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The contagious caprine pleuropneumonia (CCPP) is a complex respiratory syndrome causing high
morbidity and mortality in goats resulting in the huge economic losses in the goat farming industry. The
present study aimed to investigate the prevalence with molecular characterization of the Mycoplasma
species causing infections in goats from the Sindh province of Pakistan. A total of 800 nasal samples
from goats from four representative districts (Thatta, Tharparkar, Jamshoro and Larkana) were collected
using swabs for bacteriological investigations. A total of 48 (6%) nasal samples out of 800 were found
positive for the presence of either species of Mycoplasma in the<study area: Data indicates a higher
Mpycoplasma infection rate from the positive sample of goats in Tharparker district (35%) followed by
Thatta (27%), Jamshoro (21%) and Larkana (17%). Further, the PCR amplification using different genus

and species specific primer sets were employed to identify species infecting goats. The results showed
that two sets of genus specific primers targeting 30S ribosomal S7 proteins (31 samples) and 16S rRNA
gene (17 samples) successfully amplified all the culture positive samples indicating the presence of
Mycoplasma in the isolated samples. On the basis of molecular identification, species wise prevalence
were detected as 64.58% Mycoplasma mycoides.subsp. capri and 35.41% Mycoplasma capricolum subsp.
capripnuemoniae. Moreover, the sequencing of amplified fragments showed that the former primer only
amplified the targets from Mycoplasma mycoides, while the later amplified targets only from Mycoplasma
capricolum. The sequence analysis revealed that both of the identified species shows a highest sequence
similarity with isolates from Turkey and also clustered with same species during phylogenetic analysis.
Taken together, the current study reports for the first time the prevalence and molecular characterization of
the Mycoplasma species infecting goats in Sindh Province. The baseline data generated will further help

formal analysis, investigation,
methodology, project administration,
supervision, validation, visualization,
writing-review and editing.
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in strategic control and vaccine development against Mycoplasma infecting goats in Pakistan.

INTRODUCTION

Contagious caprine pleuropneumonia (CCPP) is an
infectious disease of caprine caused by a tiny gram
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negative bacterium belonging to the genus Mycoplasma
(Cottew et al., 1987; Fischer et al., 2012). The infection
is characterized by acute respiratory distress accompanied
by coughing with purulent discharges, fever and anorexia
(Radostitis et al., 2009; OIE, 2014). The disease results in
the huge economic losses to the livestock industry due to
its high morbidity and mortality rate in the endemic areas
especially in Asia and Africa (Nicolas ef al., 2008; OIE,
2014; Sandip et al., 2014).

Several Mycoplasma species are known to be
associated with the diseases including CCPP and contagious
agalactia (CA) in small ruminants and contagious bovine
pleuropneumonia (CBPP) in large ruminants (Quinn et al.,
2002; OIE, 2008). While, the small ruminants are known
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to be affected by the Mycoplasma species belonging to
the Mycoplasma mycoides cluster including Mycoplasma
mycoides subsp. capri (MMC), M. capricolum subsp.
capripneumoniae (MCCP) (Cottew et al., 1987; Manso-
Silvan et al.,2007; Fischer et al.,2012). However, a variety
of less clinically important species are also being involved
in the infections such as M. arginine, M. ovipneumoniae,
M. agalactiae and M. putrifaciens (Ayling and Nicholas,
2007; Manso-Silvan et al., 2007).

These Mycoplasma species are highly contagious
in nature which makes them easy spread from animal to
animal through direct contact or aerosols (Thiaucourt et
al., 1996; Lignereux et al., 2018) thereby achieving almost
100% morbidity with mortality can reach up to 80% in
affected herds (DaMassa ef al., 1997; OIE, 2014; Yatoo et
al.,2018). Several factors are considered for the continuous
persistence of the infection including environmental
conditions, breed type, immunity of individual host,
infection burden and interaction of herds (Thiaucourt ez al.,
1996; Wesonga et al., 2004). However, the cold and moist
weather further adds up in the persistence and reoccurrence
of the infection in endemic areas (OIE, 2009).

Clinically, CCPP is manifested by respiratory sign
with acute to chronic forms. The symptoms may become
evident with pyrexia followed by coughing along with
nasal discharges (Radostitis ez al., 2009; OIE, 2014). In
addition to the respiratory infections, Mycoplasma can
spread to the other organs causing arthritis, mastitis, ocular
lesions and reproductive disorders (Bergonier ef al., 1997;
Kumar et al., 2013; Semmate et al., 2022). Further, the
respiratory infections caused by the Mycoplasma species
can pave the way for other microbes including bacterial
and viral pathogens which further can complicate the
disease and leads an animal to the death (Chu ef al., 2011;
Kgotlele et al., 2019).

Recent development in the molecular diagnostic
tools are of great importance due to several advantages
over traditional tools. The formerly used culture-
based techniques require a long procedural time due to
complexity and slow growth of Mycoplasma species
which results in the delay in diagnosis and treatment of
the disease (Nicholas ez al., 2008). While, the serological
tests widely used for the diagnosis of mycoplasmas are
rapid but mostly avoided because of cross reactivity due to
similarity among Mycoplasma species that again restrict the
use of such techniques when species specific identification
is required (Thiaucourt et al., 1994; Nicholas and Baker,
1998; Al-Harthi ef al., 2018). The PCR based molecular
tools can provide a more precise and sensitive detection
and identification of specific Mycoplasma species infecting
animals. Up to date, these molecular tools remained
rapid and robust method for species specific detection

of Mycoplasma which further can provide the basis for
treatment and prevention of infections (Dominique ef al.,
2004; Halium et al., 2019; Semmate et al., 2022).
Livestock population in Pakistan is always dominated
by goat population with currently almost 82.5 million
heads are being domesticated in the country (GOP, 2022).
Despite the huge investment and employment opportunities
created, the goat production system is still facing several
constraints particularly lack of vaccination and treatment
against commonly prevalent diseases. Keeping in mind,
the present study aimed to determine the prevalence
and molecular characterization of Mycoplasma species
infecting goats from Sindh Pakistan which can help in
generating baseline data for prevention of the disease.

