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ABSTRACT

Bacterial diseases are a huge concern for poultry farmers and cause huge economic losses to poultry industry every year. Various
diseases can initiate respiratory signs in poultry, including mycoplasmosis. Mycoplasmosis is a major threat currently faced by poultry
industry worldwide. In poultry main pathogenic species of Mycoplasma are Mycoplasma gallisepticum and Mycoplasma synoviae.
Mycoplasma is a worldwide avian pathogen that causes immense losses in the poultry industry by decreasing eggs production, reducing
growth and increased condemnation at slaughter houses. Mycoplasma is a wall-less bacterium that causes chronic respiratory disease in
all types of chickens. Mycoplasmosis is an egg transmitted, hatchery disseminated and economically very important disease of chickens.
Commonly used methods for diagnosis of Mycoplasma include isolation and identification of bacteria, several serological tests and
molecular techniques. Closely located poultry farms, rearing of mixed avian species in close milieus, mixed commercial poultry farming
and presence of wild birds in close proximity to poultry farms have made this disease very difficult to control. The review summarized
the pathogenesis of Mycoplasma, associated risk factors, diagnostic tools and control measures. Best measures to control
Mycoplasmosis include biosecurity, hygiene, good management, monitoring and removal of infected flocks, routine vaccination and
farmer awareness. To reduce the risk of transmission of disease to other poultry populations, there should be continued monitoring of
flocks for Mycoplasma.
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INTRODUCTION

Poultry industry alleviates the poverty by offering enormous opportunities to
millions of people in the country. Availability of poultry meat is 3.90 Kg per
capita in Pakistan, 55 Kg per capita in Kuwait, 50 Kg per capita in USA and 12
Kg per capita in the world per annum. This condition is similar regarding the
consumption of eggs. There is a big gap in the consumption of the poultry meat
and eggs. This is due to many problems which are being faced by the poultry
industry of Pakistan. One of the major problems is economic losses caused by
infectious diseases. The main threats are the diseases caused by Mycoplasma
species (Marois et al., 2001). The main pathogenic species of Mycoplasma are
Mycoplasma gallisepticum (M. gallisepticum) and Mycoplasma synoviae (M.
synoviae) (Umar et al., 2017). Mycoplasma causes immense losses in the
poultry industry by decreasing eggs production, reducing growth and increasing
condemnation at slaughter house (Kleven, 2008; Ferguson-Noel and Williams,
2015). About 10-20% losses in eggs production has been reported in the flocks
affected from Mycoplasmosis (Bradbury and Morrow, 2008). Mycoplasmas are
free living and self-replicating bacteria which are known to have the smallest
genome and have low G+C content about 23-40%. (Nicholas and Ayling, 2003).
Cell wall is absent in Mycoplasmas. The cell membrane of these organisms is
incorporated with sterols which differentiates them from other organisms
(Kleven, 2008). Based on 16S rRNA analysis Mycoplasma belongs to phylum
Firmicutes, class Mollicutes and family Mycoplasmataceae (Ley, 2003; Ley,
2008). In birds out of 22 known species of Mycoplasma, the four common
pathogenic species include M. gallisepticum, M. synoviae, M. meleagridis and M.
iowae (Bradbury, 2001). Of all avian Mycoplasma pathogens, M. gallisepticum
and M. synoviae are important species due to high prevalence in different types of
poultry and M. gallisepticum is being considered the most pathogenic (Umar et
al., 2017). Other than chicken turkeys, quails, partridges, pheasants and pigeons
are also the natural hosts of M. gallisepticum (Ley, 2003). M. gallisepticum
causes chronic infections in both chickens and turkeys and is the most virulent of
all the Mycoplasma species (Liu et al., 2001). M. gallisepticum and M. synoviae
cause respiratory disease in both chickens and turkeys while M. iowae and M.
meleagridis cause diseases only in poultry (Fan et al., 2011).
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M. gallisepticum causes chronic respiratory disease (CRD) in the chickens and
its incubation period is 16-21 days (Siddique et al., 2012). Gasping, respiratory
rales, coughing, nasal discharge and rhinitis are the major signs of CRD.
Sometimes M. gallisepticum causes arthritis, salpingitis, conjunctivitis and fatal
encephalopathy (Much et al., 2002). In the egg type birds, it causes marked
decrease in eggs production and embryo mortality (Mukhtar et al., 2012). M.
synoviae is very important poultry pathogen worldwide with respect to the
economic losses caused by it such as decreased eggs production, growth
retardation and condemnation of poultry meat at slaughterhouse. It usually causes
infectious synovitis (respiratory infection) in chickens and may result in sub
clinical infection. At present, M. synoviae causes infectious synovitis less
frequently and air sacculitis more frequently in chickens and turkeys (Ben¢ina et
al. 2001; Jacob et al., 2014). It causes air sacculitis which can also be the result
of co-infection with M. gallisepticum and E. coli. When infection becomes
systemic, it causes inflammation of synovial membranes of joints and tendon
sheaths causing synovitis, tenovaginitis and bursitis (Kleven, 2008).

