

!

The tubes were incubated at -20°C for 2 hours/ overnight

!

The tubes were centrifuge at 12000 rpm for 20 minutes at 4°C

!
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The supernatant was discarded and 500l of 70% ethanol was added and

mixed well followed by centrifugation at 12000 rpm for 15 minutes at 4°C

!

The supernatant was discarded and the pellet was air dried.

!

To the dried pellet 50ul of autoclaved distilled water was added and kept
at 55°C for proper reconstitution of the DNA

!

The extracted DNA was stored at — 20°C until further use

3.2.2.1.2 Extraction and purification of DNA from Reference strain

DNA was extracted from reference strain as per the protocol
described by Ley et al. (1997) with slight modifications. Briefly, the procedure

was as follows:

ATCC broth culture of M. synoviae ((ATCC® 25204 ™) in 0.5ml
guantity was taken in 2-ml eppendorf tube

Y

The suspension was centrifuged at 13,000 rpm for 30 min at 4°C

y

Followed by washing two times with PBS
The remaining steps of extraction of DNA were followed as of
32211

3.2.2.2 Quantification of DNA

Nanodrop Spectro-Photometer (Thermo Scientific, USA), set at optical
density of 260 nm and 280 nm was used for quantification and determination
of purity of extracted DNA. DNA concentrations and purity were calculated
using the software - ND2000 (Thermo Scientific, USA) available with the
instrument
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3.2.2.3 Assessment of inteqgrity of aenomic DNA

Agarose gel (0.8%) was prepared in 1X TAE buffer by melting it and
adding Ethidium Bromide @ 0.5ug/ml. The solidified gel was placed in 1X
TAE buffer in electrophoresis tank such that the buffer covered the agarose
gel to a depth of about 10 mm. 5 pl of DNA sample was mixed with 0.5 pl of
6X loading dye and loaded in the wells. Electrophoresis was carried out at a
constant voltage of 100 V, until the dye migrated about three-fourth distance
of the gel. The integrity of the DNA was checked by visualization of the DNA
using gel documentation system (Gel Doc EZ Imager, Bio-Rad).

3.2.2.4 Detection of M.synoviae by Polymerase Chain Reaction

3.2.2.4.1 M.synoviae species specific 16S rRNA PCR Assay
The oligonucleotide primers used for PCR of 16S rRNA are mentioned in
table 3.3. The primers were procured from M/s Sigma Aldrich Chemicals Pvt.

Ltd. (USA).

Table 3.3: Oligonucleotide primers used for PCR of 16S rRNA gene

Primer Oligonucleotide sequence Reference

MS—F | 5-GAG-AAG-CAA-AAT-AGT-GAT-ATC-A-3’
WOAH (2008)

MS-R 5’-CAG-TCG-TCT-CCG-AAG-TTA-ACA-A-3

3.2.2.4.1a Reaction Mixture:

The composition of the constituents used for preparing the reaction

mixture is mentioned in table 3.4
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Table 3.4: Reaction mixture for 16S rRNA PCR for MS

Particulars Concentration (pl)

H,O Ultra-pure 17.1
10X PCR Buffer 25
dNTPs (10 mM) 0.8
F Primer (20 pmole/ul) 0.6
R Primer (20 pmole/ul) 0.6
Taq Polymerase (5 U/ul) 0.4
MgCl, (50 mM) 2.5
DNA 0.5

Total 25.00

3.2.2.4.1b Cycling conditions

The reaction mixtures prepared as in table 3.4 were spun briefly and set
into thermal cycler (Master Cycler Nexus Gradient, Eppendorf). The cycling
conditions used are as shown in fig. 3.1

Fig. 3.1: Cycling conditions for 16S rRNA gene PCR of MS

Initial denaturation at 94°C for 5 mins

J

40 Cycles

Denaturation at 94°C for 5 minutes

Annealing at 52°C for 30 sec

Extension at 72°C for 45 sec

1l

Extension at 72°C for 45 sec
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I

Final Extension at 72°C for
5 min

l

Hold at 4°C

3.2.2.4.2 vlhA gene based PCR Assay

The oligonucleotide primers used for PCR of vIhA gene are mentioned

in table 3.5. The primers were procured from M/s Sigma Aldrich Chemicals

Pvt. Ltd. (USA).

Table 3.5: Oligonucleotide primers used for PCR of vIhA gene

Primer Oligonucleotide sequence Reference
vlIhA-F 5-GATGCGTAAAATAAAAGGAT-3
Hong et al. (2004)
viIhA-R 5-GCTTCTGTTGTAGTTGCTTC-3’

3.2.2.4.2a Reaction Mixture

The composition of the constituents used for preparing the reaction

mixture is mentioned in Table 3.6
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Table 3.6: Reaction mixture for vIhA gene PCR for MS

Particulars Concentration (pl)
H,O Ultra-pure 18.0
10X PCR Buffer 25
dNTPs (10 mM) 1.0
F Primer (20 pmole/ul) 0.5
R Primer (20 pmole/ul) 0.5
Taq (5 U/ul) 0.4
MgCl, (50 mM) 15
DNA 0.6
Total 25