MATERIALS AND METHODS

Study area

The study area targeted during to sample collection
comprised four different districts of Sindh Province
including Thatta, Tharparkar, Jamshoro and Larkana.
Geographically these area are located between 27.8514 to
24.4498° N latitude and 68.2944 to 70.5315° E longitude
(Fig. 1). The areas were selected as representative zones
of the province having humid to dry, warm to moderate
cool, and with rainfall fall during summer months. These
areas comprises various agro-climatic zones and are rich
in goat population with nomadic behavior also observed
during dry seasons.
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Fig. 1. Geographic distribution of the sampling sites for the
detection of contagious caprine pleuropneumonia (CCPP)
in goats from different zones of Sindh province of Pakistan.
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Animals and samples collection

A total of eight hundred (800) mix breed goats (6
months to 4 years) from different goat farms located in
different zones of Sindh province of Pakistan (Thatta,
Tharparkar, Jamshoro and Larkana) were examined and
random nasal samples were collected during the period
from September 2018-April 2019. During the sampling,
clinical signs of the disease were also observed for further
characterization of the clinical disease. The nasal swabs
were collected using sterile swabs in duplicate. The swabs
used for culture and isolation of organism were transported
to the laboratory in PPLO broth (Oxoid Limited, UK).
While, swabs used for DNA extraction were transported in
ice box in order to avoid deterioration.

Phenotypic characterization of Mycoplasma

For isolation and phenotypic characterization of
Mycoplasma, the nasal swabs inoculated PPLO broth
(supplemented with 0.5% glucose, 0.5g/L thallium
acetate, 0.9g/L yeast extract, 0.03% penicillin G and 20%
inactivated horse serum) was filtered through 0.22 uM pore
size. Afterwards, the filtered broth was inoculated initially
in PPLO broth and cultured at 37 °C for 3—7 days followed
by streaking on PPLO agar medium and incubated at 37 °C
for 14 days in a humidified incubator supplemented with
5% CO,. The positive colonies were identified through the
typical “fried egg” colonies in the specified time. Further,
the growth inhibition test was employed using the protocol
described by OIE (2008) and Hernandez et al.-(2006) to
differentiate the Mycoplasma with other related organisms.
Briefly, the tenfold dilutions of the bacterial culture in the
broth were prepared. Each dilution of culture was spread
on the Mycoplasma agar plates: After even spreading, the
excessive material was removed. The plates were incubated
at 30° C for 50 min for drying. Disks impregnated with
polyclonal rabbit anti-sera against Mycoplasma mycoides
subsp. capri (VPU, Central Veterinary Diagnosis
Laboratory, Tandojam) were carefully placed on the agar
plates. The plates were incubated at 37° C for 2-6 days. The
zones of inhibition were recorded.

Genomic DNA extraction

The genomic DNA from the nasal swabs/bacterial
pellet was collected through phenol-chloroform method
(Sambrook and Russell, 2006). Briefly, the swabs/pellet
was taken into a fresh 1.5 ml Eppendorf tube and mixed
with 200 pl of lysis buffer (10 mM NaCl, 20 mM Tris-
HCL (pH:8.0), ImM EDTA, 1% SDS) through vertexing
followed by the addition of 50 pg of proteinase K. The
samples were then incubated at 56°C for overnight.
Afterwards, 500 pl of a solution of phenol-chloroform-
isoamyl alcohol (25:24:1) was added, vortexed and

centrifuged at 12000 rpm for 10 min. After centrifugation,
clear supernatants were carefully collected and transferred
to a new tube. The DNA precipitation was performed
using 40 pl of 3 M sodium acetate (pH 5.0) and 0.8 ml
ethanol through incubating samples at -80°C for 1 h. Then
samples were centrifuged and supernatant was discarded
and washed once with 1 ml each of 100% ethanol and
then by 75% ethanol. The supernatants were discarded
and pellets were air dried. Finally, 100 ul of TE buffer was
added to dissolve pellet and then the extracted DNA was
stored at -20°C until further use.

Polymerase chain reaction (PCR)

The PCR amplification was carried out using the
extracted gDNA to accurately identify the Mycoplasma
species. The reaction was set up with a total volume
of 50 uL containing 25 pL 2x Absolute Master Mix
(MOLEQULE-ON®, New Zealand), 1 pL (10 pmol/uL)
of each primer, 2 uL (50 ng/uL) DNA with the remaining
volume adjusted with double distilled water (ddH,O). The
PCR reaction. was carried out using the primers Mm-F:
5'-CGAAAGCGGCTTACTGGCTTGTT-3' along with
Mm-R: 5-TTGAGATTAGCTCCCCTTCACAG-3' (Hotzel
etal., 1996), MM450: 5'-GTATTTTCCTTTCTAATTTG-3'
along with MM451: 5'-AAATCAAATTAATAAGTTTG-3’
(Bashiruddin et al., 1994) in a thermal cycler (2720
Thermal Cycler, Applied Biosystems, USA). The reaction
was performed with an initial denaturation at 94°C for 3
min, followed by 45 cycles of denaturation (94°C) for 30
sec, annealing (54°C and 58°C, respectively) for 30 sec,
extension (72°C) for 45 sec and a final extension step at
72°C for 10 min. The PCR products were separated on
1.5% agarose gel and visualized under UV light in a gel
documentation system.

Sequencing and phylogenetic analysis

The PCR products were further sequenced by Bionics
Pvt. Imt. through Sanger dideoxy sequencing technology.
The obtained DNA sequences were searched on National
Center for Biotechnology Information (NCBI) database
by using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
tool for comparison and identification of each species.
Further, the sequences were analyzed by using Chromas
Lite version 2.0 (http://www.technelysium.com.au).
The genomic sequences of target genes from different
Mycoplasma species were retrieved from NCBI database
for comparison and alignments using Clustal W (http://
www.clustalw.genome.jp). The sequence homology was
searched used sequence identity and similarity (SIAS) tool
(http://imed.med.ucm.es/Tools/sias.html).  Phylogenetic
tree was constructed for the gene sequences of Mycoplasma
species through Neighbor-joining (NJ) analyses with
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10000 bootstraps using MEGA 6 (Tamura ef al., 2013).

Data submission

The DNA sequences obtained from the field isolates
were submitted to the GenBank sequence database of
NCBI for assigning the accession numbers.

