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Abstract. Contagious bovine pleuropneumonia (CBPP) is a highly contagious disease of
cattle caused by Mycoplasma mycoides subsp. mycoides. It is characterized by anorexia,
fever, dyspnea, polypnea, cough, and nasal discharges. Gross lesions in the lung such as
marbling, sequestra, thickening of interlobular septa, and consolidation are evident. Serological
tests including complement fixation test and competitive enzyme-linked immunosorbent
assay and molecular tests such as polymerase chain reactions are used for diagnostic purposes.
In this study, lung samples of suspected large ruminants (cattle n=560, buffalo n=293) were
collected from abattoirs of three districts of Punjab namely Lahore, Kasur and Jhang. PCR
was performed with specific primers, targeting the 16S ribosomal RNA gene to detect the
positive cases. The results indicated that 49 samples (8.75%) of cattle were positive, with
maximum prevalence was observed in Jhang with 16 positive samples (10.06%), but CBPP
was not detected in any buffalo sample. High prevalence of disease was seen in cattle of
more than seven years of age, in female cattle, and in cross-bred cattle. Age and gender were
found significantly associated (P<0.05) with the prevalence of the disease. Gene sequencing
of identified 5 isolates of Mycoplasma mycoides subsp. mycoides had more than 99% similarities
with the strains isolated from China, Italy, Australia and Tanzania and were categorized into
a monophyletic group but strain isolated from Portugal had more than 55% variable regions,
hence clustered separately. This study confirms the presence of contagious bovine
pleuropneumonia in the country which can be a threat to the livestock export market and
warrants the implementation of control measures to mitigate the economic losses associated
with the disease.

INTRODUCTION

Contagious bovine pleuropneumonia (CBPP)
is a contagious respiratory disease of cattle
that is caused by Mycoplasma mycoides

subsp. mycoides (Mmm). CBPP is prevalent
in sub-Saharan African countries with a major
impact on livestock production (Abdela &
Yune, 2017). The disease has a long incuba-
tion period of about 6 weeks. In adults, the
disease is characterized by fever, anorexia

respiratory distress including dyspnea,
polypnea, cough, and nasal discharge, while
in young animal swelling of joints is mainly
associated with the disease (Francis et al.,

2018). On necropsy, gross lesions in lungs
including thickening of interlobular septa,
consolidation, red and grey hepatization,
marbling, severe fibrinous exudative
pleuropneumonia, and sequestra formation
are evident (Massimo, 2018). CBPP was
included in former List “A” diseases of OIE
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and is considered as a transboundary animal
disease (TAD). CBPP is an important disease
with significant economic impact as the
mortality rate of 10-70% in African countries
has been reported (Yansambou et al., 2018).
Other economic impact includes high
production cost, medication expenditures,
weight loss, decreased working ability,
decreased fertility rate, diminution in cattle
trade, a decline in investment in livestock
sector resulted in the imposition of rigorous
limitation to international trade on CBPP-
affected countries in accordance with World
Organization of Animal Health (OIE)
regulation. In Africa, an annual loss of
approximately 2 billion US$ has been
documented (Onono et al., 2017).

The disease is transmitted through the
inhalation of pathogen however, airborne
transmission cannot be neglected.
Chronically infected animals act as a carrier
of Mmm. Even a single carrier in a herd can
cause a potential threat to the whole
population of animals (Le Get, 2018). In case
of outbreak of the disease, control measures
including the culling of suspected and
diseased animals are essential to prevent the
transmission of disease. All these measures
depend upon the proper identification of
disease and etiologic agents (Malicha et al.,

2017).
World Organization for Animal Health

has approved two serological tests for
diagnosis of CBPP; complement fixation test
(CFT) and a competitive enzyme-linked
immunosorbent assay (cELISA), but these
tests are recommended at herd level only
(Muuka et al., 2011). Conventionally,
isolation of Mmm by culture and identi-
fication by biochemical and antigenic
techniques have drawbacks such as low
sensitivity due to contamination, low
specificity due to cross-reactivity with other
Mycoplasma species furthermore, these
techniques are time-consuming, require
labor and laboratory procedures. For the
serological assessment of CBPP in a specific
region, the ELISA technique gave good results
in a short period of time along with minimal
chances of contaminations as compared
to conventional culture or biochemical
techniques (Bashiruddin et al., 2005; Anjum

et al., 2019). The only drawback of the ELISA
technique is it’s slow sensitivity against the
acute cases when compared to the results of
ELISA with the PCR and loop-mediated
isothermal amplification (LAMP) techniques
(Muuka et al., 2011; Enyaru et al., 2012).

