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ABSTRACT 

 

Mycoplasmosis, the diseases caused by mycoplasma, are one of the challenging and continuous threats 

to small ruminant farming. They cause heavy morbidity (upto 100%), mortality (10-100%) and huge 

economic loss. Common diseases caused by mycoplasma organisms are contagious caprine 

pleuropneumonia (mostly in goats), contagious agalactia (both sheep and goats), atypical pneumonia 

(usually sheep), besides arthritis, mastitis, seminal vesiculitis, ampullitis, epididymitis, orchitis, 

urethritis, conjunctivitis and meningitis either alone or as classical syndromes. The common 

mycoplasma includes Mycoplasma mycoides subspecies mycoides, M. mycoides subsp. capri, M. 

capricolum subsp. capripneumoniae, M. capricolum subsp. capricolum, M. agalactiae, M. bovis and M. 

conjunctivae etc. Most of the mycoplasmas produce a conglomerate of clinical signs hampering 

diagnosis. The other main challenge posed by mycoplasma is the difficulty in isolation due to lack of  
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1 Introduction  

Mycoplasmosis are the infectious diseases caused by smallest wall 

less prokaryotes known as mycoplasma (Nicholet, 1996; Kumar et 

al., 2011a). It is now an emerging threat and transboundary 

epidemiological disease posing a worldwide regulation on small 

ruminant productions and hence huge economic constraints for 

farmers and small ruminant rearing countries (Thiaucourt & 

Bolske, 1996; Ruffin, 2001; Kumar et al., 2011a; Chakraborty et 

al., 2014; Prats-van der Ham et al., 2015). The pathogens of these 

diseases have autonomous replication and are extracellular 

parasites on mucous membranes in animals (Razin et al., 1998). 

They are mostly commensals but can cause heavy morbidity and 

mortality under favourable circumstances (Tigga et al., 2014). 

This mycoplasma class comprises of four orders having several 

families and more than 160 species affecting animals and humans 

(DaMassa, 1996; Nicholas, 2002; Kumar et al., 2014). The 

common mycoplasmal pathogens are M. mycoides subsp. 

mycoides (cattle), M. mycoides subsp. capri (goats), M. 

ovipneumoniae (sheep), M. putrefaciens (goats), Mycoplasma 

capricolum subsp. capripneumoniae or F38-like group of 

MacOwan (goats), M. conjunctivae (sheep), M. leachii (cattle), M. 

alvi (cattle), M. capricolum subsp. capricolum (goats), M. 

alkalescens (cattle), M. arginini (all ruminants),  M. canadense 

(cattle), ovine/caprine group 5 of Al-Aubaidi, M. agalactiae 

(goats and sheep), M. bovigenitalium (cattle), M. bovis (cattle), M. 

californicum (cattle), M. verecundum (cattle), ovine/caprine 

groups 11 and 5 of Al-Aubaidi (Nicholas 2002; Kumar et al., 

2011b; Kumar et al., 2014; Chakraborty et al., 2014).  

Common mycoplasmal diseases include contagious caprine 

pleuropneumonia, contagious agalactia, pneumonias, besides 

arthritis, mastitis, seminal vesiculitis, ampullitis, epididymitis, 

orchitis, urethritis, conjunctivitis and meningitis either alone or as 

classical syndromes (Nayak & Bhowmik, 1990b; DaMassa, 1996; 

Thiaucourt & Bolske, 1996; Kumar et al., 2014). These diseases 

produce a conglomerate of clinical signs including respiratory 

signs, genito-urogenital signs, mastitis, arthritis, conjunctivitis and 

nervous signs thus making clinical diagnosis difficult (Priya et al., 

2008; Ravishankar et al., 2011; Awati & Chavhan, 2013; 

Chakraborty et al., 2014). Some mycoplasmal infections though 

produce distinct signs but two or more organisms share the 

clinical outcome hindering further clinical diagnosis (Thiaucourt 

& Bolske, 1996; DaMassa, 1996; Nicholas, 2002; Chakraborty et 

al., 2014). Postmortem lesions and pathological changes can 

provide a valuable diagnostic tool for which morbid material or 

tissue is prerequisite and the cumbersome process requires expert 

sampling, laboratory efficient processing and expert interpretation 

(DaMassa, 1996; Kusiluka et al., 2000; Nicholas, 2002; 

Chakraborty et al., 2014). Hence for better diagnosis, laboratory 

diagnosis is important of which isolation and identification is 

considered as gold standard method of diagnosis (Thiaucourt & 

Bolske, 1996; DaMassa, 1996; Nicholas, 2002; Chakraborty et al., 

2014). Laboratory diagnosis involves an efficient sampling 

protocol, expensive but highly specific cultural media and 

culturing techniques, isolation in a well-equipped and safe 

laboratory, identification and characterization by specific and 

sensitive methods involving colony characteristics, staining, 

morphology, biochemical testing, agglutination, complement 

fixation, enzyme-linked immunosorbent assay (ELISA), 

polymerase chain reaction (PCR), and genome sequencing 

(Manso-Silván et al.,  2011; Chakraborty et al., 2014; Tatay-

Dualde et al., 2015; Tatay-Dualde et al., 2016). A combined group 

of tests can be applied together (multiplex PCR) (Manso-Silván et 

al., 2011; Chakraborty et al., 2014; Prats-van der Ham et al., 

2015). Conventional laboratory tests are affordable but are hectic 

both due to mycoplasmal fastidious nature, slow growth and rapid 

loss, and specific growth requirements while as the modern tests 

are costly and not available in all countries (Thiaucourt et al., 

1996; Thiaucourt & Bolske, 1996; DaMassa, 1996; Nicholas, 

2002; Chakraborty et al., 2014). 

Prophylactic measures are prerequisite for prevention and control 

of mycoplasmosis keeping in view the frequent occurrence of 

outbreaks in small ruminants (Rurangirwa et al., 1987a; 

Thiaucourt et al., 1996; Kumar et al., 2009; Kumar et al., 2014). It 

will also minimize cost involvement for the treatment of affected 

animals. However vaccines are generally lacking in India and in 

Prevention 

Control 

 

facilities and expertise, expensive involvements as well as fastidiousness of the pathogen. Hence 

prophylactic measures could be a better option for prevention and control however vaccines are 

lacking in most of the countries. Therapeutics is currently being used to cure the disease and 

prevent losses, both in terms of mortality and reduced production. In future main thrust should be 

on the development of sensitive and specific diagnostic facilities for early and rapid diagnosis of 

mycoplasmosis, locally feasible and strain specific vaccines for prevention and control and 

highly effective therapeutic protocols with cheap, readily available, and efficacious drugs for the 

treatment of mycoplasmosis. The main aim of this review is to highlight the common 

mycoplasmal diseases in small ruminants in India with emphasis on diagnosis, therapeutics and 

prophylaxis. 
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most parts of the world. It needs to be developed from local 

isolates of mycoplasma. Novel vaccine development may be 

focused on recombinant vaccines, DNA vaccines, mycoplasma 

specific lipoprotein and polysaccharide utilization (Nicholas et al., 

2009; Kumar et al., 2009; Kumar et al., 2014; Thankappan et al., 

2017). 

Till the vaccines are commercially available and affordable, the 

therapeutic efforts with commonly available antibiotics are going 

to be in use both in sporadic cases and outbreaks. However the 

usual practice is of using antibiotics for treating affected animals 

even before diagnosis. Oxyteracycline being the popular and the 

commonest antibiotic among herds men. Other commonly 

available and used antibiotics include enrofloxacin, streptomycin, 

gentamicin, whereas rarely available ones are tylosin, florfenicol, 

tiamulin and danofloxacin (Sarkar et al., 1992; Bergonier et al., 

1997; Kumar et al., 2012; Abraham et al., 2015). Antibiotic 

resistance is already in rise against many antibiotics by different 

mycoplasma (Tatay-Dualde et al., 2017; Prats-van der Ham et al 

2017). More therapeutic trials are required for evaluating better 

curative protocols so as to minimize the risk of antibiotic 

resistance.  