RESULTS

Prevalence of Mycoplasma species in goats

Atotal of 800 randomly collected nasal samples during
the study period were subjected to the bacteriological
examination for confirmation of the Mycoplasma
infection. Initially, the nasal samples were inoculated into
Mycoplasma specific PPLO broth and subsequently after
observing the bacterial growth, the broth were filtered
through 0.22 uM pore size filter in order to achieve purity in
the samples through filtering large sized bacteria. Further,
the filtered media were streaked on PPLO agar plates. The
growth of the Mycoplasma was observed and differentiated
through typical “fried egg” with an average colony
diameter of 0.1-0.5 mm on day 14 (Fig. 2). For further
confirmation of the presence of Mycoplasma infection,
the growth inhibition test was employed on all samples
which shows any growth on PPLO media. Consideringthe
typical fried egg colonies and growth inhibition test; a total
of 48 nasal samples out of 800 were found positive for the
presence of either species of Mycoplasma which indicates
6.0% prevalence in the study area. Furthermore, the data
regarding the prevalence of Mycoplasma among positive
samples indicates that the higher prevalence was recorded
in Tharparker district (35%) followed by Thatta (27%),
Jamshoro (21%) and Larkana (17%) (Fig. 3, Table I).

Fig. 2. Typical fried egg colonies of Mycoplasma on PPLO
agar on 7" day of incubation.
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Fig. 3. The prevalence of Mycoplasma infection in goats
among different districts of Sindh Pakistan.

Table I.. The prevalence of Mycoplasma infection in
goats from different districts of Sindh Pakistan.

Risk factors Districts
Thatta Tharparkar Jamshoro Larkana
Sex
Male 4.16% 8.33% 4.16% 2.08%
Female 2291% 27.08% 16.66% 14.58%
Age
<1 year 4.16% 6.25% 4.16% 2.08%
1-2 year 10.41% 12.50% 6.25% 8.33%
>2 year 12.50% 16.66% 10.41% 6.25%
Breeds
Teddy 8.33% 8.33% 4.16% 2.08%
Tapri 12.50% 16.66% 6.25% 6.25%
Pateri 4.16% 6.25% 4.16% 4.16%
Kamori 2.08% 4.16% 6.25% 4.16%
Molecular detection of isolated Mycoplasma
Following the traditional techniques based

identification, all the positive samples were subjected to
the PCR amplification for molecular identification using
different sets of primers targeting Mycoplasma species.
The results shows that PCR successfully amplified the
target fragments in all isolated samples with two sets of
primers (Fig. 4). During the PCR, initially the universal
sets of primers targeting all Mycoplasma species were
used for confirmation of the presence of either species
of Mycoplasma. The data indicates that the primer pair
targeting 30S ribosomal protein S7 gene successfully
amplified a 574 bp fragment from 31 out of 48 samples
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while the primer pair targeting 16S rRNA gene found samples which makes more complicated the identification
amplifying 548 bp fragment in 17 out of 48 samples. While, of specific Mycoplasma species involved in the infection
unfortunately no any species specific primer amplified any (data not shown).
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Fig. 4. Multiple alignment of 30S ribosomal protein S7 gene of Mycoplasma species. The conserved residues are specified in black.
The GenBank accession number indicates reflects as: OP352532 (M. mycoides subsp. capri strain GM12 (This study)), LS483519
(M. mycoides subsp. capri strain GM12), CP011264 (M. mycoides subsp. mycoides strain Ben468), FQ377874 (M. mycoides
subsp. capri LC str. 95010), CP002107 (M. mycoides subsp. mycoides SC str. Gladysdale MU), CP065581 (M. mycoides subsp.
capri strain PG3), LR739237 (M. feriruminatoris 14/0OD_0492), CP003513 (M. gallisepticumn NC08 2008.031-4-3P), CP010546
(M. pneumoniae FH), CP041711 (M. capricolum subsp. capripneumoniae strain AMRC-C758), CP041712 (M. capricolum subsp.
capripneumoniae strain 033C1), CP000123 (M. capricolum subsp. capricolum ATCC 27343), FR668087 (M. leachii 99/014/6).
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Fig. 5. Multiple alignment of 16S rRNA gene of isolated Mycoplasma capricolum and field strains of other related species
of Mycoplasma genus. The conserved residues are specified in black. The GenBank accession number indicates reflects as:
OP243453(M. capricolum subsp.capripneumoniae (This study)), OP243454 (M. capricolum subsp. capripneumoniae (This study)),
CP041711 (M. capricolum subsp. capripneumoniae strain AMRC-C758), AF202927 (M. capricolum subsp. capripneumoniae),
CP041712 (M. capricolum subsp. capripneumoniae strain 033C1), EF373061 (M. capricolum subsp. capripneumoniae strain
TRO1), CP065584 (M. mycoides subsp. capri strain 7730), HQ661812 (M. mycoides subsp. capri LC strain 37), MK192268 (M.
mycoides subsp. mycoides isolate SC), BX293980 (M. mycoides subsp. mycoides SC strain PG1), MK 692953 (M. mycoides subsp.
mycoides isolate PAK/C354), MK692954 (M. mycoides subsp. mycoides isolate PAK/C499), FR668087 (M. leachii 99/014/6),
LR739236 (M. feriruminatoris 14/OD 0535), CP001872 (M. gallisepticum), CP039761 (M. pneumoniae strain 16-734).



Mpycoplasmosis in Small Ruminants 7

Sequence analysis

To further confirm the species involved in the
infection in study area, the amplified fragments were
further sequenced for DNA based identification. The
obtained sequences shows that all the samples amplified
using primer set targeting 30S ribosomal protein S7 gene
resulted in the yield of identical sequences belonging to
the M. mycoides subsp. capri (Fig. 4), while the primer
set targeting 16S rRNA gene resulted in the two highly
similar sequences belonging to M. capricolum subsp.
capripneumoniae (Fig. 5). Due to identical sequences, one
representative sequence from M. mycoides and two from
M. capricolum were deposited in the GenBank of National
Center for Biotechnology Information (NCBI) with the
accession numbers; OP352532 (M. mycoides), OP243453
and OP243454 (M. capricolum).

The sequences obtained from the current study
were aligned with the sequences of other isolates of
Mycoplasma for comparisons. The multiple alignment of
sequences shows that all the obtained sequences possess
high sequence similarity with the strains isolated from

different parts of the world (Figs. 4, 5). Further, the
sequence similarity and identity analysis indicate that both
the species identified in the current study found to have
high nucleotide sequence similarity with M. mycoides
and M. capricolum isolated from different sources and
regions of the world. M. mycoides shows a high sequence
similarity with the M. mycoides subsp. capri strain GM12
originally isolated from nasal samples of goat from Turkey
and Switzerland (Table II). However, M. capricolum
showed a high sequence similarity with M. capricolum
subsp. capripneumoniae strain 033Cl1 isolated from lung
samples of goat also from Turkey (Table III).

Phylogenetic tree analysis

The phylogenetic analysis indicate that the isolates
belonging to the M. mycoides were sub-clustered in the
same clade as with the isolates from M. mycoides subsp.
capri isolated from nasal discharges of the goat (Fig. 6A).
While, the isolates from the M. capricolum were clustered
along with the isolates from M. capricolum subsp.
capripneumoniae (Fig. 6B).