Since the development of PCR in 1994,
considerable developments have been
introduced to improve the sensitivity and
specificity to diagnose CBPP (Hotzel et al.,

1996; Schnee et al., 2011). In this study, the
conventional PCR technique was used for
prevalence and molecular detection of CBPP
in slaughtered cattle and buffalo lung
samples, collected from abattoirs of three
districts of Punjab, Pakistan.

MATERIALS AND METHODS

Study area and sample collection

In this study, lung samples of suspected cattle
(n=560) and buffalo (n=293) were collected
from different abattoirs of three districts
(Lahore, Kasur, Jhang) of Punjab, Pakistan
(Figure 1). Samples were kept in transfer
media containing heart infusion broth, and
shifted to the molecular pathology lab,
Department of Pathology, University of
Veterinary & Animal Sciences, Lahore,
Pakistan for further processing.

Genome extraction and PCR

Lung samples were used for DNA extraction
using the DNeasy Blood & Tissue Kit (Qiagen,
Hilden, Germany). Forward and reverse
primers of oligonucleotide sequences (16S
rRNA–F ‘AAAATGAGAGTTTGATCCTGG’
and 16S rRNA–R ‘AGAAAGGAGGTGAT
CCATCCG’) were derived from the 16S
ribosomal RNA gene with an amplicon size
of 1525bp, using Oligo primer analysis
software version 6.71. All the amplifications
were conducted in Mastercycler® nexus
(Eppendorf, Hamburg, Germany). For 20
µL reaction mixture, 10 µL PCR Master Mix
(2X) (Thermo Scientific™, Massachusetts,
United States), 1 µL DNA template, 1 µL
forward primer, 1 µL reverse primer, and
7 µL nuclease-free water was used. For
amplification, the reaction mixtures were
pre-heated to 95°C for 5 min followed by 30
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Figure 1. Areas for sample collections from abattoirs of three districts of Punjab, Pakistan.

cycles of denaturation at 95°C for 30 sec,
annealing at 55°C for 30 sec and extension at
72°C for 50 sec and a final extension at 72°C
for 7 min. The same primers were used for
the negative control reaction mixture under
the same amplification conditions. The PCR
products were run in 1% tris-acetic acid-
EDTA buffer by using 1% gel electrophoresis
and analyzed the amplicon size in gel
documentation (AlphaImager™, USA) by
their band size. The PCR product was further
processed for nucleotide sequence analysis
targeting the 16S rRNA gene for the detection
of CBPP.

Phylogenetic analysis and homology

percentage

Nucleotide sequences were compared to
check the homology identity with the already
reported strains available in NCBI-GenBank
databases. Nucleotide sequences were
aligned by using Clustal W pairwise
alignment tool and MEGA-X software was

used for phylogenetic analysis. Neighbor-
joining algorithm was applied to construct
the tree, with bootstrap percentage values
estimated from 1000 replications and values
over 50% were displayed. The percentage
homology among the Mmm isolates was
calculated through pairwise sequence
distance matrix tool using DNASTAR
Lasergene MegAlign version 7.1.0 (44)
software.

Statistical analysis

All data were expressed in means ± standard
deviation form. All values were documented
in Microsoft excel files. Pearson chi-square
test was applied to determine the prevalence
of CBPP along with the associated risk
factors. The level of significance was
accepted at 95% confidence interval.
Statistical analysis was performed at
statistical package for the social sciences
(IBM SPSS version 23.0) software.
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RESULTS

PCR results indicated that Mycoplasma

mycoides subsp. mycoides (Mmm) was found
in 49 (8.75%) cattle lung samples, but Mmm

was not detected in any buffalo lung sample.
The number of positive samples in Lahore,
Kasur, and Jhang were 8.26%, 8.20%, and
10.06% respectively, no significant difference
(P>0.05) was observed regarding the
prevalence of CBPP with respect to cities as
shown in Table 1.

The analysis of data indicated that the
number of positive samples in cattle of
less than 4 years, 4-7 years and more than
7 years of age were 0.79%, 8.16%, and 32.08%
respectively. A significant difference
(P<0.05) was found with the prevalence of
CBPP in terms of age factor as shown in
Table 2.

The number of positive cases observed
in male and female cattle were 5.86% and
11.50% respectively. Pearson chi-square
value was 0.01, which indicated the
prevalence of CBPP was statistically
associated (P<0.05) with the gender of
cattle as shown in Table 2.