Keeping in view all these lacunae and prospects for better 

combating the mycoplasmosis in small ruminants thrust should be 

given on novel and advanced methods of diagnosis with high 

specificity and sensitivity for confirmation followed by 

development of prophylactic measures using locally isolated 

mollicute strain along with highly efficacious, affordable and 

easily available therapeutics for curing the ailing animals. 

2 Etiologies 

A number of mycoplasma have been reported as cause of 

mycoplasmosis in sheep and goats in India causing various 

diseases (Thiaucourt & Bolske, 1996; Kumar et al., 2013; 

Chakraborty et al., 2014; Jain et al., 2015). Mycoplasma mycoides 

cluster group have five species as important pathogens for small 

ruminants (Nicholas et al., 2009; Chakraborty et al., 2014). These 

members include M. mycoides subsp. mycoides, M. mycoides 

subsp. capri (Mmc), M. capricolum subsp. capricolum (Mcc), M. 

capricolum subsp. capripneumoniae (Mccp) and M. leachii and 

are closely interrelated both serologically and genetically (Manso-

Silván et al., 2009; Kumar et al., 2013; Chakraborty et al., 2014).  

More than 160 species of mycoplasma are affecting animals and 

humans, the common mycoplasmal pathogens of sheep and goat 

are M. mycoides subsp. capri (goats), M. ovipneumoniae (sheep), 

M. putrefaciens (goats), M. capricolum subsp. capripneumonia or 

F38-like group of MacOwan (goats), M. conjunctivae (sheep), M. 

capricolum subsp. capricolum (goats), M. arginini (all ruminants),  

ovine/caprine group 5 of Al-Aubaidi, M. agalactiae (goats and 

sheep), ovine/caprine groups 11 and 5 of Al-Aubaidi (Leach, 

1967; Al-Aubaidi, 1972; Cottew & Yeats, 1978; Erno et al., 

1983). Respiratory disease of high severity caused by M. 

capricolum subsp. capripneumoniae has been observed in goats 

and mainly predispose due to stressful conditions viz., 

transportation, overcrowding; sudden changes in environment etc 

(Gonçalves et al., 2010; Rifatbegović et al., 2011; Rahal et al., 

2014).  

A number of mycoplasma have been isolated or identified as 

etiological agents of mycoplasmosis in sheep and goat in India 

also. M. agalactiae has been reported in goats affected with 

granular vulvovaginitis (GW) (Singh et al., 1974). Kumar & 

Chandiramani (1987) also isolated and characterized M. 

agalactiae from premature born kids. Kumar et al. (2011a) 

isolated, identified and molecularly characterized mycoplasma 

isolates from goats of Gujarat State in India and found M. 

mycoides subsp. capri, M. agalactiae, M. capricolum subsp. 

capricolum (Mcc), as the main isolates. Mccp has been isolated in 

India (Rurangirwa & McGuire, 1996; Kumar & Garg, 1991). 

Mmm was once believed to be a major cause of disease in goats in 

India (Rurangirwa & McGuire, 1996). Mycoplasma bovis was 

isolated and characterized by Kumar et al. (2012) in sheep 

suffering from pneumonia whereas that of M. mycoides subsp. 

capri from milk of natural goat mastitis cases by Kumar et al. 

(2013). M. capricolum subsp. capripneumoniae (Mccp) has been 

reported from different parts of the world in goats affected with 

contagious caprine pleuropneumonia (CCPP) (Walker, 1914; 

Suryawanshi et al., 2015; Sheikh et al., 2016; Yatoo & Kanwar, 

2016). Gupta et al. (1984) studied etiopathology of CCPP in 

goats. Mccp is grouped in M. mycoides cluster. M. mycoides 

subsp. capri affect small ruminants in similar way but may 

additionally cause extrapulmonary signs and lesions (Ravishankar 

et al., 2011).  

Walker (1914) observed CCPP in goats in Kangra district of then 

Punjab. Kumar & Garg (1991) isolated Mycoplasma F-38 from 

the milk of mastitic cows. Srivastava et al. (2000) isolated M. 

mycoides subsp. mycoides small colony type from contagious 

caprine pleuropneumonia affected animals in India. M. mycoides 

subsp. mycoides type LC was isolated by Singh et al. (2004) from 

caprine arthritis affected goats. M. agalactiae (Ma), M. mycoides 

subsp. capri (Mmc) and M. mycoides subsp. mycoides LC (Mmm) 

were identified by Mondal et al. (2004) from West Bengal, India. 

Roy et al. (2010) detected antibodies of Mycoplasma capri in 

goats of Gujarat state. When considering the published literature 

about clinical descriptions, the disease is posed to be endemic in 

different states of India (Walker, 1914; Rurangirwa & McGuire, 

1996; Thiaucourt & Bolske, 1996; Srivastava et al., 2000). M. 

mycoides subsp. capri (Mmc) and M. mycoides subsp. mycoides 

LC (MmLC) have been erroneously referred as CCPP in India 
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(Nicholas et al., 2008) which is now believed to be endemic 

(Walker, 1914; Srivastava et al., 2000; Prats-van der Ham et al., 

2015). Different species and subspecies of Mycoplasma along 

with the host, and the disease it causes have been given in                   

Table 1. 

3 Occurrence 

Occurrence of mycoplasmosis in India has been noted from time 

to time with the report of Walker (1914) being the earliest 

however some believe that in India outbreaks of CCPP occurred 

as early as 1889 from Bombay (Verma, 2000). Bawa (1944) 

reported occurrence of contagious agalactia for the first time in 

India. Since then a large number of outbreaks or isolated cases of 

mycoplasmosis have been reported from different parts of the 

country and continue to exist in many states of the country 

including Jammu and Kashmir, Himachal Pradesh, Punjab, 

Madhya Pradesh, Maharashtra, Chatisgarh, Ranchi, West Bengal, 

Gujarat, Tamil Nadu, Karnataka, Kerala (Kannur district), Uttar 

Pradesh and Tripura (Ingle et al. 2008; Priya et al., 2008; 

Ramdeva et al., 2008; Ravishankar et al., 2011; Awati & 

Chavhan, 2013; Sheikh et al., 2008; Yatoo et al., 2014; Sheikh et 

al., 2016;Yatoo & Kanwar, 2016).  

Occurrence of CCPP in Ladakh (Jammu and Kashmir) can be 

inferred from the fact that the clinical cases of CCPP are routinely 

observed in the region which presents typical clinical signs and 

postmortem lesions of CCPP (Sheikh et al., 2008; Yatoo et al., 

2014; Sheikh et al., 2016). Also occurrence of CCPP in 

surrounding states like Himachal Pradesh, Punjab (Walker, 1914; 

Srivastava et al., 2000) or neighboring countries like China (Chu 

et al., 2011), Pakistan (Awan et al., 2010; Samiullah, 2013), 

Afghanistan and Tajikistan (Peyraud et al., 2014) can influence 

occurrence in this region being in close proximity. Occurrence of 

CCPP in surrounding wild animal species can also be a reason 

(Yu et al., 2013). 

Among the mycoplasma infections, CCPP is of major pathogenic 

concern It has become the main challenge and emerging threat to 

goat population in the country including pashmina goats in 

Changthang, Ladakh (Sheikh et al., 2008; Yatoo et al., 2014; 

Sheikh et al., 2016; Yatoo & Kanwar, 2016). CCPP has been 

noted in Maharashtra by Suryawanshi  et al. (2015) and Ingle et 

al. (2008), in Jabalpur by Gupta et al. (2016), in Kerala by 

Abraham et al. (2015);  Ravishankar et al. (2011) and Priya et al. 