Table II. Sequence identity percentage of the 30S ribosomal protein S7 gene of isolated Mycoplasma mycoides as
compared to the reference and field strains of other related species.

1 2 3 5 6 7 8 9 10 11 12 13
OP352532-M. mycoides subsp. capri 1 100.0
strain GM12 (This study)
LS483519-M. mycoides subsp. capri strain 2 100.0100.0
GM12
CP065581-M. mycoides subsp. capri 3 .100.0 100.0 100.0
strain PG3
FQ377874-M. mycoides subsp. capriLC~ 4 99.8 99.8 99.8 100.0
str. 95010

CP011264-M. mycoides subsp. mycoides 5
strain Ben468

CP002107-M. mycoides subsp. mycoides 6
SC str. Gladysdale MU

CP041712-M. capricolum subsp. 7
capripneumoniae strain 033C1
CP041711-M. capricolum subsp. 8
capripneumoniae strain AMRC-C758
CP000123-M. capricolum subsp. 9
capricolum ATCC 27343

FR668087-M. leachii 99/014/6 10
LR739237-M. feriruminatoris 14/ 11
OD_0492

CP003513-M. gallisepticum 12

NC08_2008.031-4-3P
CP010546-M. pneumoniae FH 13

99.3 993 993 99.1 100.0

99.3 993 99.3 99.1 100.0 100.0

96.3 963 96.3 96.5 963 96.3 100.0

963 96.3 96.3 965 96.3 96.3 100.0 100.0

963 96.3 963 965 96.3 963 99.7 99.7 100.0

96.0
96.9

96.0
96.9

97.9
95.1

97.9
95.1

97.6
95.1

100.0
95.1 100.0

96.0
97.6

96.0
97.6

96.0
97.6

96.2
97.7

671 67.1 671 671 66.7 66.7 66.6 66.6 66.4 66.6 66.7 100.0

573 573 573 575 578 578 57.8 578 578 573 58.0 60.5 100.0
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Table III. Sequence Identity percentage of the 7165 rRNA gene of isolated Mycoplasma capricolum as compared to

the reference and field strains of other related species.

Organism 1

2

3

4 5 6 7 8 9 10 11 12 13 14 15

OP243453-M. capricolum subsp. capripneumoniae 1 100
(This study)

OP243454-M. capricolum subsp. capripneumoniae 2
(This study)

CP041712-M. capricolum subsp. capripneumoniae 3
strain 033C1

EF373061-M. capricolum subsp. capripneumoniae 4
strain TRO1

CP041711-M. capricolum subsp. capripneumoniae 5
strain AMRC-C758

AF202927-M. capricolum subsp. capripneumoniae 6
MK692954-M. mycoides subsp. mycoides isolate 7
PAK/C499

MK692953-M. mycoides subsp. mycoides isolate 8
PAK/C354

CP065584.M. mycoides subsp. capri strain 7730 9
HQ661812-M. mycoides subsp. capri LC strain 37
BX293980-M. mycoides subsp. mycoides SC strain
PGl

LR739236-M. feriruminatoris 14/0D 0535
FR668087-M. leachii 99/014/6

CP001872-M. gallisepticum
CP039761-M.pneumoniae strain 16-734

99.6 100

99.5 99.1 100

99.5 99.1 100 100

99.5 99.1 100 100 100

99.3 98.9 99.8 99.8 99.8 100
99.1 98.7 99.6 99.6 99.6 99.5 100

99.1 98.7 99.6 99.6 99.6 99.5.99.6 100

99.1 98.7 99.6 99.6 99.6 99.5 99.6 99.6 100
10 93.2 92.9 93.8 93.5.93.8 93.6 93.8 93.8 94.2 100
11 98.7 98.4 99.3 99.3'99.3 99.1 99.3 99.3 99.6 93.8 100

12 98.7 98.4 99.399.3 99.3 99.1 99.3 99.6 99.6 93.8 99.3 100

13 97.6 97.3198:2 98.2 98.2 98 98.2 98.2 98.5 93.1 98.2 98.2 100

14 240 24324 24 24 24 24 23.624 24 243 23.6243 100
15°22.823.222.522.522.522.522522.122.522522822.122.8 89.1 100

B

——

Fig. 6. Phylogenetic and molecular evolutionary analysis
of 30S ribosomal protein S7 gene (574 bp) (A) and the
16S rRNA gene of Mycoplasma species (548 bp) (B)
conducted using Neighbor-joining (NJ) analyses with
10000 bootstraps using MEGA 6 software. The marked
sequences along with related sequences with accession
numbers are indicated to infer an evolutionary relationship
among different isolates.

DISCUSSION

CCPP is a multifactorial disease of the goats that can
cause acute disease and mortality especially in kids which
results in economic losses in goat industry (Nicolas ef al.,
2008; OIE, 2014). The highly contagious nature, chronic
and persistent nature of infection and high resistance to
antibiotics make this pathogen more successful in causing
outbreaks in the host animals (Thiaucourt et al., 1996;
Wesonga et al., 2004; Lignereux et al., 2018). Among the
goat diseases, CCPP has a long history of affecting goats
throughout the Pakistan with outbreaks in each season
thus leading to the severe consequences for the farmers
(Rahman et al., 2006; Awan et al., 2009; Sadique et al.,
2012; Banaras et al., 2016). Due to lack of available data
regarding the genetic diversity of Mycoplasma species
infecting goats, the current study was designed to explore
the species diversity infecting goats in different zones of
southeastern province of Pakistan.

During the study, out of 800 randomly collected
samples from different districts, only 48 (6%) samples
showed growth on PPLO culture media which were further
confirmed as either species of Mycoplasma through growth
inhibition test and typical fried egg colonies observed on
day 7" post incubation. These typical characteristics of the
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colonies on the similar time duration was also observed
by several researchers with the identical colony shape
observed for M. mycoides subsp. capri, M. capricolum
subsp. capripneumoniae, M. putrefaciens (Houshaymi et
al., 2002; Wang et al., 2014; Kabir and Bari, 2015). The
lower prevalence rate may be attributed due to random
sampling where most of the animals were apparently
healthy with no clinical signs. Similarly, another study
in cattle from Nigeria also showed 6.27% infection rate
of Mycoplasma mycoides small colony (Nwankpa et al.,
2008).

