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Abstract: Contagious bovine pleuropneumonia (CBPP) is a highly contagious disease of cattle caused by
Mycoplasma mycoides subsp. mycoides small colony (Mmm SC). A cross-sectional study design was
conducted to estimate seroprevalence and associated risk factors and to detect the causative agent of the
disease from seropositive animals. Therefore, a total of 576 animals were randomly selected and serum
samples were collected and tested with c-ELISA. For further confirmation from 4 seropositive animals lung
tissue were sampled and detection of antigen was made using PCR.Thus, the overall animal and herd level
seroprevalence of CBPP were 14.6% (95%Cl: 11.80-17.73) and 54% (95%CI: 44.35-63.40), respectively.
Among the potential risk factors considered, multivariate logistic regression analysis showed district, age,
herd size, and history of respiratory disorder were statistically significant(p<0.05). Cattle that found in llu
Galan district were two times (OR=2.4, P=0.002) more likely to be affected by the disease than Sibu Sire,
adult cattle were two times (OR=2.1, p=0.009) more likely positive than young, large herd cattle were six
times (OR=6.1, P= 0.000) more likely affected than small herd, and animals that had history of respiratory
problems were two times (OR=1.9, P=0.021) more likely seropositive than healthy. Of 4 seropositive animals
lung tissue tested with PCR, Mmm SC was detected in all samples (100%). In conclusion like molecular
method in non-vaccinated areas serological technique can also correctly estimate the presence of the disease.
Therefore, the government has to prioritize the control and prevention strategy of this economically
devastating disease of cattle particularly the implementation of regular vaccination of young animal is
significant in disease endemic areas.
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1. INTRODUCTION

Contagious bovine pleuropneumonia (CBPP) is a contagious disease of cattle caused by Mycoplasma
mycoides subsp. mycoides small colony (Mmm SC). It has great potential for rapid spread and causes
major impact on cattle production. The disease is manifested by anorexia, fever and respiratory signs
such as dyspnoea, polypnoea, cough and nasal discharges (1, 2). The principal route of infection is
inhalation of infective droplets derived from diseased animals. Outbreaks tend to be more extensive in
housed and in those in transit by train and on foot (3). Factors such as extremes of age, stress and
concurrent infections may predispose to tissue invasion (4). It is considered to be a disease of
economic importance because of its mortality, production loss, increased production cost due to cost
of disease control, loss of weight and working ability, reduced fertility, and restricted cattle trade (3,
5). Due to its high economic impact, the World Organisation for Animal Health (OIE) declared CBPP
as one of the most serious contagious animal diseases and listed on the group of notifiable animal
diseases of high socio-economic impact and regarded as major transboundary animal diseases (TADs)

(6).

Thus, CBPP is one of the great plagues that continue to devastate the cattle herds on which so many
people are dependent in Africa and considered as the most infectious animal disease affecting cattle of
the continent (7, 8). The disease spread alarmingly during the 1990s, infecting several countries
previously free from the disease and causing greater losses (9, 10). In recent years, the disease has
emerged from areas where it has been persisting in endemic form to re-invade other areas from which
it had previously been eradicated (6). In addition to these newly infected areas, the endemic areas are
experiencing an upsurge in the incidence of CBPP (6).
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With the imminent eradication of rinderpest, CBPP has becoming the most important cattle disease
that hinders livestock development of Ethiopia. This is mainly caused due to the interruption of the
consecutive yearly blanket vaccinations with combined rinderpest. Since 1992-1993 which had
certainly contained the disease to a relatively low level during the past years by reducing the
susceptible bovine population. However, CBPP is now re-emerging as one of the most economically
important diseases that impede livestock production. Poor understanding of pathogenesis, relatively
ineffective vaccines with adverse effects and poor diagnostic assays were further exacerbated the
impact of the disease in the country (11). Ethiopia has experienced the largest number of cattle deaths, and
reduction in cattle products under both endemic and epidemic conditions of CBPP compared to other
African countries probably due to large cattle population (12). Therefore, CBPP was considered as one of
the most important cattle disease and impediments to livestock development in Ethiopia (13, 14).