The analysis of data depicted that
positive cases of CBPP in local and cross-
bred cattle were 4.05% and 9.47% respec-

tively. Pearson chi-square value was 0.06,
which showed that the prevalence of CBPP
was not statistically associated (P>0.05)
in terms of the breed of cattle as shown in
Table 2.

The analysis of the results of our study
revealed that PCR had amplified a 1525 base
pair amplicon specific for the 16S rRNA gene
of Mmm. The nucleotide sequences of
identified isolates namely Mmm isolate
PAK/C85, Mmm isolate PAK/C187, Mmm

isolate PAK/C291, Mmm isolate PAK/C354
and Mmm isolate PAK/C499 were submitted
to NCBI-GenBank databases under the
accession numbers MK692950, MK692951,
MK692952, MK692953, and MK692954
respectively.

Phylogenetic analysis of the sequences
indicated that field isolated Mycoplasma

isolates were closely related to the Mmm

group as compared to other Mycoplasma

species. Field isolated Mmm isolate Pak/C87
being closely related to Mmm strain Ben326
isolated from China, was clustered together.
Vaccinal strain Mmm strain T1/44 (Tanzania),
Mmm strain Gladysdale (Australia) and
Mmm Ben strains (1, 50, 181 and 426) isolated
from China, having high percentage identity,
formed a monophyletic group with field
identified isolates, while Mmm strain

Table 1. Prevalence of contagious bovine pleuropneumonia in selected districts of Punjab

City N Positive Negative Prevalence (%) P-value*

Lahore 218 18 200 8.26% 0.79
Kasur 183 15 168 8.20%
Jhang 159 16 143 10.06%

*Pearson chi-square.

Table 2. Prevalence of CBPP in cattle with respect to different possible risk factors

Factors Classification N Positive Negative Prevalence (%) P-value*

Age <4 years 127 01 126 0.79% <0.0001
4-7 years 380 31 349 8.16%
>7 years 53 17 36 32.08%

Gender Female 287 33 254 11.50% 0.01
Male 273 16 257 5.86%

Breed Local breed 74 3 71 4.05% 0.06
Cross-bred 486 46 440 9.47%

*Pearson chi-square.
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PG1(Portugal) with highly variable
nucleotide sequence, was branched
separately than that of other member of
Mycoplasma groups as shown in Figure 2.

Pairwise sequence distance matrix
analysis revealed that identified isolates had

99.6–99.9% nucleotide identity (%) with the
strains reported in China, Australia, Tanzania,
and Italy, while Mmm strain PG1(Portugal)
had greater variations with 43.0-43.2%
nucleotide identity (%) as shown in Table 3.

Table 3. Pairwise distance analysis of nucleotide sequences of 16S rRNA gene (field identified isolates with
other reference strains reported in NCBI-GenBank databases)

Strains
Nucleotide Identity (%)

PAK/C85 PAK/C187 PAK/C291 PAK/C354 PAK/C499

Ben 1 99.8 99.9 99.9 99.9 99.7
Ben 50 99.8 99.9 99.9 99.9 99.7
Ben 181 99.7 99.9 99.9 99.7 99.7
Ben 326 99.7 99.9 99.8 99.8 99.8
Ben 468 99.7 99.7 99.6 99.7 99.7
Izsam_mm5713 99.9 99.8 99.9 99.8 99.8
T1/44 99.9 99.8 99.9 99.8 99.8
Gladysdale 99.9 99.8 99.9 99.8 99.8
PG1 43.2 43.0 43.2 43.1 43.2

Figure 2. Phylogenetic tree based on the 16S rRNA gene sequences of 5 field isolates (marked) and 25
NCBI-GenBank databases reference strains of Mycoplasma mycoides group.
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DISCUSSION

Contagious bovine pleuropneumonia is an
important disease, having economic con-
sequences listed by the World Organization
of Animal Health. It is a major militating
factor affecting cattle production in terms of
animal protein supply and economic value.
Diagnostic techniques for CBPP have been
reviewed by many authors in recent years.
DNA amplification by PCR provides a
successful and rapid detection tool for
Mycoplasma mycoides subsp. mycoides

(Mmm). In this study, 8.75% (49/560) lung
samples of cattle were found positive
thorough PCR targeting the 16S rRNA gene,
the results are similar to our previous
document in which using a sandwich enzyme-
linked immunosorbent assay, we confirmed
the seroprevalence of CBPP in Lahore, Kasur
and Jhang districts, with 8.26, 8.20 and
10.06% seropositivity respectively with no
observable significance difference (P>0.05)
(Anjum et al., 2019). The results are in
agreement with the work of Musa et al.