3.2.2.4.2b Cycling Conditions

The reaction mixtures were spun briefly and set into thermal cycler
(Master Cycler Nexus Gradient, Eppendorf). The cycling conditions used

were as shown in fig. 3.2

Fig. 3.2: Cycling conditions for vIhA gene PCR of MS

Initial denaturation at 94°C

for 5 min

I

40 cycles

Denaturation at 94°C for 30 sec
Annealing at 46°C for 30 sec

Extension at 72°C for 45 sec

I

Final Extension at 72°C for

il

Soak at 4°C
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3.2.2.5 Evaluation of PCR products

The amplification products generated from the MS 16S rRNA and vihA
gene PCR assays were evaluated by agarose gel (1.5%--2%) electrophoresis
stained with Ethidium Bromide (0.5pug/ml). A 100bp DNA ladder was
electrophoresed simultaneously in order to compare the molecular weights of
the amplicons generated by the PCR assay. The products were visualized
and documented using Gel Documentation and Analysis System (Gel Doc EZ
Imager, Bio-Rad) with UV light source. The size of PCR products was
estimated with the help of Image Lab (Version 4.1) software available with the

gel documentation system.

Collection of swabs was carried out following all the possible aseptic
conditions using PPLO media as the transportation medium for isolation of M.
synoviae. The swabs were inoculated directly in PPLO broth and incubated at
37°C in presence of 5% CO, tension. Different combinations of media were
prepared in the form of broth and agar plates which were additionally
supplemented with NAD and cysteine (Appendix IlI).

The inoculated broth was constantly observed until the change of the
red color of the broth to pale yellow was evident. The samples showing no
change in color were further incubated up to 20 days before declaring them
as negative .The broth tubes which exhibited color change from red to yellow
were transferred on the agar plates and incubated at 37°C at 5% CO,. Out of
these, the samples in which growth was observed on the agar plates were

again transferred in the broth and sub cultured.

3.2.3.1 Diene’s staining of Mycoplasma colonies
For staining of colonies Diene’s staining was performed as per method

described by Dienes & Weinberger, 1951. Briefly, the procedure was as

follows:
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A block of agar containing micro colonies was placed with colony side

upwards on a glass slide

!

A light film of Diene’s stain was placed on a coverslip and allowed to

dry

!

The coverslip was then placed with the stain side downwards on micro
colonies of the agar block

!

The preparation was examined under the stereo-zoom or light

microscope.

The denser center of the micro colony which grew deep into the agar
stained dark blue. The less dense peripheral region micro colony surface
grew on the agar surface stained light blue in color.

3.2.3.2 Giemsa staining for mycoplasma species

Microscopic examination using Giemsa staining was done for the
isolates as per Maurice (1956). In a coplin jar, the smear on glass slide was
covered with Methanol-fixed smear and was stained with Giemsa stain for a
period of 3 to 6 hrs. The step was followed by air drying and gentle blotting
between absorbent filter papers. The dried smear was observed under high
power under oil immersion. Annular forms i.e. circular and elliptical PPLO
which was characterized chiefly by the lack or thinness of stainable material
in the central region of the organism. The protoplasm appeared to be
concentrated at the periphery of the circular PPLO particle-evenly distributed
in the form of a ring, or unevenly distributed, yielding lopsided rings, "signet

rings," and monopolar forms.

3.2.3.3 Molecular confirmation of M.synoviae isolates

Molecular confirmation was done by extraction of DNA (3.2.2.1.1)
followed by PCR assay (3.2.2.4)
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4. RESULTS

The present research was carried out for detection of Mycoplasma
synoviae (MS) by molecular techniques and conventional methods. It was
done in two phases; the first phase included molecular detection of
Mycoplasma synoviae by PCR assays targeting 16S rRNA gene and vihA
gene directly from clinical samples. The second phase included cultural
isolation and identification of Mycoplasma synoviae using conventional and

PCR assays.
Fig. 4.1 Plan of experiment
Collection of clinical specimens from live
birds suspected for Mycoplasma
synoviae
Extraction of DNA Isolation of M. synoviae using
from choanal swabs suitable media and incubation
conditions
PCR amplification of16S Identification of M. synoviae
rRNA and VIhA gene of M. isolates by conventional
synoviae methods
l Molecular confirmation of
Evaluation of PCR M.synoviae field isolates by
products PCR

In the present study, choanal swabs were collected from 165 birds

(from 48 broilers + 117 layers) suspected for M. synoviae infection based on
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the clinical signs (respiratory symptoms and synovitis). The swabs were
collected in duplicate for direct detection of MS and cultural isolation (one set

each). ATCC® 25204™ was used as a reference strain during the research.

4.1. Molecular Detection of M. synoviae directly from clinical specimens

4.1.1 16S rRNA based PCR for detection of M. synoviae

Extraction of DNA was carried out from total 165 clinical specimens
and reference strain. All extracted DNA were subjected for 16SrRNA based
M. synoviae species specific PCR assay. Out of 165 samples processed, 7
(4.2%) were found to be positive for M. synoviae yielding the amplicon of
approximately 207bp (Plate 4.1). Out of 117 samples from layers, 4 (3.4%)
and of 48 from broilers, 3 (6.25%) yielded positive results in 16S rRNA MS
specific PCR (Table 4.1). Thus, the overall incidence of MS observed was
4.2% with an incidence rate of 3.4% and 6.25% in layers and broilers

respectively.