.CHRONIC RESPIRATORY DISEASE (CRD)

M. gallisepticum and M. synoviae both cause CRD in all types of chickens
(Bradbury and Morrow, 2008). The primary causative agent of CRD is M.
gallisepticum and it causes disease under stress and poor management conditions
or when a bird is suffering from some other respiratory problem (Papazisi et al.,
2002). In the expanding poultry industry, M. gallisepticum is the most virulent
avian pathogen and causes worldwide outbreaks leading to immense economic
losses (Evans et al., 2005). It primarily damages respiratory tract by colonizing it
and then secondary bacteria like E.coli and viruses invade there and cause severe
infections (Liu et al., 2001; Peebles et al., 2015). Extensive antibiotic treatment
is used to keep Mycoplasma under check and attenuated vaccines are used to
prevent the disease but complete eradication of pathogen is very difficult. M.
gallisepticum is the only avian Mycoplasma specie which is invasive in vitro as
well. This is the reason it not only resists host defense and antibiotics but also
enters the blood and causes systemic infection (Winner et al., 2000; Umar et
al., 2017).
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M. gallisepticum causes disease in birds of all ages but immunocompromised
birds are more susceptible to this pathogen (Nunoya et al., 1995). In case of
infection, the organism first colonizes the respiratory tract and in different strains
of M. gallisepticum the tissue tropism, cell injury, attachment and pathogenicity
varies (Sun et al., 2017). It is vertically transmitted through eggs and
disseminated in hatchery. Decreased hatchability and low eggs production count
for the major economic losses caused by M.gallisepticum. Infected birds produce
low quality day old chicks and slower growth rate. This also leads to increased
medication and control procedure costs in the farming (Ley, 2003). The
pathogenesis of Mycoplasmas in poultry is summarized in Figure 1 and 2.
Sialoglycoprotein receptors in the respiratory epithelium are required for the
attachment of the Mycoplasma to the epithelial cells and initiation of the disease.
The process is mediated through cyto-adherence. To escape the innate host
defense, attachment is very important process. Since many metabolic pathways
are absent in the Mycoplasma, so for their survival it needs very close interaction
with the host cell (Simecka et al., 1992). Mycoplasma species have the ability to
cause direct cell injury, although exact mechanism of cell injury is not being
understood. Mycoplasmosis causes cell injury by depriving nutrients, producing
toxic substances and alteration in the host cell metabolites. Mycoplasma species
produce enzymes like phospholipases, proteases and nucleases. These enzymes
cause membrane damage to host cell and increase the chances of genetic
alteration in host cell which may lead to auto immune disease (Bhandari and
Asnani, 1989; Umar et al., 2017). Mycoplasma species produce hydrogen
peroxide which play very important role in cell injury as well as damage to cell
membrane and facilitates the entry of Mycoplasma during adherence process. As
shown in figure 2 that hydrogen peroxide released by Mycoplasma causes
oxidative stress to host cell and may also cause hemolysis. Nascent oxygen (O7)
is produced from hydrogen peroxide by catalase enzyme. This nascent oxygen
(0,) causes oxidative damage inside the host cell and responsible for major cell
injury. To counter this oxidative damage antioxidant enzymes like glutathione
(GSH) and superoxide dismutase (SOD) are produced by the host cell. In this
way host cell directs its energy for producing these enzymes to encounter
oxidative damage caused by Mycoplasma (Razin et al., 1998; Razin, 2006; Xu
et al., 2015).
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Figure 1 Pathogenesis of Mycoplasma gallisepticum
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Figure 2 Sequence of events for oxidative damage in host cell caused by
Mycoplasma (Razin, 2006).