(2016), who found that CBPP can be
confirmed from consolidated lung samples
through PCR. In previous studies, Myco-

plasma mycoides subsp. mycoides has been
confirmed in lung samples thorough PCR
targeting the 16S rRNA gene (Persson et

al., 1999; Bashiruddin et al., 2005). Miserez
et al. (1997) developed a nested PCR,
targeting the lipoprotein P72 gene of Mmm

and found it to be sensitive enough to detect
the antigen at a very low concentration even
of 10-103 viable cells per mL. Hence detection
of CBPP through PCR can be considered as
a robust and rapid tool.

In our study, a significant difference
(P<0.05) was observed regarding the
prevalence of CBPP in cattle when
categorized according to their age. Similarly,
age was associated significantly (P<0.05)
when compared to the results with
seroprevalence of CBPP in Pakistan. The
seropositivity of CBPP was greater in older
animals as compared to young animals
(Anjum et al., 2019). Our results are in
agreement with previous studies of Olabode
et al. (2013), who reported the highest
occurrence of disease in older animals as

compared to young animals. Swai et al.

(2013) conducted an abattoir-based survey
and investigated that animals aged 6-18
months had a significantly high rate of
disease as compared to younger ones. Hence,
chances of disease incidence increase
with age. Our findings tend to agree with
previous studies conducted in Ethiopia by
(Kassaye & Molla, 2013), who investigated
the seroprevalence of CBPP in animals of
less than 4 years, 4-7 years and more than
7 years of age were 3%, 5.2% and 9.5%
respectively. Daniel et al. (2016) reported
that the prevalence of CBPP in young and
adult animals was 25.5% and 30.3% respec-
tively, with no age-related statistical
significance (P>0.05). Similarly, our results
were in contradiction with the findings of
Mamo et al. (2018), who reported that age
was not significantly associated with the
seropositivity of CBPP. It can be attributed
to similar exposure to all animals in a
herd as the disease is contagious and one
animal might become continuous source of
infection to other animals.

In our study, 11.50% (33/287) and 5.86%
(16/273) lung samples were found positive
in female and male cattle respectively, which
were similar to findings of (Anjum et al.,

2019), who reported that seroprevalence of
CBPP was significantly associated (P<0.05)
with gender. Our findings were in agreement
with the results of Malicha et al. (2017), who
reported that the prevalence of the disease
in male and female cattle was 12.9% and
28.1% respectively, hence the distribution of
disease in female cattle was significantly
(P<0.05) high. Our results were also in line
with the findings of Séry et al. (2015), who
reported that the prevalence of CBPP in male
and female cattle was 15.6% and 19.72%
respectively. Similarly, Olabode et al. (2013)
also reported 33.3% and 66.7% distribution of
CBPP in male and female cattle respectively.
Mamo et al. (2018), also documented that
percentage seroprevalence of CBPP in male
and female were 7.1% and 8.8% respectively.
Our results were also similar to Schnier et al.

(2006), who reported a significantly higher
prevalence in female cattle as compared to
male cattle in Kenya. Higher prevalence of
the disease in cows can be attributed to their
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lower immunity level following reproductive
stress as buttressed by the age frequency of
the disease accompanied by the fact that
male cattle are sold at younger age while
cows are kept at herd for breeding purposes.
In contrast to our findings, Daniel et al. (2016)
reported that seroprevalence of disease in
male and female cattle was 30.9% and
27.04% respectively, though statistically
insignificant association (P>0.05) was found
in terms of gender.

Table 2 revealed that 4.05% (3/74) and
9.47% (46/486) lung samples were found
positive in the local breed and cross-bred
cattle respectively, the results are similar to
our previous study, where seroprevalence
of CBPP was detected non-significantly
(P>0.05) higher in cross-cred cattle as
compared to local breed (Anjum et al., 2019).
The analysis of this study showed that the
breed was not significantly associated
(P>0.05) with the prevalence of the disease.
Our results tend to be in line with the findings
of Daniel et al. (2016), who reported that the
percentage of CBPP in cross-bred animals
was high in Ethiopia, with percentage
prevalence in local and cross-bred animals
was 27.4% and 37.2% respectively.

CONCLUSION

In conclusion, this study is valuable for
reporting the current status of CBPP in
Pakistan. For the first time, we have detected
the Mycoplasma mycoides subsp mycoides

(Mmm) in the lung samples of cattle through
PCR. Hence, surveillance of CBPP throughout
the country and implementation of the
stamping-out strategies including culling
of diseased animal/herd or vaccination
campaigns, to control the disease, is strongly
recommended.
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