Table 4.1 Result of 16S rRNA gene PCR of M. synoviae

PCR
Sr. Type of _ No. of o
Source ) Specimens Positive
No. Birds Sample
(MS)
Choanal 02
1 | Kolkata Layer 37
swabs
_ _ Choanal 00
2 | Khopoli Broiler 14
swabs
_ Layer Choanal 26 00
3 | Karjat :
Broiler swabs 14 01
_ Choanal
4 | Delhi Layer 20
swabs 02
Choanal
5 | Lohagaon Layer 24
swabs 00
Layer Choanal 10 00
6 | Nashik
Broiler swabs 20 02
TOTAL 165 07
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Out of 20 samples collected from Delhi region, 2 (10%) were found to
be positive for MS whereas 2 (5.4%) out of 37 were positive from Kolkata
region. Among three positive from Maharashtra region, 2 (6.6%) and 1 (2.5%)

were from Nashik and Karjat regions respectively (Table 4.1).

4.1.2 vlhA gene based PCR for M. synoviae

A total of seven clinical specimens (DNA) which were found to be
positive in 16S rRNA were subjected to surface variable lipoprotein-
haemagglutinin (vIhA) gene PCR of M. synoviae along with the reference
strains, to detect strain variations if any among them.

All seven samples positive for 16S rRNA of MS were also found to be
positive for vIhA gene PCR. The PCR products of all seven samples and
reference strain observed in an average range of 316bp to 396bp (Hong et.
al., 2004) (Table 4.2; Plate 4.3).

Table 4.2 Result of vIhA gene PCR of M. synoviae.

vIhA Amplicon
Sr. Type of Gene Size
Source
No. Birds Positive
(MS)
1 | Kolkata Layer 02 ~ 380bp
_ Layer 00
2 Karjat
Broiler 01 ~360bp
3 | Delhi Layer
02 ~ 380bp
Layer 00
4 | Nashik :
Broiler 02 ~360bp
Total 07

However, the amplicon size of specimens originating from different
geographical regions varied in the sizes. The strains from Maharashtra region

yielded PCR product of ~360bp, whereas Delhi and Kolkata regions produced
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~380bp size amplicon. Thus indicating strains from Maharashtra region,

Delhi and Kolkata regions were distinct.

4.2. Isolation and identification of Mycoplasma synoviae

The birds suspected for Mycoplasma synoviae infection exhibiting
respiratory distress were selected and the samples from the upper cleft palate
were collected. A total of 165 clinical specimens (choanal swabs) from
suspected live birds were processed for isolation of Mycoplasma synoviae,
primarily using enrichment media Pleuropneumonia Like Organism (PPLO)
broth followed by inoculation on PPLO agar with varying percentage of
different ingredients additionally supplemented with NAD and cysteine
(appendix IIl). Different percentages and combinations of ingredients were
also tried in the media for isolation of Mycoplasma synoviae. The inoculated

media were incubated under suitable incubation conditions.

In cultural isolation, the color change of PPLO broth was observed in
only two samples, which were further, cultivated on solid media suitable
incubation conditions. On solid medium, both showed colonies with typical
“fried egg” appearance. Further staining with Diene’s stain and Geimsa also
revealed organisms with a typical morphology of Mycoplasma. However,
subsequent confirmation by PCR could not yield MS specific PCR product,
thus indicating that these isolates belonged to other species of genus
Mycoplasma. Being MG and MS commonly involved in poultry
mycoplasmosis, these isolates were subjected to MG specific PCR which
yielded MG specific amplicon of ~185bp confirming their identity as M.
gallisepticum. This indicated that M. gallisepticum can grow in PPLO medium

of M. synoviae interfering in specific diagnosis.
In the present study, Mycoplasma synoviae could not be isolated from

any of the clinical samples, including from seven 16S rRNA and vIhA positive

PCR specimens, thus giving an isolation rate of 0% for MS.
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4.3. Comparative efficacy of cultural isolation and PCR for detection of

M. synoviae infection

Out of 165 clinical specimens (choanal swabs) processed for
detection of Mycoplasma synoviae infection by direct PCR and cultural
isolation, only PCR could detect seven (4.2%) positive cases of MS infection,
whereas cultural isolation failed to detect the same. Moreover, PCR could
detect the strain variation occurring in MS of different geographical area.
Thus PCR was proved to be more sensitive, specific, rapid and easy method
than cultural isolation for diagnosis of avian mycoplasmosis resulting due to
M. synoviae infection.

In the present study, the overall incidence of mycoplasmosis due to

M.synoviae was observed very low with comparatively higher incidence in

broilers than layers.
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5. DISCUSSION

Mycoplasma synoviae (MS) is one of the most important and
pathogenic poultry Mycoplasmas. M. synoviae infection occurs as a
subclinical upper respiratory infection. Less frequently, it becomes systemic
and results in infectious synovitis. It leads to an acute to chronic infectious
disease of chickens and turkeys. Lameness and respiratory disorder caused
by this infection result in decreased growth rate and loss of egg production.
There is considerable variation among isolates in their ability to cause
disease and many isolates may cause little or no clinical disease (Lockaby,
1999).