Mycoplasma is transmitted vertically through eggs and horizontally through close
contact, air borne droplets and contaminated dust particles (Papazisi et al.,
2002; Umar et al., 2017). Increased population of poultry in an area due to rapid
expansion increases the risk of transmission of Mycoplasma. It is one of the
reasons why it is difficult to maintain Mycoplasma free flocks (Lysnyansky et
al,. 2005).

The clinical signs in the birds infected with M. gallisepticum include open mouth
breathing, rales and respiratory sounds. Nasal discharge, coughing and sometimes
conjunctivitis are also seen in the infected birds (Saif et al., 2003). Lacrimation
and depression is also observed in infected birds (Forrester et al., 2011).
Sometimes fatal encephalopathy, arthritis and salpangitis are seen in M.
gallisepticum infected birds (Much et al., 2002).In the case of infected broiler
breeder and commercial layer, sharp decrease in eggs production takes place.
There is marked increase in embryo mortality in eggs of infected birds (Ley,
2003). The clinical signs in M. synoviae infection are somewhat similar to M.
gallisepticum. M. synoviae causes subclinical upper respiratory tract infection
and synovitis in chickens and turkeys is one of very important clinical findings.
M. synoviae causes air sacculitis more frequently than infectious synovitis
(Ben¢ina et al., 2001: Khalifa et al., 2013). M. synoviae disseminates very
quickly after it is introduced at farm because of its lateral spread both by direct
contact and between cages is very quick (Kleven, 2008).

The major pathological finding in M. gallisepticum infection is the air sacculitis
while in some birds upper respiratory tract infection may also be present (Hong
et al., 2005). Pathogenic mechanisms of Mycoplasmas are controlled by number
of pathogenic factors which include ability of pathogen to attach to host cell, type
of cell injury and ability to resist host immune response.

IMMUNITY IN MYCOPLASMOSIS

Immune system of host fails to deal effectively with Mycoplasma specie because
of chronic nature of the infection. Mycoplasmas evade the host immune response
by antigenic variation of surface proteins. M. gallisepticum and M. synoviae are
transmitted either by vertical method or by direct contact between sick and
susceptible birds (Marois et al., 2001). Ability of Mycoplasma to survive within
the host cell allows the pathogen to resist immune response of host and anti-
microbial therapy (Winner et al., 2000). Age of bird, size of flock and locality of
poultry farm are the factors which affect the severity of the disease. Great
economic losses occur due to Mycoplasmosis in broiler, breeder and layer birds
in terms of condemnation of carcass, reduced eggs production, feed efficiency,
hatchability losses and increased cost for the treatment of the infection (Hassan
et al., 2012). For treatment and control of Mycoplasmosis early and timely
diagnosis is necessary. Isolation of M. gallisepticum and M. synoviae is not
reliable due to least tolerance in adverse environment and the fastidious nature of
the organism. In vitro cultivation of Mycoplasma is very difficult, expensive and
time consuming. It requires three to four weeks to grow and even after that there
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can be mixed growth or no growth. In the cultures Mycoplasmas are over grown
by the fast growing or apathogenic species of Mycoplasma. Serological tests and
molecular techniques are reliable methods for diagnosis of the disease.
Serological tests like serum plate agglutination (SPA) test, ELISA and direct
haemagglutination inhibition (HI) tests are used. SPA test is a quick tool for flock
screening although it may give false positive results because of cross reactivity of
M. gallisepticum and M. synoviae (Kleven, 2008). While conducting serology of
M. gallisepticum and M. synoviae cross reactivity of antigens is common problem
(Ehtisham-Ul-Haque et al., 2011). Polymerase chain reaction (PCR) essays are
commonly used for rapid detection of the M. gallisepticum and M. synoviae
(Ahmed et al., 2009). Most effective control measure to control Mycoplasmosis
is to cull seropositive birds from flock, but this is expensive practice, hence
impossible.