During the data analysis, it was found that the highest
infection rate was observed in Tharparker and Thatta
districts which are supported by the statements from the
previous researchers that harsh weather and nomadic
nature in these areas may contribute to the persistence of
the infection (Mekuria ef al., 2008; Shahzad et al., 2012).

Despite the limitations, still culture-based techniques
including colony morphology analysis, several biochemical
tests are widely used for the identification of Mycoplasma
species (OIE, 2004; Adehan et al., 2006). However,
arriving at the conclusion that which specific species is
responsible for the infection in an area, it is imperative
to determine the accurate species level identification in
order to properly treat the infection or vaccination against
prevalent species.

Due to sophisticated nature and low sensitivity of
the serological tests used for the detection of Mycoplasma
species in the nasal secretions with cross reactivity makes
more difficult to diagnose the infection caused by different
species (Samiullah, 2013). The development of DNA based
detection of Mycoplasma infection by PCR is used as an
accurate and feasible tool for monitoring the infection in
goats (Abraham et al., 2015).

In the current study, the culture positive samples
were further subjected to the PCR based molecular
identification of individual species prevalent in the study
area. Herein, all the cultured samples were confirmed
by PCR using universal primer sets targeting different
genes. The data revealed that only two universal primers
targeting 30S ribosomal protein S7 gene and 16S rRNA
gene successfully amplified target fragments. Using the
universal sets of primers specified for Mycoplasma genus,
a total of 31 samples found positive for one primer pair
yielding 574 bp fragment targeting 30S ribosomal protein
S7 gene, while the 17 samples were successfully amplified
through another primer pair yielding a band of 548 bp
through targeted amplification of 16S rRNA gene. The
sequence analysis revealed that all the samples amplified
through the targeted amplification of 30S ribosomal protein
S7 gene are of M. mycoides subsp. capri, while the primer
set targeting 16S rRNA gene belong to M. capricolum

subsp. capripneumoniae. Interestingly, both of the primer
pairs are genus specific but the results indicated that these
primers amplified only targeted species. The data showed
a higher abundance of M. mycoides in goats from the
study area. However, the findings of the some researchers
confirmed through PCR based identification in the country
indicates a higher prevalence rate (20.59%) of Mycoplasma
in different zones of Khyber Pakhtunkhwa (Shah et al.,
2016). While, the molecular detection of infection in
goats from Balochistan indicates almost similar pattern of
prevalence (maximum of 9%) in different districts of the
province (Awan et al., 2012; Ejaz et al., 2015). Moreover,
another study focusing on different districts of Punjab
and Khyber Pakhtunkhwa provinces reported only 2%
infection rate through PCR based confirmation with the
goats being infected by M. mycoides subsp. capri (Shahzad
et al., 2012). Furthermore, the similar study focusing
on molecular diagnosis-of mycoplasmosis in goats from
Gilgit-Baltistan ~and- Khyber Pakhtunkhwa provinces
indicates 8% prevalence rate (Ahmed ef al., 2021). In
contrast to the present study, previous reports indicates
the prevalence of M. putrefaciens in Khyber Pakhtunkhwa
and Balochistan provinces which was although very low
(=~1-8%) but at least shown a presence of infection in
the country (Awan et al., 2012; Ejaz et al., 2015; Shah
et al., 2017). The variation in the prevalence rate may be
attributed to the different geographic locations, climatic
conditions, sampling seasons, breeds and husbandry
practices.

Further, the molecular analysis based on sequence
similarity showed 99% similarity of identified Mycoplasma
mycoides with different strains of M. mycoides isolated from
different regions of the world, while M. capricolum shares
almost 96% similarity with the identified M. mycoides
isolates. However, /6S rRNA gene sequences amplified
from the M. capricolum from the present study showed a
highest similarity (99%) among both Mycoplasma species
infecting goats. This may be due higher sequence identity
of the target gene amplified.

Although, lack of available data regarding DNA
sequences obtained from different regions of the country,
this is rather difficult to infer an evolutionary relationship
among isolates from different vicinities. However, the
obtained sequences from Mycoplasma mycoides showed
a close relationship with the isolates from Turkey and
Switzerland (accession no. LS483519, CP065581 and
CP041712). In addition, M. capricolum isolates obtained
during the current study showed a close relationship
with the M. mycoides (accession no. MK692953 and
MK692953) isolated of from the Punjab province as
these are clustered in the same clade (Anjum et al., 2020).
These data indicates that both of these species might
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be originated from the same species and geographical
location. However, this may be confirmed through the
availability of more sequences from different geographical
origins. The PCR based assay followed by sequencing
made more precise identification of different strains of a
variety of Mycoplasma species which will further add in
the development of vaccine against commonly prevalent
species.

In addition, the goats in the study area are usually kept
in open entities with grazing in different pastures which
further predispose them to the infection due to interaction
with different herds during grazing. Further, the nomadic
nature of the farmers and animal trade play a key role in
the maintenance and spread of the infection in the endemic
area. Such type of findings are also observed by different
researchers that the husbandry practices play a key role in
the transmission of the infection among herds (Mekuria et
al., 2018; Sadique ef al., 2012).

Up to date, there is only one vaccine against M.
mycoides subsp. capri is available in Pakistan which
maybe the reason of failure to protect infection as the
other members of the group may cause infection (Sadique
et al.,2012). This was also confirmed by sequencing of the
organism from the killed vaccine available in the province.

CONCLUSION

Taken together, data revealed that CCPP is an
endemic disease of goats in the Sindh Province. The
disease in the studied population is caused by two species
namely M. mycoides subsp. capri and M. capricolum
subsp. capripneumoniae. The results indicate that there
are multiple genotypes and species associated with this
disease in the study areas as well as in the country which
may vary depending on region as well as other risk factors
such as husbandry practices or environmental conditions
which can influence its spread or severity within an area
or population group.

DECLARATIONS

Acknowledgement

We are highly thankful to the Dr. M. Bachal Bhutto
Chairman Department of Veterinary Parasitology for
facilitating the research work in the Molecular Biology
Laboratory. We are also grateful of the staff at Vaccine
Production Unit Tandojam for providing assistant in
Mycoplasma culture.

Funding
The study received no external funding.

Ethical statement and IRB approval

All the experiments conducted were pre-approved
through Ethical Committee of Directorate of Advanced
Studies, Sindh Agriculture University Tandojam, Pakistan
through letter no. DAS/1884/0f 2021 dated: 18-06-2021.