5.1 Molecular detection of M. synoviae by 16S rRNA PCR

In the present study, a total of 165 choanal swabs were collected from
live birds (117 layers and 48 broilers) suspected for MS infection and
subjected to PCR. Out of 165 samples screened, MS could be detected from
7 (4.2%) samples by 16S rRNA PCR showing an amplicon of ~ 207bp
product. Out of 117 samples from layers, PCR could detect MS infection in 4
samples with a rate of 3.4 % in layers and in 3 (6.2%) of 48 samples from

broilers.

Lauerman et al. (1993) screened 122 flocks by PCR. Analysis of
cultures of avian mycoplasmas using the MS PCR indicated 100% specificity
and sensitivity. Analysis data sets indicated sensitivity of 82% for the MS PCR
and a specificity of 100% as determined by comparison with culture. Thus,
16S rRNA gene based species specific PCR for MS proved to be a useful tool

in detection of infection directly from clinical samples.

Various researchers have performed the identification of M. synoviae
directly from clinical samples by targeting the 16S rRNA gene. (Lauerman et
al., 1993; Ramadass et al., 2006; Bayatzadeh et al., 2011; Lobova et al.,
2012; Siddique, 2012; Nagalaxmi et al., 2013; Khalda et al., 2013; Kamble,
2014).Lauerman et al. (1993) evaluated similar M. synoviae (MS) species-
specific primers, selected from the 16S rRNA sequence, by PCR in 122
flocks. In another study, Ramadass et al. (2006) detected M. synoviae from

chickens in different parts of Tamil Nadu by performing PCR for amplification
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of 207 bp region from 16S rRNA of MS. Similarly, Lobova et al. (2012) and
Khalifa et al. (2013) also targeted 16S rRNA gene for identification of MS
directly from clinical samples. Bayatzadeh et al. (2011) and Nagalaxmi et al.
(2013) attempted 16S rRNA based species-specific PCR to detect MS from

trachea /lungs /air sacs of suspected birds.

5.2 Incidence rate of M. synoviae

In the present study, the overall incidence of MS was 4.2% with
incidence rate of 3.4% and 6.25% in layers and broilers respectively. Various
workers, who targeted 16S rRNA gene for direct identification of MS, reported
similar lower incidence rate as observed in the present study by PCR.
Ramadass et al. (2006) screened 1039 samples by PCR, out of which 67
(6.44%) were found to be positive for MS infections. Similarly, Khalifa et al.
(2013) could detect only 11 (6.7%) out of 170 tracheal swab samples as MS
positive by MS specific PCR. In a study similar to the present research,
Lobova et al. (2012) performed extraction of bacterial DNA directly from a
total of 45 samples (tracheal swabs-32, lungs-1land synovial fluids-2) for
detection of mycoplasma by 16S rRNA based PCR. Only 2 (4.4%) samples of
synovial fluid were found to be positive for M. synoviae. Siddique (2012)
detected M. synoviae in the sero-positive layer and broiler flocks. PCR
detected 7.1% and 13.1% of the layers and broilers, respectively, positive for
MS. The breeder flocks did not yield any results by cultural as well as PCR
based detection. The detection of MS from sero-positive and sero-negative
flocks was recorded to be 8.8%and 4.9%, respectively, using PCR. The
overall prevalence recorded for M. synovial through PCR was 7.9%. Kamble
(2014) performed PCR of 159 samples collected from suspected birds and
found 3 (1.8%) positive by M. synoviae species specific PCR assay, whereas
Bukte (2015) found 0% incidence of MS in 150 samples by 16S rRNA PCR.

The higher incidence of MS than in present study is reported by
various authors. Bayatzadeh et al. (2011) screened 43 swabs of trachea
/lungs /air sacs collected from broiler chicken farms and found 24 (55.9%)
specimens to be M. synoviae by species specific PCR assay. Nagalaxmi et
al. (2013) detected MS infection in 88 (33.7%) out of 262 trachea and air sac
samples. Senthilnathan et al. (2015) reported a comparatively higher

prevalence rate of M. synoviae. The PCR assay of 116 samples with species
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specific primer of M. synoviae was carried out and 57 (49.1%) cases were

found to be positive for MS.

5.3 vlhA gene based PCR for M. synoviae

Another assay targeting non-conserved gene region of vlhA gene
was performed. A total of seven clinical specimens (DNA) which were found to
be positive in 16S rRNA were subjected viIhA gene PCR, gene fragment
between ~350 to ~390bp was amplified from all seven samples. The amplicon
size of specimens originating from different geographical regions varied in the
sizes. The strains from Maharashtra region yielded PCR product of ~360bp,
whereas Delhi and Kolkata regions produced ~380bp size amplicons, whereas
amplicon size of the reference strain laid between the size of Maharashtra and
Delhi strains. Thus indicating strain variations among the different geographical
areas under study. However, all strains from Delhi and Kolkata were similar

whereas all strains from Maharashtra were also similar.