Since Mycoplasma lacks cell wall, so cell wall synthesis inhibiting antibodies
like penicillin etc are ineffective against the pathogen. Antibiotics that inhibit
metabolic processes of microorganisms like macrolides, tetracyclines,
fluoroquinoles and others are effective against Mycoplasma (Ley, 2003).Tylosine
and gentamycin are effective in higher doses. Tylosine may be toxic to embryos
and reduce the hatchability (Nascimento et al., 2005). Tilmicosin has lowest
minimum inhibitory concentration (MIC) followed by tylosine for the
Mycoplasma species (Hassan et al., 2012).

DIAGNOSIS OF MYCOPLASMOSIS

For the diagnosis of Mycoplasmosis a number of methods including isolation and
identification, serological methods and molecular techniques have been used.
Cultivation on laboratory media is most reliable method for the confirmatory
diagnosis of Mycoplasma (Ley, 2003; Umar et al., 2017).). Due to the
limitations of diagnostic tests and the similarities in the disease caused by
Mycoplasmas, specific diagnosis is very difficult. It is very important to
characterize and identify the Mycoplasma species and strain variability. Brief
review of various methods used for diagnosis of Mycoplasma is given below.

Isolation and identification

Direct isolation and identification of Mycoplasma is not part of routine procedure
used for diagnosis of Mycoplasma (Zain and Bradbury, 1996). The main reason
for this is the fastidious and slow growing nature of the Mycoplasma species.
Mycoplasmas require one to three weeks or even more time for their growth and
identification (Umar et al.,, 2017). Another major problem in isolation of
Mycoplasma is the growth of fast growing non-pathogenic Mycoplasma species
and growth of other bacteria and fungi (Garcia et al., 2005). Selective pressures
on populations of Mycoplasmas that differ substantially in vivo and in vitro are
also an important factor. Pathogenic properties of the strain may be lost during
passages in the culture media. Mycoplasma has very small genome and size of
genome is 996 kilo base pairs (Papazisi et al., 2003). Mycoplasma has little
capacity of biosynthesis and is dependent on host cell for its requirements.
Mycoplasma is dependent on host for cholesterol, amino acids, fatty acids,
vitamins, nucleotides and other nutrients, that is why in vitro growth is very
difficult. Mycoplasmas do not have regulatory genes involved in gene expression
and cannot respond to the changing environmental conditions in vitro, it makes
extremely fastidious to work with this organism (Razin et al., 1998).
Mycoplasma once isolated from their host tends to die rapidly if not placed in
suitable medium and environment (Zain and Bradbury, 1996). Handling of
samples between collection and inoculation is a critical step for isolation of
Mycoplasmas. Swabs dipped in Mycoplasma broth and placed at 4°C are more
viable than dry swabs. Due to these reasons isolation of Mycoplasma is laborious,
time consuming, expensive and difficult task. Small size and lack of cell wall
make morphological characterization of Mycoplasma very difficult and may not
give true picture of in vivo presentation.

In order to overcome deficiencies of Mycoplasma, very complex media are used
for in vitro cultivation. Generally growth media for Mycoplasma is composed of
protein digest and meat infusion base. The media is also supplemented with horse
or swine serum, yeast extract and glucose. To inhibit the growth of bacteria and
fungi, bacterial inhibitors and antibiotics are also added (Hong et al., 2005).
Thallium acetate and ampicillin are added in media as inhibitors of bacterial
growth. Mycoplasmas are resistant to thallium acetate while thallium acetate
prevents the growth of gram positive and gram negative bacteria (OIE, 2008).
Ampicillin inhibits the growth of bacteria by inhibiting the call wall synthesis and
cross linking of peptidoglycans. Ampicillin has no effect on Mycoplasma due to
the absence of cell wall. Biochemicals, physiological and morphological
characteristics of Mycoplasmas are affected by composition of media and cultural
conditions. Lipid content, nutritional quality and osmotic strength of the medium
are very important factors which affect the morphology of Mycoplasma.
Mycoplasmas are rapidly mutating organisms and changes may occur in short
periods during growth. This ability of diversification plays important role in the
pathogenesis of disease caused by Mycoplasma. During the cultivation,
pathogenic characteristics of Mycoplasma are lost due to rapidly occurring
mutations (Wise et al., 1992). All these attributes of Mycoplasmas should be kept
in mind while attempting isolation and cultivation of Mycoplasma. Typical egg
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fried, small and clear colonies of Mycoplasmas are observed on solid medium as
shown in figure 3. Colonies are clear with central whitish raised parts (Kleven,
2008).

e

Figure 3 Egg fried colonies of Mycoplasma gallisepticum (Metwally et al.,
2014).