Data availability

The datasets generated and submitted during the
current study are included in this published article. While,
the raw data can be made available by the authors upon
request.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Abraham, S.S; Asha, T., Julie, B., Prathiush, P.,
Nandakumar, S. and Prasad, P., 2015. Pathological
and “molecular characterization of contagious
caprine - pleuropneumonia (CCPP) outbreak in
Kerala. Indian J. Vet. Pathol., 39:121.

Adehan, RK., Ajuwape, A.T.P., Adetosoye, A.L
and Alaka, 0.0., 2006. Characterization of
Mycoplasmas isolated from pneumonic lungs
of sheep and goats. Small Rum. Res., 63: 44-49.
https://doi.org/10.1016/j.smallrumres.2005.01.014

Ahmad, F., Khan, H., Khan, F.A., Carson, B.D.,
Sadique, U., Ahmad, 1., Saced, M., Rehman,
F.U. and Rehman, H.U., 2021. The first isolation
and molecular characterization of Mycoplasma
capricolum subsp. capripneumoniae Pakistan
strain: A causative agent of contagious caprine
pleuropneumonia. J.  Microbiol.  Immunol.
Infect., 54: 710-717. https://doi.org/10.1016/j.
jmii.2020.06.002

Al-Harthi, S.M., Al-Mazrou, A.M., Al-Mazrou, A.M.
and Al-Ghamdi, S.A., 2018. Cross-reactivity of
Mycoplasma species in serological diagnosis
of bovine respiratory disease complex in Saudi
Arabia. Vet. World, 11: 1245-1250.

Anjum, A., Usman, S., Aslam, A., Faiz, M., Usman,
S., Imran, M.S., Hussain, 1., Usman, M., Badar,
S., Igbal, M.Z., Dar, A. and Haq, HM.A., 2020.
Prevalence and molecular detection of contagious
bovine pleuropneumonia in large ruminants in
Punjab, Pakistan. Trop. Biomed., 37: 273-281.

Awan, M.A., Abbas, F., Nicholas, R., Babar, S.,
Ayling, R.D., Attique, A.M. and Ahmed, Z., 2009.
Prevalence of Mycoplasma capricolum subsp.
capricolum and Mycoplasma putrefaciens in goats
in Pishin district of Balochistan. Pak. Vet. J., 29:


https://doi.org/10.1016/j.smallrumres.2005.01.014
https://doi.org/10.1016/j.jmii.2020.06.002
https://doi.org/10.1016/j.jmii.2020.06.002

Mycoplasmosis in Small Ruminants 11

179-185.

Awan, M.A., Ferhat, A., Masoom, Y.Z., Mohammad,
M.T., Masroor, A.B., Mohammad, A.A., Zafar, A.,
Nadeem, R., Majed, R. and Mohammad, S., 2012.
Prevalence of Mycoplasma species by polymerase
chain reaction (PCR) directly from the nasal swab
samples of goats. Pak. J. Life Soc. Sci., 10: 5-12.

Ayling, D. and Nicholas, J., 2007. Mycoplasma
respiratory infections. In: Diseases of sheep,
fourth edition (ed. 1D. Aitken). Blackwell
Publishing, Moredun, pp. 231-235. https://doi.
org/10.1002/9780470753316.ch33

Banaras, F., Abbas, F., Awan, M.A., Riaz, M. and Khan,
LLA., 2016. Molecular survey on the prevalence of
caprine Mycoplasma in the goats of Quetta city of
Pakistan. Int. J. Vet. Sci., 5: 158-63.

Bashiruddin, J.B., Taylor, T.K. and Gould, A.R., 1994.
A PCR-based test for the specific identification
of Mycoplasma mycoides subspecies mycoides
SC. J. Vet. Diagn. Invest., 6: 428-434. https://doi.
org/10.1177/104063879400600405

Bergonier, D., Berthelot, X., Poumarat, F., 1997.
Contagious agalactia of small ruminants: Current
knowledge concerning epidemiology, diagnosis
and control. OIE Rev. Sci. Tech., 16: 848-873.
https://doi.org/10.20506/rst.16.3.1062

Chu, Y., Yan, X., Gao, P.,, Zhao, P., He, Y., Liu, J.
and Lu, Z.P, 2011. Molecular detection of a
mixed infection of Goatpox virus, Orf virus, and
Mycoplasma capricolum subsp. capripneumoniae
in goats. J. Vet. Diagn. Invest., 23: 786-789. https://
doi.org/10.1177/1040638711407883

Cottew, G.S., Breard, A., DaMassa, A.J., Emo, H.,
Leach, R.H., Lefevre, P.C., Rodwell, AW,
Smith, G.R., 1987. Taxonomy of the Mycoplasma
mycoides cluster. Isr. J. med. Sci., 23: 632—635.

DaMassa, A.J., Wakenell, P.S. and Brooks, D.L.,
1997. Mycoplasmas of goats and sheep. J.
Vet. Diagn. Invest, 4: 101-113. https://doi.
org/10.1177/104063879200400126

Dominique, L.E., Estelle, G., Blond, D., Solsona,
M. and Poumarat, F., 2004. Assessment of PCR
for routine identification of spp of Mycoplasma
mycoides cluster in ruminant. Vet. Res., 35: 635-
649. https://doi.org/10.1051/vetres:2004037

Ejaz, H., Hashmi, H., Awan, M.A., Kakar, M.A.,
Shahwani, M.N., Ameen, S., Bukhari, F.A.,
Hameed, T. and Tariq, M.M., 2015. Molecular
study on the prevalence of respiratory Mycoplasma
species in small ruminants of Kuchlak, district
Quetta and Khanozai, district Pishin, Balochistan,
Pakistan J. Zool., 47: 473-478.

Fischer, A., Shapiro, B., Muriuki, C., Heller, M., Schnee,
C., Bongcam-Rudloff, E., Vilei, E.M., Frey, J. and
Jores, J., 2012. The origin of the ‘Mycoplasma
mycoides cluster’ coincides with domestication
of ruminants. PLoS One, 7: €36150. https://doi.
org/10.1371/journal.pone.0036150

Government of Pakistan (GOP), 2022. Pakistan
Economic Survey 2021-22. Ministry of Finance,
Government of Pakistan, 35.

Halium, M.M.A., Salib, F.A., Marouf, S.A. and
Massieh, E.S.A., 2019. Isolation and molecular
characterization of Mycoplasma spp. in sheep and
goats in Egypt. Vet. World, 12: 664-670. https://doi.
org/10.14202/vetworld.2019.664-670

Hernandez, L., Lopez, J., St-Jacques, M., Ontiveros,
L., Acosta, J. and Handel, K., 2006. Mycoplasma
mycoides subsp. capri associated with goat
respiratory disease and high flock mortality. Can.
Vet. J., 47: 366-369.