Bencina et al. (2001) described that VIhA protein is encoded by
vihA gene of which the 5-end is present in the genome as a single,
conserved copy. Eleven different types of vIhA sequences of the 5-end of
vIhA were compared from 30 M. synoviae strains. This analysis of vIhA
fragments indicated that it is useful in strain differentiation. They reported that,
these distinct sequence motifs based on viIhA gene specific for individual M.
synoviae strains can be used as markers for tracing their spread between
poultry farms. Many other workers have used viIhA gene amplification for
detection of M. synoviae and differentiation among the strains (Hong et al.,
2004; Jeffery et al., 2007; Hammond et al., 2009; Harada et al., 2009; Syed,
2010).

Hong et al. (2004) extracted DNA directly from the tracheal swabs and
carried out the amplification reactions for both 16S rRNA and vIhA gene.
From the 20 samples analysed, only two found to be M. synoviae by 16S
rRNA gene, showed negative for vihA gene. M. synoviae was detected in 34
remaining samples by both PCR assays. The PCR procedure was found to
have the sensitivity and specificity required to be useful as diagnostic PCR
with the added advantage of preliminary strain identification based on the
DNA sequence analysis of the PCR product. Similarly, Jeffery et al. (2007)

used oligonucleotide primers complementary to the single copy conserved 5’
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end of the viIhA and could generate amplicons of approximately of 400bp from
35 MS positive samples. Sequencing of the amplicons represented that each
single profile was related to unique sequence, some differing from each other

just by one base-pair substitution.

In another finding, Hammond et al. (2009) used published primers
to detect M. synoviae and identified the strain using the vlhA gene sequence.
Around 32 samples, including M. synoviae strains and clinical samples from
MS infected birds, were screened and found positive suggesting that the
method could also be suitable for clinical specimens. Finally it was
demonstrated that this PCR was equally sensitive to other PCR assays.
Harada et al. (2009) applied vlIhA gene sequence analysis for typing the
Mycoplasma synoviae vaccine MS-H strain and field isolates from diseased
chickens in Japan. The vIhA sequence analysis allowed the differentiation of
all 11 MS field isolates from the vaccine strain. It was found to be useful tool
to determine whether MS clinical isolates are derived from the vaccine strain
or clinical isolates. In a study conducted by Syed (2010), sero-prevalence of
MS was 79.55%. Conventional PCR was efficiently optimized for MS
detection with a sensitivity of detecting less than 1pg of DNA. Isolation was
carried out and all the isolates were confirmed with PCR identification of both

the genes vIhA and 16S rRNA andwas found to be very sensitive for MS.

5.4 Isolation and identification of M. synoviae

In the present study, Mycoplasma synoviae could not be isolated from
any of the clinical samples. Moreover, all seven 16S rRNA and vlhA gene
PCR positive samples also could not yield any organism in in-vitro cultivation.
Cultural isolation and cultivation of M. synoviae is very tedious, difficult
because of its fastidious nature and complex nutritional requirement and may
not give the accurate prevalence of the organisms in birds thereby increasing

the chance of false negative results (Bayatzadeh et al. 2011)

Similar findings of unsuccessful isolation were observed by various
workers (Ramadass et al. 2006; Saritha 2010; Bayatzadeh et al. 2011; Khalifa
et al. 2013; Nagalaxmi et al. 2013; Kamble, 2014). Nagalaxmi et al. (2013)
attempted the isolation of MS from 262 trachea and air sac samples but could

not recover even single isolate of M.synoviae. Khalda et al. (2013) cultured
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170 tracheal swabs samples from diseased birds and recovered only 3
isolates of M. synoviae. In another study, Ramadass et al. (2006) detected
Mycoplasma synoviae among chickens in different parts of Tamil Nadu. Out
of 1039 samples analysed, only 20 (1.9%) samples yielded pure isolates by
conventional isolation. Kamble (2014) attempted isolation of MS from
suspected birds. Out of 159, none could be isolated by conventional method
of isolation. In a similar study, Saritha (2010) incubated 425 samples from
both live and dead birds in Frey’s Medium, out of which 27 (6.3%) were found
positive with typical colonies. Confirmation was done by amplifying
16S rRNA gene of MS with a set of  published primer sequences through
PCR.

On the contrary, Bayatzadeh et al. (2011) isolated 24 (55.9%) M.
synoviae out of 43 swabs of trachea /lungs /air sacs collected from broiler
chicken farms and later confirmed by species specific PCR assay. In a study,
Khalifa et al. (2013) performed the isolation of M. synoviae from tracheal
swabs of diseased birds showing clinical signs. Out of 45 Mycoplasma
isolates recovered, only 3 were identified as M.synoviae.

5.5. Comparative efficacy of cultural isolation and PCR for detection of

M. synoviae infection

Out of 165 clinical specimens (choanal swabs) processed for
detection of Mycoplasma synoviae infection by direct PCR and cultural
isolation, only PCR could detect seven (4.2%) positive cases of MS infection
whereas cultural isolation failed to detect the same. Moreover, PCR could
detect the strain variation occurring in MS of different geographical area. Thus
PCR was found to be more sensitive, specific, rapid and easy method than
cultural isolation for diagnosis of avian mycoplasmosis resulting due to MS

infection.