In most continents, control strategies are based on the early detection of outbreaks, control of animal
movements and stamping-out policy. However, in Africa control of the disease is only based on
vaccination (T1/44 or T1SR) and antibiotic treatment (3, 15). However, the consequences of antibiotic
treatments in terms of clinical efficacy, emergence of resistant strains and persistence of chronic
carriers have not been evaluated yet (16). But currently research work has shown that antibiotic
treatment of cattle may greatly reduce the transmission to healthy contacts but this requires treatment
of all affected cattle (17). Despite vaccination has been considered as a strategy for the control of
CBPP in Ethiopia, the disease still persists in several regions of the country and its incidence
increasing from year to year. This is, mainly due to lack of effective vaccine, irregular and low
coverage of vaccination, lack of livestock movement control, and absence of systematic disease
surveillance and reliable data (11).

Knowing the extent of diseases distribution like CBPP is valuable since used as an input for
development of optimum prevention and controlling strategies and that will ultimately assist in
poverty alleviation by improving the productivity of the sector. Therefore, to carry out an effective
control of the disease, prerequisites such as understanding of the epidemiological scenario of the
disease should be well-known. However, currently there were several studies have been undertaken
since 2006 on CBPP as a country with prevalence of 0.4%31.8% (18, 19, 20, 21, 22, 23, 24). The
previous studies were stressed only on seroprevalence study, whereas there is no reported document
on detection of the causative agent of the disease using PCR technique in the country so far. Hence,
further identification of the causative agent of CBPP and knowing the epidemiological scenario of the
disease is vital. Therefore, the study was conducted with the objectives of estimating seroprevalence
and associated risk factors of CBPP and detecting the causative agent of the disease from seropositive
animals.

2. MATERIALS AND METHODS
2.1. Description of the Study Area

The study was carried out in selected districts (Sibu-Sire and llu-Galan) which were selected from two
zones (East Wollega and West Showa) of Oromia regional state, western Ethiopia.

Sibu Sire district is found western part of Ethiopia in East Wollega zone of Oromiya regional state
(Fig. 1). The district is located on the Addis Ababa-Nekemte main road about 273 km from the
Ethiopian capital Addis Ababa to the west of the country. Sire is the central town of the district and is
located on geographical coordinates 9°04'59.9" N and 36°49'59.9" E. The district has altitude ranging
from 1,200-2,400 with an average of 1,830 meters above sea level (m.a.s.l). The agro ecologies of the
area are 7.53% highland, 74.2% midland and 18.7% lowland type. It experiences a bimodal pattern of
rainfall with the main rainy season extending from June to September (84% of rain is expected) and
short rainy seasons from March to May. The area receives rainfall ranging from 1,000-2,400 mm with
mean annual rainfall of 1,700 mm. The minimum and maximum temperatures of the district were
10.9°C and 33.9°C, respectively. The livestock populations of the district were: cattle (190,166),
sheep (35,952), goat (36,512), poultry (193155), horse (12,249), donkey (16,402) and mules (1,196).
According to the document of Sibu Sire veterinary clinic described the major livestock diseases that
found in the district were trypanomosis, internal and external parasite, lumpy skin viral disease,
pasturellosis, mastitis, blackleg, Newcastle viral disease anthrax and tuberculosis (25 Sibu Sire district
Livestock and Fishery Resource Development Office, 2017).
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llu-Gelan district is found in the western part of Ethiopia in West Showa zone of Oromiya regional
state (Fig. 1). The district is located on the Addis Ababa-Nekemte main road about 200 km from
Addis Ababa to the west of the country. ljaji is the central town of the district and the district is
located on geographical coordinates 8°59'51" N and 37°19'49" E. The altitude of the district is ranging
from 1,5651,790 with an average of 1, 630 m.a.s.l. The agro-ecology of the area is almost about 80%
is lowland type. The mean annual rainfall of the area varies between 1,600-2,290 mm and the mean
annual temperature is 27.3%. The current livestock populations of the district based on species are
107,076 cattle, 7,600 sheep, 8,930 goats, 41,285 poultry, 650 horses, 950 mules, and 3,395 donkeys.
According to the report of Ilu Galan livestock health agency, the major endemic livestock diseases
that found in the district were trypanomosis, pasturellosis, blackleg, salmonellosis, epizootic
lymphagitis, African horse sickness, mengimites, and external parasite (ticks) (26 Ilu Gelan district
Livestock and Fishery Resource Development Office, 2017).
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Figl. Map of the study area