Hotzel, H., Sachse, K. and Pfutzner, H., 1996. A PCR
scheme for differentiation of organisms belonging to
the Mycoplasma mycoides cluster. Vet. Microbiol.,
49: 31-43. https://doi.org/10.1016/0378-
1135(95)00176-X

Houshaymi, B., Tekleghiorghis, T., Worth, D.R., Miles,
R.J. and Nicholas, R., 2022. Studies on strains of
Mycoplasma capricolum subsp. capripneumoniae
isolated from outbreaks of contagious caprine
pleuropneumonia in Eritrea. Small Rum. Res.
45:  139-143.  https://doi.org/10.1016/S0921-
4488(02)00093-7

Kabir, M.H. and Bari, A.S., 2015. Isolation and
identification of Mycoplasma from respiratory
system of goat. Microb. Res. Int., 3: 20-26.

Kgotlele, T., Chota, A., Chubwa, C.C., Nyasebwa, O.,
Lyimo, B., Torsson, E., Karimuribo, E., Kasanga,
C.J., Wensman, J., Misinzo, G., Shirima, G. and
Kusiluka, L., 2018. Detection of peste des petits
ruminants and concurrent secondary diseases in
sheep and goats in Ngorongoro district, Tanzania.
Comp. clin. Pathol., 28: 755-759. https://doi.
org/10.1007/s00580-018-2848-5

Kumar, V., Rajneesh, R., Somya, M. and Pramod,
K.R., 2013. Isolation and characterization of
Mycoplasma mycoides subspecies capri from milk
of natural goat mastitis cases. ISRN Vet. Sci., pp.
593029. https://doi.org/10.1155/2013/593029

Lignereux, L., Chaber, A., Saegerman, C., Manso-
Silvan, L., Peyraud, A., Apolloni, A. and
Thiaucourt, F., 2018. Unexpected field observations
and transmission dynamics of contagious caprine
pleuropneumonia in a sand gazelle herd. Prev.


https://doi.org/10.1002/9780470753316.ch33
https://doi.org/10.1002/9780470753316.ch33
https://doi.org/10.1177/104063879400600405
https://doi.org/10.1177/104063879400600405
https://doi.org/10.20506/rst.16.3.1062
https://doi.org/10.1177/1040638711407883
https://doi.org/10.1177/1040638711407883
https://doi.org/10.1177/104063879200400126
https://doi.org/10.1177/104063879200400126
https://doi.org/10.1051/vetres:2004037
https://doi.org/10.1371/journal.pone.0036150
https://doi.org/10.1371/journal.pone.0036150
https://doi.org/10.14202/vetworld.2019.664-670
https://doi.org/10.14202/vetworld.2019.664-670
https://doi.org/10.1016/0378-1135(95)00176-X
https://doi.org/10.1016/0378-1135(95)00176-X
https://doi.org/10.1016/S0921-4488(02)00093-7
https://doi.org/10.1016/S0921-4488(02)00093-7
https://doi.org/10.1007/s00580-018-2848-5
https://doi.org/10.1007/s00580-018-2848-5
https://doi.org/10.1155/2013/593029

12 G.M. Solongi et al.

Vet. Med., 157: 70-77. https://doi.org/10.1016/j.
prevetmed.2018.06.002

Manso-Silvan, L., Perrier, X. and Thiaucourt, F., 2007.
Phylogeny of the Mycoplasma mycoides cluster
based on analysis of five conserved protein-coding
sequences: Consequences in taxonomy. Int. J.
Syst. Evol. Microbiol., 57: 2247-2258. https://doi.
org/10.1099/ijs.0.64918-0

Mekuria, S., Zerihun, A., Gebre-Egziabher, B. and
Tibbo, M., 2008. Participatory investigation of
contagious caprine pleuropneumonia (CCPP) in
goats in the Hammer and Benna-Tsemay districts
of Southern Ethiopia. Trop. Anim. Hith. Prod.,
40: 571-582. https://doi.org/10.1007/s11250-008-
9136-3

Nicholas, R., Ayling, R. and McAuliffe, L., 2008.
Respiratory diseases of small ruminants. In:
Mycoplasma diseases of ruminants. 1% ed. CABI
International, Oxfordshire, UK, pp. 169-198.
https://doi.org/10.1079/9780851990125.0169

Nicholas, R.A.J. and Baker, S.E., 1998. Recovery
of mycoplasmas from animals. Mycoplasma
protocols. Methods Mol. Biol., 104: 37—44. https://
doi.org/10.1385/0-89603-525-5:37

Nwankpa, N.D., Nwanta, D.R. and Umoh, J.U., 2008.
Serological and molecular studies of Mycoplasma
mycoides mycoides small colony in Northern
Nigeria; Epidemiology of Contagious Bovine
pleuropneumonia (CBPP) in Northern- states of
Nigeria. An update; 1992. PhD Thesis. Department
of Veterinary Pathology and  Microbiology,
University of Nigeria Nsukka, Nsukka, Nigeria.

OIE, 2004. Manual of diagnostic tests and vaccines
for terrestrial amimals. Office international des
epizooties, 1-22. pp. 17-20.

OIE, 2008. Contagious caprine pleuropneumonia in
terrestrial manual. pp. 1000-1012.

OIE, 2009. Contagious caprine pleuropneumonia. In:
Terrestrial animal health code. World organization
for animal health, Paris. pp. 690.

OIE, 2014. World organization for animal health
contagious caprine pleuropneumonia. In: Manual
of diagnostic tests and vaccines for terrestrial
animals.

Quinn, P.J., Markey, B.K., Carter, M.E., Donnelly, W.J.
and Leonard, F.C., 2002. Mycoplasmas veterinary
microbiology and microbial disease. Blackwell
Science, Oxford.

Radostitis, O.M., Gay, C.C., Constable, P.D. and
Hinchcliff, K.W., 2009. 4 fextbook of the diseases
of cattle, sheep, pigs, goats and horses. 10" ed.
W.B. Saunders Co, Philadelphia (PA).

Rahman, S.U., Siddique, M. and Rassol, M.H., 2006.
Seroprevalence of Mycoplasma mycoides sub
species capri in ruminants and camel. Small
Rum. Res., 63: 28-31. https://doi.org/10.1016/].
smallrumres.2005.01.012

Sadique, U., Zafer, R., Younas, Z.U., Hassan, M., Idrees,
M., Mushtagq, A., Sajid, A. and Sabtain, M., 2012.
Molecular characterization of contagious caprine
pleuropneumonia (CCPP) in small ruminants of
Khyber Pakhtunkhwa Pakistan. J. Anim. PI. Sci.,
22:33-37.