Lauerman et al. (1993) screened 122 flocks by PCR. Analysis of
cultures of avian mycoplasmas using the MS PCR indicated 100% specificity
and sensitivity. Analysis data sets indicated sensitivity of 82% for the MS PCR
and a specificity of 100% as determined by comparison with culture. Thus,
16S rRNA gene based species specific PCR for MS proved to be a useful tool

in detection of infection directly from clinical samples.
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Lauerman et al. (1998) stated 16S rRNA PCR method as commonly
used for confirmation of M. synoviae infection in chickens and turkeys in the
United States. It is fast, sensitive, specific and relatively inexpensive. It was
concluded by Bayatzadeh et al. (2011) that PCR is a more rapid, effective,
sensitive and inexpensive method than the standard culture technique.
Therefore, PCR can be used as an alternative method for traditional culture
toward the detection of M. synoviae. The true prevalence of M. synoviae may
best be reflected by PCR results (Ehtisham-ul-haque., 2010). It was clear
from the study conducted by Fan et al., (1995) that PCR can serve as a
simple, rapid and easy technique in routine mycoplasma detection and
identification procedure. Specific result can be achieved with samples taken
by swabbing different organs. Best result could be achieved by combining
PCR with culture than culture alone (Jefferey et al., 1995).Mardassi et al.
(2004) developed a duplex PCR assay targeting the hemagglutinin multigene
families, vlhA and pMGA, of M. synoviae and M. gallisepticum, respectively.
The assay proved to be specific and sensitive enough to justify its use for the
simultaneous detection of the two major avian mycoplasma species from field
isolates. Because of difficulties involved in obtaining pure cultures of M.
synoviae and the lack of ability to type cultures using the 16S rRNA PCR
method, Noormohammadi et al. (2000) attempted to develop a PCR
procedure that would be useful as a diagnostic tool as well as offer the ability
to do preliminary “fingerprinting” by sequencing the PCR product. The N-
terminal end of the vIhA was shown to have potential as a target gene for

identification of specific strains of M. synoviae (Bencina et al., 2001).
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Plate 3.1: Collection of specimen from suspected bird

Bird showing nasal rale ; suspected for mycoplasma infection



Plate 3.2: Media used during cultural isolation of M. synoviae




Plate 4.1: Agar Gel Electrophoresis of DNA extracted from clinical specimens
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Lane 1-16; DNA bands shown in Agar Gel Electrophoresis



Plate 4.2: M. synoviae species specific 16S rRNA PCR assay

Lane 1: 100 bp ladder

Lanes 2: Reference strain as standard positive

Lanes 3-8: Positive clinical specimens showing bands at ~207 bp

Lane 9: Negative

~207




Plate 4.3: M. synoviae species specific vIhA gene PCR assay

300bp

Lane 1: 100 bp DNA ladder

Lanes 2-9: Positive clinical specimens for viIhA gene

Lane 10: Negative



Plate 4.4: M. synoviae species specific vIhA gene PCR assay

400bp
300bp

200bp <

100bp

Lane 1- 100bp ladder

Lane 2- 3: vIhA amplicons of MS samples from Maharashtra
Lane 4: vihA amplicons of the reference strain.
Lane 4: vihA amplicons of MS samples from Delhi

Lane 5: viIhA amplicons of MS samples from Kolkata



5. SUMMARY AND CONCLUSION

Mycoplasma synoviae (MS) belongs to the Mycoplasmataceae family
and it is smallest, fastidious, facultative anaerobic wall-less bacterium. M
synoviae infection is also known as infectious synovitis. It affects chickens
and turkeys and was first recognized as an acute to chronic infection of
chickens and turkeys affecting respiratory system and joints. Sub clinically;
the infection may be prevalent in upper respiratory tract.

The present study focused on detection of M. synoviae infection by
molecular technique viz. Polymerase Chain Reaction directly from clinical
samples. Swabs were collected from choanal region of birds showing
respiratory distress and synovitis; suspected for M. synoviae infection and
subjected to PCR. The assay targeted the amplification of 16S rRNA and vihA
genes. A total of 165 choanal swabs were collected from live birds suspected
for MS and subjected to DNA extraction and further to PCR assays. Out of
165 specimens, MS could be detected from only seven (4.2%) by 16S rRNA
based PCR showing an amplification of ~ 207 bp product.

Another assay targeting non-conserved gene region of vlhA gene was
also performed. The gene fragment of ~350bp was amplified from all the
samples (7out of 165) which were found to be positive for MS by 16S rRNA
based PCR. The amplicon size of specimens originating from different
geographical regions varied in the sizes. The strains from Maharashtra region
yielded PCR product of ~360bp, whereas Delhi and Kolkata regions produced
~380bp size amplicon. Thus indicating strain variations among the different

geographical areas under study.

The clinical specimens (choanal swabs) and reference strain
(ATCC® 25204™) were also inoculated in PPLO (Pleuropneumonia Like
Organism) media to attempt for propagation and isolation of M. synoviae. The
organism could not be isolated from any of the clinical samples inoculated in

the media for isolation.

The present study demonstrated the involvement of MS in respiratory
distress cases of chickens using simplex PCR based amplification of

conserved region of 16S rRNA and non-conserved gene region viIhA gene of
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M. synoviae. It was found to be a simple, sensitive, more specific and cost

effective alternative to conventional methods.