2.2.Study Population

The study population comprises indigenous Horro cattle breeds that found in the areas. Horro breed is
zenga type cattle that are an intermediate breed type between the sanga and the zebu. Zenga breeds are
often found in areas between the typical zebu areas in northern Africa and Sanga areas in the south
(25, 26, and 27). The Horro cattle are found in the western parts of Ethiopia, mainly in the Eastern
Wollega and Western Shoa zones of the Oromia region and one of the common breed in Ethiopia.
Therefore, indigenous Horro cattle breed that managed under extensive production system with no
history of CBPP vaccination and animals above six months old age were subjects of the study. Most
of the time calves are not included in serological studies since it was believed that the colostrum milk
might be trigger antibodies for many diseases that able to protect up to six months of old age.

2.3. Study Design and Methods

The cross-sectional study design was conducted from December 2016 to April 2017 in selected
districts (Sibu Sire and llu Galan) of western Ethiopia and equal sample size were considered for the
two districts. The purpose of the study was fully explained to the selected cattle owners before
conducting the study to have owners’ agreement. From the selected study areas animals’ blood
samples collections were performed and the overall animal and herd level seroprevalence of CBPP
were estimated. As well as the associated potential risk factors of CBPP were identified. For further
confirmation of the presence of CBPP in the study area, identification of the causative agent of CBPP
disease was made from lung tissue samples of seropositive animals.
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2.4.Sampling and Sample Size Determination
2.4.1.Sample Size Determination

The sample size required for venous blood collection was determined depending on the expected
overall prevalence of CBPP, 5% the desired absolute precision and 95% confidence interval (CI)
using the formula given by Thrusfield (28). Since there were recent previous reports of prevalence of
CBPP disease in western part of the country such as 28.5% was reported by Mersha (23) and 6.51%
was reported by Geresu et al. (24) and the average was 17.51%. Thus, in this study an expected
prevalence of 17.51% was considered to get the maximum sample size. Therefore, the sample size
was calculated based on 17.51% expected prevalence and gives total sample size of 216 for each
district. However, 288 animals were sampled from each district in order to increase the precision,
which gives a total estimated sample size of 576 animals.

The sample size calculation formula:
n = (1.96)*(Pexp) (1-Pexp)
d2
Where; n = Total number of sample size

Pexp = Expected prevalence, d = Absolute precision (0.05)
2.4.2.Sampling Technigues

To select the study districts non-probability sampling (purposive sampling) technique was used. In the
first stage the two districts (Sibu Sire from East Wollega zone and llu Gelan from West Shoa zone)
were selected purposively based on nearby to Bako agricultural research centre, easily accessible and
densely populated area of cattle. In the second stage, after made of a brief discussion with the selected
districts of livestock and fishery resource development office and health agencies, peasant
associations (PAs) which mean the smallest administrative unit of the districts were randomly selected
from the two districts. Sibu Sire district has 22 PAs whereas llu Galan has 17 PAs, and from each
district two PAs were randomly selected. Thus, from Sibu Sire (Lalisa and Cheri Jarso) and from Ilu
Galan (Ale Wara llu and Wadeyi Granche) were sampled, accordingly.