(2008), in Tripura by Ghosh et al. (1989), in West Bengal by 

Guha et al. (1985) and Ravishankar et al. (2011) in Kanur Kerala, 

and Priya et al. (2008) in Wayanad district of Kerala. The clinical 

cases of CCPP in pashmina goats of Changthang, Ladakh and in 

Bakarwal goats of Kashmir valley were also observed with no 

isolation report of the organism.  

 Mycoplasmosis can occur in any age group however young and 

immunocompromised animals are mainly susceptible especially 

under harsh environmental conditions. Seasonal events can also 

affect occurrence e.g. outbreaks after heavy rains or after cold 

spells. Man-made stressful events like transportation over long 

distances can also affect occurrence. Stress can suppress 

immunity thus aggravating infection in carrier animals allowing 

shedding of pathogens (OIE, 2009). 

CCPP though frequently affects goat but occasional harbouring in 

sheep has also been noted (Sadique et al., 2012). In some cases 

high rates of morbidity, such as in recent outbreaks in Turkey, 

India or Iran or high sero-prevalences has been recorded. Further 

studies are required to know the real epidemiology of the disease, 

although some authors do assume its participation in the 

maintenance and dissemination of CCPP (Yu et al., 2013). Others 

Table 1 Different species and subspecies of Mycoplasma along with the host and the disease it causes 
 

Mycoplasma Hosts Primary site of isolation (other) Disease 

M. capricolum subsp. capripneumoniae Goat (sheep) Lungs CCPP 

M. mycoides subsp. capri Goat (sheep) Respiratory tract (joints)  Plp, A, C 

M. capricolum subsp. capricolum Goat, sheep Joints/resp. tract (udder) Plp, M, A 

M. ovipneumoniae Sheep, goat Respiratory tract P 

M. conjunctivae Sheep, goat Eyes  KC 

M. agalactiae Sheep, goat Udder (joints, eyes) M, A, Ke, P, S 

M. putrefaciens Goat (sheep) Udder (joints) M, A 

M. arginini Ubiquitous Respiratory tract None 

Source: Nicholas (2002), Nicholas et al. (2008; 2009), CCPP – Contagious caprine pleuropneumonia, Plp – Pleuropneumonia, P – 

Pneumonia, M – Mastitis, A – Arthritis, C – Conjunctivitis, Kc – Keratoconjunctivitis 
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believe that it does not affect sheep or cattle and does not produce 

local oedematous reactions when injected subcutaneously 

(MacOwan & Minette, 1976; Rurangirwa & McGuire, 1996). 

Dinesh et al. (2013) noted involvement of genetic and non-genetic 

factors on sero-prevalance of Mycoplasma mycoides subsp. capri 

in goat.  

4 Epidemiology 

4.1 Prevalence, Morbidity, Mortality  

The prevalence of mycoplasmosis in different states of India is 

variable. Though more studies are to be undertaken in most of the 

states but in some states a few studies on different species and 

subspecies of mycoplasma have been reported. This might be due 

to lack of facilities to diagnose the disease, cost involvement in 

media and culturing and lack of technical expertise. The fastidious 

nature, slow growth and special requirements of mycoplasma also 

hamper studies. Still attempts have been made through diverse 

methods based on serology like agglutination tests and 

amplification of genome by polymerase chain reaction, to 

overcome difficulties in diagnosis and reporting of disease. 

However cross reactions, less accuracy in procedures, and low 

specificity and sensitivity have led to misinterpretation of disease 

prevalence (Nicholas et al., 2008) also. Application of novel tests 

like RFLP, cELISA, and real time PCR which have been utilized 

in many studies (Woubit et al., 2004; Awan et al., 2010; Peyraud 

et al., 2014) can also be used in most of the affected parts in India. 

With whatsoever available tests, the complete flocks screening is 

required. This may be further helpful to know the actual 

prevalence in India.  

Ghosh et al. (1989) has reported 9.09 to 63.64 % prevalence of 

CCPP in goats of Tripura state. Pradhan (1997) has reported 

27.00% and Shaheen et al. (2001) reported 31.37% prevalence. 

Mondal et al. (2004) found that out of 4500 suspected 

mycoplasma infected swabs samples, 102 were positive for 

Mycoplasma agalactiae (Ma), 124 for Mycoplasma mycoides 

subsp. capri (Mmc) and 84 for M. mycoides subsp. mycoides LC 

(Mmm). Barbuddhe et al. (2005) reported 26.43% prevalence of 

CCPP in goats. Ramdeva et al. (2008) reported sero-prevalence of 

5.02% of CCPP in goats and 4.44% in sheep in Himachal Pradesh. 

Ingle et al. (2008) have reported 33.67% prevalence of CCPP in 

goats of Nagpur district of Vidarbha region of Maharashtra. 

Kumar et al. (2011b) studied mycoplasmosis in Gujarat and 8.35 

% of samples (30 out of 358) were of Mycoplasma species, the 

isolates were further characterized biochemically and identified as 

M. mycoides subsp. capri and M. capricolum subsp. capricolum 

by PCR and PCR-RFLP. Awati & Chavhan (2013) have reported 

a sero-prevalence of 35% in small ruminants in North Karnataka. 

Jain et al. (2015) studied mycoplasmosis in Barbari goats, 838 

samples of Barbari goats from different districts of Uttar Pradesh 

were tested for the presence of Mycoplasmas. Of these, 68 

(8.11%) yielded Mycoplasmas. The prevalence was highest in 

adult goats. Geographical variation was not noted when the 

prevalence was higher in winter thus indicating that the 

Mycoplasmas are prevalent in goats of this region. It is estimated 

that pneumonia alone causes at least 10% mortality in sheep 

population in India of which Mycoplasma is an important cause 

(Maru et al., 1990; Jana et al., 2005). Gupta et al. (2015) also 

studied the identification of Mycoplasma species in ruminants 

with ocular infections. They used species-specific PCR tests for 

chlamydiae and mycoplasmas followed by nucleotide sequence 

analysis and observed 41.93, 14.29 and 37.5% prevalence of 

mycoplasma infection in ovine, caprine and bovines, respectively. 

Recently M. arginini was also observed as one of the important 

Mycoplasma which is found to be frequently associated with 

caprine pneumonia (Rekha et al., 2017)   

A greater incidence of respiratory infections (especially 

pneumonia) has been reported in goats from India by Udit & 

Chand (2008) who have detected Mycoplasma in several samples. 

Reporting of the presence of M. capricolum subsp. 

capripneumoniae in nasal swabs collected from goats has also 

been done from neighboring Pakistan by Awan et al. (2009). 

Tiwari et al. (2015) has studied sero-prevalence of contagious 

agalactia in goats by slide agglutination test. The overall sero-

prevalence of contagious agalactia was 9.50%. Organized goat 

farms showed higher prevalence (19.65%) than in unorganised 

sector of goatry (4.62%). Barbari breed showed 34.69% 

prevalence followed by 21.43% in Black Bengal breed, 17.48% in 

Sirohi breed, 9.09% in Jamunapari breed and the lowest 

prevalence of 2.77% was noted in non-descript breed of goats. 

Gupta et al. (2016) noted that overall sero-prevalence of CCPP in 

goats was 10.65%. Sero-prevalence of CCPP in organised goatry 

was higher (i.e. 13.54 %) than the unorganised sector of goatry 

(i.e. 9.01 %). Sex wise sero-prevalence was marginally higher in 

female (10.67 %) than the male (10.61 %). 