Thus from the present study, it can be concluded that:

» The overall incidence of MS was 4.2% with incidence rate of 3.4% and
6.25% in layers and broilers respectively

» Species specific 16S rRNA based PCR was found to be useful for

detection of M. synoviae directly in the clinical specimens.

» Surface variable lipoprotein-haemagglutinin vihA gene based PCR
assay was found to be useful for detection M. synoviae strains

variation originating from different geographical regions.

> Cultural isolation was found to be difficult and less sensitive, time

consuming and costly.

» Thus, it is suggested that the true prevalence of M. synoviae may best
be reflected by PCR results.

» Further studies on molecular detection of M. synoviae 16S rRNA and

vIhA gene PCR will give the molecular epidemiology useful in

prevention and control strategies.
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Reagents used for DNA extraction

1. Lysis buffer (100ml)

Tris HCI (50MM).......ccooiiiiiininnnn. 0.788gm
EDTA (50mMM)....ccvviiiiiiiiieieeenns 1.8gm
SDS (1%) e lgm
NaCl ..o, 0.58gm
Autoclaved Distilled Water ............... 100ml

2. Proteinase K (20mg/ml)
Proteinase K ........ccovviiiiiinns 20mg

3. Phenol: chloroform 1:1 (100ml)
Phenol..........ccoooiiiiii 50ml

Chloroform......ccoevevviiii .. 50ml

5. Sodium acetate (3M) 100ml

Sodium acetate ...............c.oeenll. 24.6gm



7. Ethanol 70% (100)

Ethanol..........ccoooviiiiii i, 70ml
Water .....ooveie e, 30ml
8. Autoclaved distilled water ad libitum

Sterilize by autoclaving at 15 Ibs pressure (121°c) for 15 minutes. Store at
4°c.

Appendix = I

Reagents used for Agarose Gel Electrophoresis (AGE)

1) Ethidium bromide (10 mg/ml)

Ethidium bromide :20mg

Distilled water 22 ml
2) 0.5 M EDTA (pH 8.0)
Dissolve 18.612 g EDTA 2H,0 in 80 ml distill water and adjust pH to 8.0 using
NaOH pellets. Adjust the final volume to 100 ml. Filter through Whatman filter paper

no. 1 and sterilize by autoclaving at 15 Ibs for 15 min. Store at room temperature.

3) Tris — Acetate — EDTA (TAE) stock solution (50 X)

Tris base 12429
Glacial acetic acid (5.7 ml
0.5 M EDTA, pH 8.0 10 ml

Distilled water to make : 100 mi

(For preparing the working solution (1X), dilute the stock TAE in distilled water)
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4) 6X Loding dye ( Type IV)
Sucrose : 40 % wiv in DW
Bromophenol blue : 0.25 % w/v in DW
Store the solution at 4° C.
Appendix = Il

Media, stains and solutions

a) Composition of PPLO broth medium (modified Frey’s medium) described
by Frey et al., 1968; Kleven, 1998 and used by Ehtisham., 2010)

Ingredients Quantities
PPLO broth base 2.55¢
Glucose 19
Fresh Horse serum 15 ml
Yeast extract 10 ml
Cysteine hydrochloride (1%) 0.01g
B-Nicotinamide adenine dinucleotide (NAD) (1%) 0.01g
Phenol red (1%) 0.25 ml
Thallium acetate (10%) 0.5 ml
Ampicillin 0.1g
Distilled Water 100 ml

Composition of PPLO agar medium (modified Frey’s medium)

Ingredients Quantities
Mycoplasma agar base 350
Glucose 03¢
Fresh Horse serum (Heat inactivated) 12 ml
Yeast extract (25%) 10 ml
Cysteine hydrochloride (1%) 0.01g

B-Nicotinamide adenine dinucleotide (1%) 0.01g
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Phenol red (1%) 0.25 ml
Thallium acetate (10%) 0.5 ml
Penicillin/Ampicillin 01g
Distilled Water g.s. 100 mi

PPLO Broth medium was prepared by autoclaving PPLO broth base, yeast extracts
atl21°C, at 1 atmospheric pressure for 15 minutes and after cooling the remaining
ingredients were added which had previously been sterilized by filtration. The pH
was adjusted to 7.8. The medium was mixed thoroughly and poured into sterile Test
tubes/plates.

b) Mycoplasma Modified Frey’s Broth Medium (Yoder and Olson, 1983) used
by Raviv and ley 2011.

Ingredients Quantities
Deionized distilled water 88.0 ml
Mycoplasma Frey’s broth base 25¢g

Swine serum (heated 56 C for 30 min) 12.0 ml
Dextrose 0.3g
Thallium acetate (10%) 0.5 ml
Potassium penicillin G (aqueous) 500,00 units
Phenol Red (1%) 0.25 ml
NAD (1%) 1.25 ml
Cysteine hydrochloride (1%) 1.25 ml

Adjust to pH 7.8 with 20% NaOH and filter Sterilize. For agar plates 1.5% agar is

used.
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Media for ATCC

Part A

PPLO Broth 0.35¢
Tryptone lg
Peptone 05¢g
DI Water 64ml
DNA (fish sperm) 0.2¢g
Part B