Serological techniques

Many serological tests are routinely used for sero monitoring of flocks against
Mycoplasma. Serological tests are easy, give fast detection and require less
expertise. These tests include SPA, ELISA, and HI (Kleven, 2008). Although
serological tests are quick and fast yet they have their own disadvantages and
limitations.

Serological tests are based on detecting antibodies in the serum produced in
response to antigens and subsequent detection of these antibodies. To prevent the
spread of infection, rapid diagnosis of Mycoplasma is necessary through
serological screening. Serological methods do not detect the sub clinical or early
infections. As antibodies are produced after minimum one week of infection and
it requires three weeks post infection to conduct HI test (Kempf et al., 1993).
Another major problem of serological tests is their sensitivity and specificity.
Sensitivity and specificity of SPA test are almost same as HI test and ELISA.
ELISA is not feasible for sero monitoring because it is more time consuming and
costly (Higgins and Whithear, 1986). False positive results can give a very
high prevalence by SPA test which are because of cross reactivity, use of
inactivated vaccine, contaminated sera and age of the flock (Luciano et al.,
2011). Major constraint in the use of SPA test for diagnosis is its low specificity
(Pourbakhsh et al., 2010). SPA can be used for screening flocks but not for
screening individual birds. For proper diagnosis and control, programs based on
sero conversion may be inadequate and sero monitoring should be combined with
culture and molecular techniques (Luciano et al., 2011).M. gallisepticum is
shown to be cross reactive with closely related M. imitans that would also lead to
aberrance in prevalence of specific Mycoplasma species (Bradbury et al., 1993).
This is because both M. gallisepticum and M. imitans have many similarities
including same antigenic and phenotypic properties and same terminal
attachment structure (Abdul-Wahab et al., 1996). Flocks showing no clinical
signs may be serologically positive if the flock recovered from the infection at
younger age (Ley, 2003).

Molecular techniques

Due to high sensitivity and increasing specificity of the polymerase chain
reaction (PCR), it has become valuable tool in the diagnosis of Mycoplasma
species. Since PCR is dependent on the target, its specificity is highly flexible.
PCR can be species specific or strain specific by targeting unique gene in a
particular specie or conserved region in a specific strain. For four main avian
pathogenic Mycoplasma species PCR essays are developed in 1990s (Raviv and
Kleven, 2009). Earlier PCR methods targeted 16S ribosomal DNA (16SrDNA)
region but the recent PCR essays target the species specific regions and the
surface proteins (Liu et al., 2001; Garcia et al., 2005; Raviv et al., 2007). PCR
essays that target 16S rDNA region are less specific and may cross react with the
other avian Mycoplasmas because 16S rDNA region is highly conserved among
phylogenetically related groups (Garcia et al., 2005). Those PCR essays are less
sensitive which target surface proteins because of high levels of intraspecific
genetic polymorphism (Raviv et al., 2007). For detection of M. gallisepticum
many PCR methods are applied including commercial kits produced by IDEXX
Laboratories, Genekam Biotechnology AG etc. PCR essays are developed to
target various genes including 16S rRNA gene, pvpA, gap A, lipoprotein, mgc2
and 16S-23S intergenic spacer region (Domanska-Blicharzet al., 2008). PCR
developed by targeting 16S rRNA gene has its own limitations and shortcomings.
Although this region is highly conserved but 16S rRNA gene of M. gallisepticum
and M. imitans is very much similar and both organisms are amplified (Garcia et
al., 2005). Keeping in mind the above mentioned limitations of PCR essays based
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on 16S rDNA region and 16S rRNA gene, we can say that PCR cannot be solely
used to identify M.gallisepticum without possibility of false positive results.
Surface proteins on which PCR essays are based help the Mycoplasma cell to
bind to the host cell membrane-receptors. These proteins which mediate the
attachment are called cytoadhesins. After the firm attachment of Mycoplasma to
host cell, pathogenesis and host cell alterations occur (Goh et al., 1998). One of
the important cytoadhesins is encoded by mgc2 gene (Boguslavsky et al., 2000).
For the detection of M. gallisepticum, mgc2-PCR is highly specific and sensitive
(Garecia et al,. 2005).