This indicates occurrence of mycoplasmosis in different states of 

country. However confirmatory diagnosis of disease is utmost 

essential for its successful prediction and eradication. In India, till 

date, no commercial diagnostic antigen or kit is available for 

diagnosis of mycoplasmal diseases in goats. Hence sero-

prevalence of the disease is not well known in different states of 

the country. Almost 7-11% of disease outbreaks are having 

clinical resemblance to CCPP (commonly known as Caprine 

Pleuropneumonia) in pashmina goats (Yatoo & Kanwar, 2016; 

Sheikh et al., 2016). It causes huge morbidity (90-100%) and 

mortality (70-90%) in pashmina goats. Clinical outbreaks of 

CCPP in a flock often show 100% morbidity and mortality rate of 

60 to 70% in untreated cases. A morbidity of 80% and mortality 

of 62% were recorded in CCPP by Abraham et al. (2015). Sheikh 
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et al. (2016) has also quoted a sero-prevalnce of 36.5% (69 out of 

200 cases) of CCPP in pashmina goats. Treatment has reduced 

morbidity and mortality to 16.66% and 9.16% against 100% and 

66.66% respectively. Hussain et al. (2012) reported a mortality of 

9.17% due to CCPP. Ravishankar et al. (2011) showed 62.5% 

antimycoplasma antibodies on rapid plate agglutination test in 

goats. Abraham et al. (2015) noted higher morbidity (80%) and 

mortality (62%) in CCPP outbreak. 

It is very crucial to note that the evolution as well as dynamics of 

various strains of M. capricolum subsp. capripneumoniae (Mccp) 

must be studied comprehensively for understanding the CCPP 

epidemiology. Robust genotyping tools along with molecular 

advances are required for conducting investigations in relation to 

molecular epidemiology. The 16S rRNA gene formed the initial 

basis of molecular epidemiological studies viz., phylogenetic 

analyses of different strains of Mccp. It is hypothetical to know 

the polymorphism, if exist to certain extent between two gene 

copies (16S rRNA) of the strains of Mccp. This has ultimately 

allowed the use of this very particular housekeeping gene for 

combining analyses for both evolutionary as well as 

epidemiological investigations (Pettersson et al., 1998; Dupuy et 

al., 2015). 

5 Economic impacts 

Mycoplasma cause severe and contagious diseases in small 

ruminants, with significant economic impact (OIE 2017a). 

Economic losses due to mycoplasmosis are both by morbidity, 

mortality and decline or loss of production performance. 

Mycoplasmosis in small ruminants has greater impact as usually it 

is a rapidly spreading epidemic involving large population thus 

affecting in outbreak forms mostly. Morbidity causes constraints 

in livestock management, overburdens with costs of treatment, 

and imposes restriction on trade or transport. Mortality causes 

direct loss by death of the valuable animals. Diseased animals are 

usually culled in developed countries, which is not possible in 

India and have low production and quality of products is poor. 

Loss on production performance is severe. CCPP causes huge 

economic losses to Changpas, who are directly dependent (90-

100%) on traditional and nationally important venture-pashmina 

farming (Yatoo et al., 2014) and contribute 80% (45-50 tons) to 

national output (60 tons) of pashmina. Losses are both due to 

morbidity and mortality leading to production loss in affected 

animals, costs for diagnosis and treatment. In present study we 

noted a loss of around 28.48% in pashmina yield in CCPP 

affected goats and a benefit cost ratio of 2.79 in untreated animals 

against 8.76 in treated animals. Hence CCPP causes economic 

loss to pashmina farmers. Besides insecurity of spread of disease 

in other disease free areas is the cause of concern. The restriction 

in suspected / affected animal mobility is essentially required. 

6 Clinical signs of mycoplasmosis 

Clinical signs of mycoplasmosis are highly variable and usually 

not specific hence confusing. They range from respiratory, genito-

reproductive, mastitis, arthritis, conjunctivitis, skeletal, and 

nervous signs due to involvement of various systems (Lambert, 

1987; DaMassa et al., 1992; Thiaucourt & Bolske, 1996; Kumar 

et al., 2014). Different mycoplasma species also produce clinical 

signs similar to other members making clinical diagnosis further 

complicated. Some species are peculiar for certain clinical signs 

but cannot be considered confirmatory (Lambert, 1987; DaMassa 

et al., 1992; Thiaucourt & Bolske, 1996; Kumar et al., 2014). 

Clinical signs can be variable as per subspecies also as contagious 

caprine pleuropneumonia (CCPP) is caused by M. capricolum 

subspecies capripneumoniae (Mccp), atypical pneumonia by M. 

ovipneumoniae, and infectious keratoconjunctivitis by M. 

conjunctivae.  

Clinically, mycoplasma infections are usually difficult to ascertain 

as clinical signs resemble other infections.  They often lack 

pathognomonic characteristics, and symptoms can be shared or 

mimic other infections (Kumar et al., 2013; Kumar et al., 2014; 

Chakraborty et al., 2014; Jain et al., 2015). Hence diagnosis is 

usually misinterpreted (DaMassa et al., 1992; Thiaucourt & 

Bolske, 1996; Nicholas et al., 2008; Chakraborty et al., 2014, 

Tiwari et al., 2015). In acute or peracute infections animal dies 

without premonitory signs (DaMassa et al., 1992; Thiaucourt & 

Bolske, 1996,). They show no or slight histologic changes. Some 

cases can also be undetermined if of diagnostic significance 

(DaMassa et al., 1992; Thiaucourt & Bolske, 1996). However 

some mycoplasma are peculiar in their signs like 

pleuropneumonia in CCPP by Mccp, bovine arthritis and mastitis 

by M. leachii, when the other members cause MAKePS syndrome 

(Mastitis, Arthritis, Keratoconjunctivitis, Pneumonia, 

Septicaemia) which is shared by M. agalactiae and M. 

putrifaciens in goats (Thiaucourt & Bolske, 1996). However even 

in these diseases some have reported unusual signs e.g. 

inflammation of joints in CCPP (Mondal et al., 2004) which is 

unlikely but can be MmLC infection which causes arthritis and 

mastitis in goats (DaMassa et al., 1992; Sadique et al., 2012).  

The systemic involvement of different organs accompanied by 

high fever suggested the septicemic nature of disease. Singh et al. 

(1974) found that granular vulvovaginitis (GW) in goats 

associated with Mycoplasma agalactiae. Fever, anorexia, 

depression, coughing, nasal discharge, lagging, lying down, 

pleurodynae (thorax pain), arthritis, mastitis, keratoconjuctivits, 

nervousness and loss of body weight are the constellation of signs 

usually exhibited in mycoplasma infections and noted in different 

diseases in sheep and goat (Srivastava & Singh, 2000; Priya et al., 

2008; Ingle et al., 2008; Awati & Chavhan 2013; Abraham et al., 



 

 
Journal of Experimental Biology and Agriculture Science  
http://www.jebas.org 

 
 
 

270                     Yatoo et al. 

2015; Sheikh et al., 2016; Yatoo & Kanwar, 2016). The most 

consistent clinical findings of mycoplasmosis are mild to severe 

cough, purulent nasal discharge, emaciation, dyspnea, increased 

respiration rate, and pyrexia (Hussain et al., 2012). Mycoplasma 

pneumonia in goats were characterized by rise of temperature 

(40–43◦C), marked depression, tremor, reluctance to move, 

painful accelerated respiration, cough, partial to complete closure 

of nostril, nasal discharge, anorexia, low tone bleating, 

recumbency and few cases of arthritis and corneal opacity. 

Haematologically, anaemia with leutocytosis followed by 

leucoponia is noted (Mondal et al., 2004). In CCPP fever, nasal 

discharge, cough, respiratory distress and grunting has been noted 

in goats (Ravishankar et al., 2011). Similarly Abraham et al. 