CMRL-1066 medium (10x concentrated;ATCC 20-2207) 5ml

Yeastolate (2%, autoclaved) 10 ml

Fetal bovine serum (heat-inactivated) .8.5ml
Swine serum (heat-inactivated) 8.5 ml
Glucose (50% aqueous solution) 2.0 ml
L-cysteine solution 1.0 ml
NAD solution 1.0 ml

L-cysteine solution

L-cysteine 0.01g
DI Water 10 ml
NAD solution

NAD 0.01g
DI Water 10 mi

Part A was adjusted to pH 7.4 and autoclaved at 121°C and aseptically added Part
B.
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25%Yeast extract Solution

Yeast extract powder :25gm

Distilled water : 100ml
The yeast extract was prepared by suspending yeast extract powder in distilled
water. This was heated to boiling point, cooled and then centrifuged for 20 minutes
at 3000 g. The supernatant fluid was decanted and adjusted to pH 8.0 with 0.1 M
NaOH. This was clarified by centrifugation and then sterilized by filtration. The
extract was stored at —20°C until used.

30% Glucose solution

Glucose : 30gm

Distilled water : 100ml
The weighed glucose dissolved in distilled and adjusted to pH 7.8-8.0 with 0.1 M
NaOH. It was sterilised by filtration and stored at 4°C until used.

50% Glucose solution
Glucose : 50gm
Distilled water : 100ml

0.1% Phenol red
Phenol red :0.1gm
Distilled water 1 100ml

1% Phenol red
Phenol red : 1gm
Distilled water : 100ml

Phenol red was ground in 0.1 M NaOH (2.8 ml), and then made up to 100 ml in
sterile distilled water and autoclaved at 115°C at 1 atmosphere for 30 minutes. It

was stored at 4°C until used.
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10% Thallous acetate
Thallous acetate ;10 gm
Distilled water : 100 ml
Thallous acetate was dissolved in distilled water, filter-sterilised and stored at—20°C

until used.

Penicillin solution
Benzyl penicillin : 200,000 IU
Distilled water 1ml
Penicillin solution was stored at 4°C, and has a shelf life of 1 week.

1% Cysteine hydrochloride
Cysteine hydrochloride :0.1gm
Distilled water :10ml

1% B-Nicotinamide adenine dinucleotide

B-Nicotinamide adenine dinucleotide :0.1gm

Distilled water 1 10ml

Diene’s stain solution

Ingredients gm/ml
Methylene blue :2.50
Azure :1.25
Maltose :10.00
Sodium carbonate :0.25

Distilled water 1100
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Appendix -IV

List of equipment

Some of the important equipment used during the study were as shown below.

Sr. No. | Name Manufacturer
1 Micropipettes Eppendorf research plus.
2 Cooling centrifuge REMI.

3 Vortex Genei.

4 Microwave oven LG

5 Nanodrop spectrophotometer Thermo Scientific.

6 Ice maker Sanyo, Japan.

7 Deep freeze (- 20°c) Voltas TATA.

8 Power pack Tarsons, Consort.

9 Water bath Biotechnics India.

10 Mastercycler nexus gradient Thermal Eppendorf.

cycler

11 Submarine gel electrophoresis Superit.
apparatus

12 Horizontal gel electrophoresis Techno source.
apparatus
Gel documentation system (Gel Doc Bio-Rad.

12
EZ Imager)

13 Mini centrifuge Genei.

14 pH meter Toshniwal Instruments, India.

15 Weighing balance OHAUS.

16 Micrometer Hp.
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ABSTRACT

Mycoplasma synoviae is an economically important pathogen of poultry
worldwide, causing respiratory infection and synovitis in chickens and turkeys.
Early detection of M. synoviae infection is of critical importance for subsequent
chemotherapy.

The present research was carried out study the occurrence of
Mycoplasma synoviae using Polymerase Chain Reaction directly from the
clinical samples and conventional method of cultural isolation from commercial
chicken. PCR with primers complementary to the 16S rRNA gene generating
amplicon size of ~207bp was used to detect Mycoplasma synoviae. vlhA gene
PCR was used for further confirmation and detection of variations in field strains
for tracing epidemiology of MS in different geographical areas. (Some districts of
Maharashtra, Delhi and Kolkata)

A total of 165 choanal swabs were collected from live birds
suspected for MS and subjected to species specific 16S rRNA PCR. The
overall incidence of MS detected was 4.2% with incidence rate of 3.4%

and 6.25% in layers and broilers respectively

In vIhA gene PCR, gene fragment of ~350bp (ranging from 316 to
396) was amplified in all seven samples which were found to be positive
for MS by 16S rRNA based PCR. The amplicon size of specimens
originating from different geographical regions varied in the sizes viz. in

Maharashtra region ~360bp, Delhi and Kolkata regions ~380bp.

Cultural isolation of 165 samples was carried out using PPLO broth
supplemented with NAD and cysteine and suitable incubation conditions. All 165
samples including seven PCR positive specimens subjected to cultural isolation
were turned out to be negative for recovery of Mycoplasma synoviae.Thus,
giving an isolation rate of 0% of Mycoplasma synoviae in clinical sample. PCR

was found to be a simple, sensitive, more specific and cost effective

alternative to conventional methods.
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