In M. gallisepticum, mgc2 gene is fairly conserved and is used for molecular
detection of isolates. Essay based on mgc2 gene is able to differentiate between
field strain and the vaccine strain (Lysnyansky et al., 2005). Other cytoadhesins
are encoded by gapA gene (Goh et al., 1998), PvpA gene (Boguslavsky et al.,
2000) and MGA 0319 gene (Garcia et al., 2005). In a study 42.4% tracheal
samples were found positive when Mycoplasma specific primers were used. The
reason for the high prevalence by PCR is the detection of DNA from both viable
and non viable Mycoplasma (Marois et al., 2001). As compared to culture
isolation, PCR is fast, less expensive, effective and more reliable.

CONTROL OF MYCOPLASMOSIS

The three main components of control program for Mycoplasma include
biosecurity, treatment and vaccination. Rapid expansion of poultry industry and
high concentration of multi aged birds in the close proximity are the other main
reasons for the high incidence of Mycoplasma. Due to these factors and poor
biosecurity measures, it is difficult to maintain Mycoplasma free flock
(Lysnyansky et al., 2005). Vertical transmission is one of the major reason for
ineffective control of Mycoplasma (Papazisi et al., 2002). First step towards the
control of Mycoplasma is the acquisition of fertile eggs and poultry birds which
are free from Mycoplasma. This can be achieved by antibiotic treatment of fertile
eggs and heating the eggs at 46°C for 12-14 hours (Umar et al., 2017).

In the areas where complete eradication is difficult, live vaccines are used as
alternative control strategy. There are five commercially available live vaccines
for the control of M. gallisepticum which include the F strain, K-strain, MS-H
strain , Ts-11 and 6/85 strain (Liu et al. 2001; Ferguson-Noel and Williams,
2015). The MG-F strain was described as typical pathogenic and naturally
occurring strain. A single dose of MG-F strain vaccine is needed to protect the
birds against M. gallisepticum (Ley, 2003). The F strain is highly virulent and
immunogenic, but is responsible for post vaccination clinical outbreaks. The Ts-
11 and 6/85 strain originated from Australia and U.S.A respectively (Ferraz and
Danelli, 2003). Ts-11 and 6/85 are live vaccines and contain poorly transmitted
strains which makes them safer vaccine than MG-F strain vaccine. Ts-11 and
6/85 strain show post vaccination mild respiratory stress but induce lower
immunity as compared to MG F strain vaccine (Peebles et al., 2015; Umar et
al., 2017).

Inactivated oil-emulsion bacterins and recombinant vaccines are also used to
protect the poultry birds from Mycoplasma. These vaccines are quite successful
and have shown minimal resistance against local infections (Jacob et al., 2015).
A recombinant fowl pox (rFP-MG) vaccine that possesses and express protective
MG antigen is shown to be less effective than live vaccine, but there is no risk of
introducing live pathogen (Jacob et al., 2014).

CONCLUSION

Control of Mycoplasmosis is generally based on the elimination of these
organisms from poultry flocks. It is only possible in those flocks where
prevalence is low like in grandparent flocks. In layers such approach is not
feasible. Medication and vaccination are the parts of control strategy of
mycoplasmosis. Poultry industry is expanding fast worldwide. Very close
location of the poultry farms, rearing of mixed avian species in close milieus,
mixed commercial poultry farming and presence of wild birds in close proximity
have made the control of this disease very difficult and almost impossible to
maintain Mycoplasma free flocks. Establishment of Mycoplasma free breeding
flocks is required for the control of Mycoplasmosis as it is transmitted by vertical
method. Before adding to the flock poultry birds should be tested. Breeding stock
should be purchased from certified infection free sources. Poultry birds should be
hatched and reared in a way to reduce the horizontal transmission by preventing
the contact with infected flocks. The poultry equipments and premises should be
disinfected and cleaned on regular basis. To eliminate the infection from flock,
repeated testing and culling of carrier birds can be helpful. Compounds
containing phenols and quaternary ammonium based compounds should be used
for effective disinfection. Keeping in mind the economic importance and high
incidence of the mycoplasmosis, there is dire need to design the prevalence study
to define and quantify the load of avian mycoplasmosis in the region.
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