(2015) also noted fever, coughing, dyspnea and frothy nasal 

discharge presented before before death in CCPP affected goats.  

In Mycoplasma agalactiae infection, the inflammation of 

mammary gland is initially caused due to connective tissue 

involvement in the udder. Ultimately there is development of 

mastitis (catarrhal/ parencymatous) that subsequently leads to 

atrophy and then agalactia. Colostrum of affected animals is a 

source of infection to kids. Pleurisy; joint pains (along with 

synovial fluid accumulation); arthritis (involving carpal as well as 

tarsal joints) in goats are common. There may be development of 

ankylosis if animals suffer from chronic infection. The cornea 

may get affected leading to keratoconjunctivitis ultimately 

resulting in blindness. There may be vulvovaginitis (granular) in 

goats (Real et al., 1994; Madanat et al., 2001; Kumar et al., 2014). 

7 Pathogenesis of mycoplasmosis 

Pathogenesis of mycoplasmosis is correlated to severity of 

pathogen and acuteness of disease. Some mycoplasma are less 

pathogenic (M. ovipneumoniae) whereas others highly pathogenic 

(M. capricolum subspecies capripneumoniae). Few mycoplasma 

results in mild disease (M. ovipneumoniae) while others in very 

severe and usually fatal disease (M. capricolum subspecies 

capripneumoniae). Pathogenesis involves gross and 

histopathological lesions due to inflammatory reactions in various 

tissues of different organs like lungs (pneumonia), joints 

(arthritis), udder (mastitis), and conjunctiva (conjuctivitis). 

Pathological lesions have been enumerated in diverse cases and 

outbreaks of mycoplasmosis (Gupta et al., 1984; Mohan & 

Obwolo, 1990; Sheikh et al., 2016). Macroscopic changes include 

pleural exudation, thickening of septa, congestion and necrosis of 

lungs, marbled appearance, hepatisation, cellulitis, inflamed 

mucous membranes, serosa, fluid exudation in joints, swelling, 

inflamed udder, hardening, conjunctivitis, lacrymation, laceration, 

vulvovaginitis, and discharges (Darzi et al., 1998; Chakraborty et 

al., 2014; Sheikh et al., 2016). The ophthalmic affections grossly 

show increased lacrimation, lymph follicles of the third eyelid are 

increased, conjunctiva show hyperemia, and corneal opacity 

occurs. Sometimes a rim of vessels extending from the limbus 

into the cornea occurs.  

The host as well as tissue specificity of the etiological agent is a 

characteristic feature of the disease CCPP due to the appearance 

of lesions solely in the lungs of goats. It has been found that 

certain Mycoplasmas possess adhesions but such component is yet 

to be recorded for M. capricolum subsp. capripneumoniae 

(Mccp). The affected goat lungs however contain the organism in 

greater concentration but the organisms are not disseminated to 

other organs. This is actually the result of specific reaction of the 

tissue of lungs to components of the organism ultimately leading 

to an aggravated inflammatory reaction (Thiaucourt & Bölske, 

1996). Pneumonic cases showed consolidation of lungs; alveolar 

exudation and pleural adhesion in CCPP affected Beetal goats 

(Hussain et al., 2012) while as patho-morphological findings 

revealed congested trachea, frothy exudates, chronic tracheitis, 

enlarged and swollen lymph nodes, unilateral or bilateral 

pneumonia, serosanguineous strands in pericardium and 

peritoneum, enlarged liver and kidney with few necrotic foci in 

mycoplasma affected goats (Mondal et al., 2004). Abraham et al. 

(2015) observed classical lesions of CCPP in an outbreak which 

were confined to thoracic cavity with extensive pleuritis, 

accumulation of clear straw coloured fluid and fibrin flocculations 

in the thoracic cavity. Lungs were adhered with large fibrin clots 

and were severely consolidated. Massive hepatisation was seen 

along with granulation in sections and thickening of pleura. 

Lesions were unilateral in most of the cases. Lesions were 

organized (Abraham et al., 2015). For Mycoplasma agalactiae, 

the predilection site (primary) is the respiratory tract mucosa 

along with mammary gland alveoli; and small intestine. Once 

infected the affected animals show signs of fever because of 

bacteremia. Subsequently there is dissemination of the organisms 

via circulation to various vital organs. It is important to note in 

this regard that disease condition involving small intestine has not 

been reported (Bergonier et al., 1997; Kizil & Ozdemir, 2006; 

Kumar et al., 2014).  

Microscopic lesions in mycoplasmosis include fibrinous 

infiltration in alveolar tissue (fibrinous pleuropneumonia), 

pericardium, neutrophilic infiltration in pulmonary tissue, 

sequestrum formation in lungs, thickening of septa between 

alveoli and lobules, pulmonary emphysema, atelectasis, 

thickening of interlobular septa, rarely abscess formation in lungs, 

heart, liver and kidney. Cellulitis is common at the site of 

infection. Arthritis in mycoplasma infection may be of severe 

fibrinopurulent type affecting nearly all joints, surrounded by 

congestion and edema. Fibrin deposition in joint and hemorrhagic 

erosions of the articular cartilages is noted (DaMassa et al. 1992). 

Microscopically lesions included conjunctivitis of eyelids, 
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extensive subepithelial infiltration of mononuclear cells, 

hyperemia, endothelial swelling, and increase in number and size 

of lymph follicles (DaMassa et al., 1992). Denudation of layers in 

conjunctiva, vulvo-vagina, diarthroidal joints is also noted 

(DaMassa et al., 1992) 

Mycoplasmosis involves fluid leakage from the vasculature as 

primary histologic change, with moderate to marked leukocyte 

exudation. Diffuse interstitial pneumonia, exudate in the alveoli 

and alveolar walls and alveoli having diffuse monocyte-

macrophage accumulation. Histiocytic meningitis, acute vessel 

wall necrosis and moderate necrosis of sinusoidal cells in spleen, 

diffuse neutrophilic infiltration in the hepatic sinusoids and 

glomeruli is noted in few cases. Joint cavity filled with fibrin, 

neutrophil exudation, necrosis of the synovial lining and 

collagenous stroma surrounding the joints laden with foci of 

coagulative necrosis. Fibrinous, leukocytic thrombi in the lungs, 

liver, and meningeal vessels may also be seen (DaMassa et al., 

1992). 

Sheikh et al. (2016) and Yatoo & Kanwar (2016) quoted similar 

findings of histopathological changes in pashmina goats affected 

with CCPP. Grossly there was large quantity of serofibrinous 

fluid, heavy fibrin deposition, and severe congestion of lungs, 

marbled appearance, necrosis and liver like consistency. 

Microscopically fibrinous infiltration, neutrophilic infiltration, 

septa was not thickened except in few; similar was case with 

pulmonary emphysema and atelectasis. Gupta et al. (1984), 

Mohan & Obwolo (1990), Darzi et al. (1998), Kumar et al. (2010) 

and Sadique et al. (2012) have also noted similar pathological 

changes in CCPP affected goats and experimental animals. 

Histopathologically, septal peribronchiolar fibrosis was the main 

lesions followed by fibrinous pleuritis and peribronchiolar cuffing 

of mononuclear cells in lungs of CCPP affected Beetal goats 

(Hussain et al., 2012). Trachea was erosive, edematous and 

haemorrhagic (Mondal et al., 2004). Blood vessels were 

haemorrhagic in lungs, necrosis of lining cells, infiltration with 

neutrophils, lymphocytes and macrophages along with thrombosis 

and emphysema. Congestion with involvement of central vein 

area in liver and glomerulonephritis and cellular infiltration in 

kidney were found. 