Sambrook, J. and Russell, D.W., 2006. Purification
of nucleic acids by extraction with phenol:
Chloroform. CSH Protocols, 1: 4455. https://doi.
org/10.1101/pdb.prot4455

Samiullah, S., 2013.. Contagious  caprine
pleuropneumonia and its current picture in
Pakistan: Areview. Vet. Med., 58: 2389. https://doi.
org/10.17221/6977-VETMED

Sandip, C., Amit, K., Ruchi, T., Anu, R., Yash, M.,
Kuldeep, D., Amar, P. and Minakshi, P., 2014.
Advances in the diagnosis of respiratory diseases
of small ruminants. Vet. Med. Int., pp. 508304.

Semmate, N., Zouagui, Z., Elkarhat, Z., Bamouh, Z.,
Fellahi, S., Tligui, N., Boumart, Z., Fihri, O.F. and
Harrak, M.E., 2022. Molecular characterization
and pathogenicity of Mycoplasma capricolum
subsp. capricpolum from goats in Morocco. Anim.
Dis., pp. 12. https://doi.org/10.1186/s44149-022-
00042-y

Shah, M.K., Saddique, U., Ahmad, S., Igbal, A., Ali,
A., Shahzad, W., Khan, M.S., Khan, H., Rehman,
H.U., Shah, S.S.A. and Israr, M., 2017. Molecular
characterization of local isolates of Mycoplasma
capricolum sub species capripneumoniae in goats
(Capra hircus) of Khyber Pakhtunkhwa, Pakistan.
Pak. Vet. J., 37: 90-94.

Shah, M.K., Sadique, U., Hassan, Z. and Igbal, A.,
2017. Pathogenesis, molecular characterization,
chemotherapy and vaccine development for
Mycoplasmosis in small ruminants. PhD thesis.
Department of Animal Health, The University
of Agriculture, Peshawar, Khyber Pakhtunkhwa,
Pakistan, pp. 51.

Shahzad, W., Munir, R., Khan, M.S., Ahmad, M.U.D.,
Khan, M.A., Tjaz, M., Shakil, M., Igbal, M. and
Ahmad, R., 2012. Characterization, molecular
diagnosis and prevalence of caprine mycoplasmosis
in different areas of Pakistan. Pakistan J. Zool., 44:
559-568.

Tamura, K., Stecher, G., Peterson, D., Filipski, A. and
Kumar, S., 2013. MEGAG: Molecular evolutionary


https://doi.org/10.1016/j.prevetmed.2018.06.002
https://doi.org/10.1016/j.prevetmed.2018.06.002
https://doi.org/10.1099/ijs.0.64918-0
https://doi.org/10.1099/ijs.0.64918-0
https://doi.org/10.1007/s11250-008-9136-3
https://doi.org/10.1007/s11250-008-9136-3
https://doi.org/10.1079/9780851990125.0169
https://doi.org/10.1385/0-89603-525-5:37
https://doi.org/10.1385/0-89603-525-5:37
https://doi.org/10.1016/j.smallrumres.2005.01.012
https://doi.org/10.1016/j.smallrumres.2005.01.012
https://doi.org/10.1101/pdb.prot4455
https://doi.org/10.1101/pdb.prot4455
https://doi.org/10.17221/6977-VETMED
https://doi.org/10.17221/6977-VETMED
https://doi.org/10.1186/s44149-022-00042-y
https://doi.org/10.1186/s44149-022-00042-y

Mpycoplasmosis in Small Ruminants 13

genetics analysis version 6.0. Mol. Biol. Evol.,
30: 2725-2729. https://doi.org/10.1093/molbev/
mst197

Thiaucourt, F., Bolske, G., Leneguersh, B., Smith, D.
and Wesonga, H., 1996. Diagnosis and control of
contagious caprine pleuropneumonia. Rev. Off. Int.
Epizoot., 15: 1415-1429. https://doi.org/10.20506/
rst.15.4.989

Thiaucourt, F., Bolske, G., Libeau, G., Le Goff, C.
and Lefevre, P.C., 1994. The use of monoclonal
antibodies in the diagnosis of contagious caprine
pleuropneumonia (CCPP). Vet. Micrbiol., 41: 191—
203. https://doi.org/10.1016/0378-1135(94)90100-
7

Wang, H., Li,N., Yang, H., Xu, L., Ning, L. and Ding, H.,
2014. Isolation and identification of Mycoplasma
mycoides cluster strains from goats in Chongqing,
China. Bull. Vet. Inst. Pulawy., 58: 11-15. https://
doi.org/10.2478/bvip-2014-0002

Wesonga, H.O., Bolske, G., Thiaucourt, F., Wanjohi, C.

and Lindberg, R., 2004. Experimental contagious
caprine pleuropneumonia: A long term study on
the course of infection and pathology in a flock
of goats infected with Mycoplasma capricolum
subsp. capripneumoniae. Acta Vet. Scand., 45: 167.
https://doi.org/10.1186/1751-0147-45-167

Woubit, S., Lorenzon, S., Peyraud, A., Manso-Silvan,

L. and Thiaucourt, F., 2004. A specific PCR for
the identification of Mycoplasma capricolum
subsp. capripneumoniae, the causative agent of
contagious caprinepleuropneumonia (CCPP). Vet.
Microbiol., 104: 125-132. https://doi.org/10.1016/j.
vetmic.2004.08.006

Yatoo, M.I., Parray, O:R.; Mir, M.S., Qureshi, S.,

Kashoo, Z.A., Nadeem, M., Bhat, R.A., Tufani,
N.A., Kanwar, M.S., Rana, R. and Dhama, K.,
2018. Mycoplasmoses in small ruminants in India:
A review. J. Exp. Bio. Agric. Sci., 6: 264-28]1.


https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.20506/rst.15.4.989
https://doi.org/10.20506/rst.15.4.989
https://doi.org/10.1016/0378-1135(94)90100-7
https://doi.org/10.1016/0378-1135(94)90100-7
https://doi.org/10.2478/bvip-2014-0002
https://doi.org/10.2478/bvip-2014-0002
https://doi.org/10.1186/1751-0147-45-167
https://doi.org/10.1016/j.vetmic.2004.08.006
https://doi.org/10.1016/j.vetmic.2004.08.006