Microscopically, acute fibrino necrotic pleuropneumonia has been 

noted in lung tissue section of CCPP affected goats, with 

extensive vascular congestion, hemorrhage, perivascular 

infiltration and mononuclear infiltration in parenchyma (Abraham 

et al., 2015). Loss of architecture of lung parenchyma, necrotic 

cellular exudates in alveolar lumen, intra lobular oedema was 

prominent (Abraham et al., 2015). Interstitial, intralobular oedema 

of the lung is main feature of Mccp infection compared with the 

thickening of the interlobular septa with Mmc and Mmm 

(MacOwan & Minette, 1976; Rurangirwa & McGuire, 1996). 

In accordance with their potential pathogenicity and their 

localization, mollicutes are usually involved in respiratory 

diseases, skeletal diseases, udder affections, ophthalmic infections 

and diseases of the urogenital tract. As with all other infectious 

agents, the outcome of the host/agent interaction depends on the 

resistance of the host, the number and virulence of the 

mycoplasmas as well as the external environment, which here 

includes the overall pressure of infection. It is therefore not 

surprising that when the resistance, either of a single animal or a 

group of animals, is lowered, mycoplasmaemia may develop, 

leading to clinical manifestations in a number of anatomical sites, 

either at sites of low resistance or under normal anatomical and 

physiological conditions. Mycoplasmas may therefore be involved 

in pneumonia, mastitis, arthritis, seminal vesiculitis, ampullitis, 

epididymitis, orchitis, urethritis, conjunctivitis and meningitis in 

addition to those classical syndromes already mentioned. 

Spontaneous cases may arise in single animals or in groups of 

animals.  

Mycoplasma being extracellular parasites of mucous membranes 

may adhere firmly to epithelial cells. However the molecular 

biology of this adherence is yet to be proven for Mccp. Adhesion 

favors colonization for setting up infection. Metabolic activity of 

mycoplasma release free radicals like hydrogen superoxide and 

super oxide radicals which can damage cilia or membranes of 

cells. Release of extracellular enzymes or toxins by mccp have not 

been investigated. The role of the capsules seen in some 

mycoplasmas, particularly the galactan of M. mycoides subsp. 

mycoides, is not clear either (Nicholet, 1996). Activation of host 

immune system by mccp though yet to be elucidated but has 

strong support of having major role in the pathogenesis of 

mycoplasmosis. Immune cell stimulation by antigens of mccp can 

aggravate or suppress immunity. The mitogenic stimulation of 

lymphocytes, antiphagocytic activity, immunosuppressive effects 

and auto-immune phenomena have been observed for many years 

in a variety of animals. Interaction of mycoplasmas with 

macrophages and monocytes induces the production of 

proinflammatory cytokines, such as the tumour necrosis factor α, 

interleukins and interferon γ. Of importance are mycoplasma 

membrane lipoproteins and certain lipids, which induce cytokine 

secretion by a mechanism distinct from that of bacterial 

lipopolysaccharides (Razin & Tully, 1995; Tully & Razin, 1996; 

Nicholet, 1996). Superantigens can also stimulate autoimmune 

response in mycoplasmosis (Nicholet, 1996). Surface antigens 

including very immunogenic lipoproteins show antigenic variation 

hence escape immune system of host. Despite pathogenic 

mechanisms being variable mccp usually causes acute diseases in 

young and immunocompromised animals only especially under 

harsh climate and chronic disease in healthy resistant animals. 

Apparently healthy carriers play a dominant role in the 

epidemiology of mycoplasmosis.  
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8 Diagnosis 

The diagnosis of mycoplasmosis under routine Indian conditions 

involves history, clinical signs, physical examination followed by 

postmortem examination and histopathology. Rarely agglutination 

tests are done, if available. Sampling requires expertise and 

culture, isolation and identification requires specialized laboratory 

and infrastructure and costly media, hence is rarely practiced and 

not affordable in all states when most of the sheep and goat 

rearing states are facing problems of mycoplasmosis. The 

diagnostic methods like complement fixation test (CFT), enzyme-

linked immunosorbent assay (ELISA), polymerase chain reaction 

(PCR), sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS-PAGE), Restriction Fragment Length Polymorphism 

(RFLP) and DNA sequencing should be recommended to explore 

the disease situation in most states. 

For diagnosis of mycoplasmosis the conventional methods include 

isolation in specific media, followed by biochemical 

characterization and staining (Chakraborty et al., 2014). Specific 

media recommended are modified Hank's Balanced Salt Solution 

Liquid Media (MBHS-L) for ovine and caprine mycoplasma 

(Nicholas, 2002; Kumar et al., 2012; Kumar et al., 2014), 

MacOwan and Minette’s media to culture Mccp organisms 

(MacOwan & Minette, 1976), termed  as viande foie goat (VFG), 

and includes goat-meat liver broth and goat serum. Other media 

are WJ (Jones & Wood, 1988), modified Hayflick’s, and modified 

Newing’s tryptose broth (Kibor & Waiyaki, 1986). Mohan et al. 

(1990) and Thiaucourt et al. (1992) noted that media enriched 

with 0.2 % (or up to 0.8 %) sodium pyruvate are better for 

primary isolation and antigen production of Mccp. In India usually 

culture is done in pleuropneumonia like organism (PPLO) broth 

constituting PPLO broth base 2.184 g, 8 ml of 25 % yeast extract, 

16 ml of inactivated horse serum, 0.8 ml of 10 % thallium acetate, 

2 ml of 25 % sodium pyruvate, 1 ml of 50 % glucose and 40,000 

IU of benzyl penicillin in 104 ml water (Srivastava et al., 2000; 

Mondal et al., 2004; Kumar et al., 2011a; Kumar et al., 2013; 

Abraham et al., 2015; Jain et al., 2015). Staining is done by Gram 

stain, Giemsa stain, Diene’s stain,  acridine orange R stain 

(Mondal et al., 2004; Ravishankar et al., 2011; Abraham et al., 

2015; Jain et al., 2015). DNA staining can be employed on cell 

culture (Young et al., 2010). Biochemical testing is usually done 

by digitonin sensitivity, glucose fermentation, sorbitol digestion, 

arginine decarboxylation, casein and serum digestion for 

identification of Mycoplasma species (Srivastava et al., 2000; Jain 

et al., 2015). 

Growth inhibition, agar gel immunodiffusion, counter current 

immunoelectrophoresis, complement fixation, and PAGE were the 

usual  serological tests used initially (Srivastava et al., 2000; 

Chakraborty et al., 2014; Jain et al., 2015; Saminathan et al., 

2016). Cross-reactions with other mollicutes were main limitation 

of these tests hampering diagnosis (Thiaucourt & Bolske, 1996, 

Chakraborty et al., 2014). Immunobinding assay with polyclonal 

sera was able to differentiate closely related species. This was 

followed by using specific and purified antigens by PAGE and 

SDS-PAGE for specific diagnostic purpose (Srivastava et al., 

2000; Chakraborty et al., 2014; Kumar et al., 2014). Identification 

of novel antigens or proteins with SDS-PAGE and 

immunoblotting paves way for future diagnostics. They are the 

basis for sensitive and specific tests (Srivastava et al., 2000; 

Chakraborty et al., 2014; Kumar et al., 2014). Development of 

monoclonal antibodies may provide an improved diagnostic 

capability. Sensitive and specific ELISAs based on monoclonal 

antibodies from purified and specific immunogenic proteins led to 

better diagnosis (Peyraud et al., 2014; Chakraborty et al., 2014; 

Kumar et al., 2014; OIE, 2017b). Molecular evaluation 

of Mycoplasma species based on different set of primers to 

identify different species further aided in diagnosis process. For 

highly specific diagnostic test especially based on monoclonal 

antibody highly specific and potent antigenic protein is isolated in 

SDS-PAGE followed by western blotting using homo- and 

heterologous sera against different Mycoplasma species and 

subspecies (Srivastava et al., 2000; Chakraborty et al., 2014; 

Kumar et al., 2014; OIE, 2017a). Species and subspecies specific 

diagnostic proteins have become basis for development of many 

advanced tests for the detection of mycoplasma (Chakraborty et 

al., 2014; Kumar et al., 2014; OIE, 2017b). 

PCR as well as PCR-RFLP are being used for molecular diagnosis 

of several clusters as well as groups using species specific primers 

(Chakraborty et al., 2014). Different techniques like Restriction 

Fragment Length Polymerase (RFLP) assay (Kumar et al., 

2011b), Lateral Flow assay (Arun et al., 2014), Loop mediated 

Isothermal Amplification (LAMP) test (Rekha et al., 2014; Rekha 

et al., 2015) have been tried. Combination of conventional and 

advanced molecular tests is preferred for confirmation of field 

outbreaks. Growth inhibition test has been employed for 

identification of the Mccp agent followed by PCR. These tests 

help in differentiating M. capricolum and M. putrefaciens 

(Chakraborty et al., 2014). Recently multiplex PCRs are being 

used for diagnosis of mycoplasma infections (Chakraborty et al., 

2014; Settypalli et al., 2016). This also helps in ruling out other 

infections (Chakraborty et al., 2014; Settypalli et al., 2016). 

Specific genes like arcD, polC and fusA are being explored for 

diagnostic purpose (Woubit et al., 2004; Chakraborty et al., 2014; 

Ambroset et al., 2017). Kashoo et al. (2013) conducted a study for 

amplification as well as cloning of the M. agalactiae p80 gene for 

which PCR assays (specific for M. agalactiae) have been 

employed. Self designing of the primers (gene specific) is a 

special feature of the study. This particular study is indicative of 

the fact that as far as investigation of contagious agalactia is 

concerned the use of p80 protein (conserved) aids to the 
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specificity of diagnosis. It is important to note that some assays 

require further assessment of clinical specimens while others are 

very promising for large scale diagnosis and have field 

applicability (Chakraborty et al., 2014; Liljander et al. 2015). 

Mycoplasma mycoides subsp. capri (Mmc) has been detected 

from milk (bulk samples) of goats suffering from mastitis in an 

area affected with contagious agalactia by applying PCR. 

Experimental study has also indicated the usefulness of PCR to 

detect Mmc (Misri et al., 1988; Amores et al., 2012). The 16S 

amplified rDNA restriction analysis (16S ARDRA) has been 

employed for studying strain variation (intra species). Such study 

helped in recovering 3.5 per cent isolates of Mmc. 16S ARDRA 

has revealed multiple variants (intra species) among the isolates 

recovered. This study has lead to the conclusion that mycoplasmal 

mastitis may be caused by Mmc in goats in India (Kumar et al., 

2013). 

In accordance with Rurangirwa & McGuire (1996), the general 

diagnosis of members of Mollicutes is based primarily on the 

following criteria: absence of a cell wall, typical "fried egg" 

appearance of the minute colonies, filtrability through a 

membrane filter of 450 nm pore diameter, and absence of 

reversion of fresh isolates to bacteria of divisions I, II or IV under 

appropriate conditions. 

Since mollicutes do not have a cell wall, the micro-organisms of 

this group appear purplish-pink while staining with Giemsa stain. 

Identification procedures include biochemical and serological 

methods, and their interpretation depends on the combined results 

of a series of tests. Prior to any detailed examination, the culture 

must be pure. Once this result has been obtained (e.g. by a colony 

cloning procedure), the following steps, which are all described in 

great detail elsewhere (Rurangirwa & McGuire, 1996; OIE, 

2017a), are performed: a. Sensitivity to digitonin: Mycoplasmas 

and ureaplasmas are sensitive, while acholeplasmas are resistant. 

At this point the latter are subjected to serological examinations. 

b. Test for urease activity. The ureaplasmas are urease positive, 

while mycoplasmas are negative. At this point ureaplasmas are 

subjected to serological tests. c. Strains of genus Mycoplasma are 

examined using six biochemical tests: catabolism of glucose and 

arginine, phosphatase activity, digestion of coagulated horse 

serum, and reduction of tetrazolium chloride under aerobic and 

anaerobic conditions. Antisera for subsequent serological tests are 

selected according to the results of the first two tests, which 

reliably subdivide mycoplasmas into four biochemically defined 

groups. A further subdivision of these four groups may be 

attempted on the basis of phosphatase activity, but this property is 

subject to intra-species variability and even strain instability. 

Strains which digest serum are probably confined to the following 

species or groups: M. mycoides subsp. mycoides, and subsp. capri, 

M. capricolum, group 7 of Leach and the F38-like group of 

MacOwan. d. Serological tests: A number of sera, selected 

according to the results of the above tests, is examined with the 

indirect immunofluorescence (IMF) test, using unfixed agar 

colonies. The IMF test depends primarily on surface antigens, is 

usually species-specific, and is easy to interpret. As a second step 

in serological examination, all sera reacting positively to IMF are 

subjected to the growth inhibition (GI) test, which also reveals 

surface antigens. As a final step, the growth precipitation test is 

recommended. 

Keeping in view these points the specific and sensitive diagnosis 

of mycoplasmosis is utmost important for proper management of 

these diseases in India. Of the most significant importance are 

CCPP and contagious agalactia. Despite several diagnostic 

procedures confirmatory diagnosis is still not satisfactorily 

available probably due to multiple / mixed mollicutes etiology. 

Though in India the usual test used in most of the studies on 

mycoplasmosis is rapid plate agglutination test also called as slide 

agglutination test (Ravishankar et al. 2011; Awati & Chavhan, 

2013; Gupta et al., 2016) but has been misinterpreted for 

diagnostic test of CCPP in most of these studies and is not 

confirmatory for CCPP. Sometimes diagnosis based on one 

criterion has not followed other criteria e.g. CCPP diagnosed 

goats on PCR have not shown any pathogenic bacteria on 

impression smears of lungs and other visceral organs. Also 

cultural examination of heart blood and lungs were not conclusive 

(Abraham et al., 2015). Microbial culture, isolation and 

identification along with Giemsa staining and biochemical tests 

such as digitonin sensitivity, glucose fermentation, arginine 

decarboxylation, casein digestion for identification of 

Mycoplasma species were used by Jain et al. (2015). PCR, PAGE, 

immune binding assay were evaluated for the diagnosis of 

different mycoplasma by Kumar et al. (2001; 2002; 2010). PCR 

was used for confirmation of CCPP in goats in Kerala (Abraham 

et al., 2015). A genome fragment of Mycoplasma conjunctivae, 

causative agent of pink eye in sheep as well as goat, which is 750 

base pairs in length has been amplified by PCR by using organism 

specific primers (Kumar et al., 2011a; Kumar et al., 2011b; 

Shahzadet al., 2013). A suitable LAMP test was developed for the 

diagnosis of Mycoplasma agalactiae the causative agent of 

contagious agalactia in goats with the detection level of 20 fg 

DNA. The test could be performed with 70 min. at 58°C constant 

temperature (Rekha et al., 2015). LAMP (Loop-Mediated 

Isothermal Amplification) were developed. This test provides a 

rapid and sensitive diagnosis in a rural environment, where no 

laboratory equipment was available. LAMP can be performed 

where thermocyclers cannot be easily maintained/ procured 

(Rekha et al., 2014). The advantage of these tests is no need of 

agarose gel electrophoresis. An attempt was also made for the 

development of Lateral flow test for the rapid detection of 

contagious agalactia in goats (Arun et al., 2014).  
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From time to time the standardization of ELISA and PCR for the 

diagnosis of Mycoides clusters of Mycoplasma viz., Mycoplasma 

mycoides subsp. mycoides, Mycoplasma mycoides subsp. capri, 

M. capricolum subsp. capricolumn, M. capricolum, subsp. 

capripneumoniae and Mycoplasma leachii ( bovine group 7) are 

also observed (IVRI, 2016). 

Rarely blood biochemistry is practiced and is usually of little 

diagnostic significance. Biochemical parameters like total protein, 

albumin were found lower in mycoplasma affected goats in 

comparison to control ones however SGOT, SGPT, serum 

calcium, blood sugar and globulin were increased (Mondal et al., 

2004). Histopathological examination of gross and microscopic 

lesions is also being used for diagnosis (Mondal et al., 2004). 

Such approaches should be further explored for the holistic 

diagnosis. Hence species and subspecies specific diagnostic tests 

are needed for accurate and timely diagnosis of mycoplasmal 

diseases. 

9 Prevention and control 

Vaccines are of prime importance for the prevention and control 

of mycoplasmosis by using either locally or widely prevalent 

strains of the mollicute. Vaccine development for CCPP was 

attempted in India as early as 1950 (Verma, 2000). Few 

experimental attempts have been made for the development 

caprine pleuropneumonia vaccine for goats. These experimental 

vaccines against caprine pleuropneumonia have been evaluated 

from time to time (Srivastava et al., 1990; Singh 1990; Sikdar et 

al., 1993; Rana et al., 1999; Mehra et al., 2009) but its study on 

larger goat population is still required. At present there is no 

commercial vaccine available against major mycoplasmal diseases 

including caprine pleuropneumonia in India to combat morbidity 

and mortality losses in goats.  

However the disease still persists in different states. Hence 

different measures were taken for improvement of small 

ruminants especially goats. There are many diseases affecting 

goats of which CCPP has gained importance in recent past due to 

its frequent occurrence and huge economic loss. Attempts were 

made from 1990s for the vaccine development against 

mycoplasma. Srivastava et al. (1990) conducted preliminary trials 

on attenuated vaccine against caprine pleuropneumonia. Sikdar et 

al. (1993) also conducted a preliminary investigation on 

development of a killed vaccine against caprine pleuropneumonia 

in goats. The lyophilized vaccine using Mycoplasma capricolum 

subsp. capripneumoniae was found to be effective in order to 

generate protective immunity against CCPP in goats in African 

countries as it was able to give protection of 12 months duration 

(Rurangirwa et al., 1987a; Rurangirwa et al., 1987b). Rana et al. 

(1999) studied humoral response in goats immunized with killed 

Mycoplasma mycoides subsp. capri saponin vaccine by slide 

agglutinatioin and latex agglutination tests. Kumar et al. (2009) 

studied immunogenicity of Mycoplasma agalactiae saponin 

vaccine in mice.  

As mycoplasma are normal inhabitants of ovine and caprine 

respiratory tract and cause diseases only under stressful conditions 

like adverse climate, nutrient deficiency, overcrowding and 

immunosuppression hence better managemental interventions can 

be helpful for prophylactic regimes (Sheikh et al., 2008; Yatoo et 

al., 2014; Yatoo & Kanwar, 2016).  

10 Treatment  

A wide range of antibiotics have been tried in therapeutic 

management of mycoplasmosis in sheep and goat under field 

conditions in India. They include oxytetracycline, enrofloxacin, 

tylosin, florfenicol, tiamulin and danofloxacin. Our field 

observations revealed several important findings regarding use of 

different antibiotics against mycoplasmosis under field conditions 

in Changthang. Oxytetracycline being the most commonly used 

and easily available antibiotic with good efficacy but results in 

abortion in pregnant animals and is generally in oily solvent hence 

highly painful besides intravenous administration is difficult due 

to both technical reasons and large herd size of small ruminants. 

Enrofloxacin though effective against mycoplasma under filed 

conditions and has good availability but concerns regarding fetal 

abnormalities (bone deformities) over prolonged use should be 

kept in mind. Tylosin is also highly effective under field 

conditions but it is usually not available under field conditions 

especially in remote and far-flung areas in India which are main 

areas for small ruminant farming.  

Use of antibiotics in combination with anti-inflammatory, anti-

pyretic, analgesic and anti-allergic drugs is not common under 

field conditions but is essential for preventing the pathogen 

induced severe inflammation, fever, thorax pain (pleurodynia) and 

allergic reactions. This will also minimize severity of disease and 

facilitate early recovery. However penicillins are found not 

effective against mycoplasma under field outbreaks which might 

be due to lack of cell wall. Many reports of use of antibiotics 

either alone or in combination with other drugs have been 

reported in several studies. Guha et al. (1985) studied effect of 

tylosin tartrate on experimental and natural cases of CCPP 

affected kids. Efficacy of oral administration of tylosin tartrate in 

the treatment of experimental and natural cases of caprine 

mycoplasmosis was noted by Bhaumik et al. (1990). Nayak & 

Bhowmik (1990a) studied in vitro drug sensitivity and 

chemotherapy of mycoplasmal septicaemic polyarthritis in goat 

kids. Bagherwal & Sisodia (1991) evaluated long acting 

oxytetracycline as chemotherapeutic agent against pneumonia in 

kids due to mycoplasma infection. Sarkar et al. (1992) studied 

treatment of natural cases of pneumonia associated with 
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mycoplasma infection and found that the efficacy of treatment 

with tylosin was 66.67 % and that of tiamulin 75 %. Bergonier et 

al. (1997) has reviewed some treatment aspects of contagious 

agalactia with Indian references. Kumar et al. (2012) studied 

antibiogram of Mycoplasma bovis in sheep pneumonia. Abraham 

et al. (2015) noted that the outbreak of CCPP was unresponsive to 

usual antibiotic therapy and was fast spreading within the flock. 

This may raise a concern about antibiotic resistance against 

mycoplasmosis due to prolonged use of antibiotics in different 

regions of various states in India. Similar observation we noted 

under field conditions wherein extensive of oxytetracycline may 

pose serious threat of antibiotic resistance against CCPP. 

Conclusion 

Mycoplasmosis has emerged as a recent and hidden threat to small 

ruminants in India causing huge economic and production losses. 

Frequent cases and outbreaks are noted in many states of the 

country but lack of proper diagnostic facilities renders reporting 

inefficient hence diagnosis is usually based on clinical 

presentation, postmortem and histopathological lesions. 

Mycoplasmosis in small ruminants involves a range of 

mycoplasma belonging to different species and subspecies. 

Common ones are Mycoplasma capri subsp capripneumonia 

(goats), M. agalactiae (goats and sheep), M. ovipneumoniae 

(sheep), M. mycoides subsp. mycoides (cattle),  M. mycoides 

subsp. capri (goats), M. putrefaciens (goats), M. conjunctivae 

(sheep), M. capricolum (goats), M. arginini (all ruminants). 

Despite difficulties in diagnosis focus should be on devising good 

and skilled technical expertise, laboratory infrastructure and 

funding for proper diagnostic facilities with particular focus on 

both conventional diagnostics including cultural, biochemical, 

microbiological testing and advanced molecular techniques 

including serological like CFT, LFA, ELISA, agglutination and 

gene and protein based techniques viz. PCR, RFLP, sequencing, 

microaaray, SDS-PAGE, and western blot. Though commercial 

vaccines are yet to be available against most of the pathogenic and 

frequently occurring mycoplasmal diseases occurring in different 

states of the country, by that time development on novel curative 

regimes should be parallel focused upon. The development of 

vaccines using local isolates should be given more emphasis. This 

may be conferring immunity of longer duration as well as to all 

the age group of animals. Therapeutics involving antibiotics for 

prolonged time should be regulated with evaluation of efficacy of 

antibiotics against mycoplasmosis in particular areas so as to 

minimize unnecessary costs and risk of antibiotic resistance. 
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