To select households (herds) and individual animal two stage sampling methods were employed. The
primary sampling unit was household that having at least two cattle in each selected PA and defined
as herd. To select households or herds, since the total numbers of households that having cattle
(sampling frame) in each PA were not well known, purposive sampling technique was used.
Therefore, from each PA, households that having at least two cattle were recruited purposively based
on households that found nearby to PA level veterinary clinics (type D clinics). And the secondary
sampling unit was individual animals of households (animals that owned by the sampled households).
Since between-cluster variance of CBPP disease of the area was unknown a simple random sampling
method was applied to calculate the number of animals to be included from each herd in study (29).
From each list of herds (household that having animal) the maximum sample size sampled was seven
(i.e. the average number of cattle per household of the area). From households those having greater
than seven cattle, only seven animals were sampled using random sampling method. However, in case
of households that have <7 cattle, all animals were sampled (30). Households (cattle owners) of the
study area were recognises each cattle owned by name, thus, animals were randomly sampled using
the name of animal as ID number and blood samples collections were conducted.

2.5. Data Collection
2.5.1.Blood Sample Collection

Blood samples of animals belonging to interviewed farmers were collected for diagnostic test.
Therefore, from each sampled animal about 7 ml of whole blood were collected from the jugular vein
of the randomly sampled animals using disposable plain vacutainer tubes and needles (BD Vacutainer
Systems, Plymouth, United Kingdom) according to best practice of guidelines. Then, the samples
were properly labelled and left for 24 h at room temperature to allow clotting and serum samples were
separated after 24 h through gently transferring to other sterile vials and stored at —20°C at Bako
Agricultural Research Centre animal health laboratory until submitted to National Veterinary Institute
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(NV1), Bishoftu. Finally, the serum samples were transported in to NVI with an ice box and submitted
for laboratory analysis.

During blood sample collection variable that considered as risk factors were: location (districts and
PAs); age (grouped into two 6 months—3 years old called young and greater than 3 years old called
adult based on owners information); sex (male and female); herd size (grouped into three, since the
interviewed minimum and maximum number of herd sizes ranges 2-25 categorised as 2—7 called
small herds, 8-14 called medium herds and 15-25 large herds); previous history of respiratory
disorder (yes/present or no/absent); body condition score (BCS) characterised based on (31)
principles, then categorised into three poor 0-3, medium 4-6 and good 7-9); and parity (categorised
as heifer or non parturated, primiparus or single and pluriparus or multiple parity).

2.5.2.Lung Tissue Sampling

After CBPP positive animals were screened using serological method, and trace backing of
seropositive animal owners made to purchase seropositive animals for lung tissue sampling. Before
starting the process of purchasing, the purpose of purchasing animals was clearly explained to the
owners in order to have owners’ agreement. Out of the total 84 seropositive animals which were
resulted test positive using competitive enzyme-linked immunosorbent assay (CELISA), four animals
were purposively selected based on strength of seropositivity (bigger percent of inhibition value) and
bought. The purchased seropositive animals were transported to Bako Agricultural Research Centre
and post-mortem examinations have been conducted. Upon post-mortem examination parts of
suspected lesions of lung tissue samples were collected and immediately stored at —20°C at Bako
Agricultural Research Centre, animal health laboratory until submitted to NVI, Bishoftu. Finally, the
lung tissue samples were dispatched into NVI with an ice box and submitted for PCR analysis.

2.6. Diagnostic Methods
2.6.1. Competitive Enzyme-Linked Immunosorbent Assay

Microplates are coated with Mmm purified lysate. Samples to be tested are premixed with a specific
monoclonal antibody (MAb) 117/5 in a separate plate (prelate) and content of the prelate is transferred
into the coated microplate. Any Mmm specific antibodies present in the sample will form an immune-
complex with Mmm antigen coated on the microplate, competing with MAb 117/5 for the specific
epitopes. After washing away unbound material, an anti-mouse antibody enzyme conjugate is added.
In presence of immune-complex between Mmm antigen and antibodies from the sample, MAb 117/5
cannot bind to its specific epitopes and the conjugate is blocked from binding to MAb 117/5.
Conversely in the absence of Mmm-antibodies in the test sample, MAb 117/5 can bind to its specific
epitopes and the conjugate is free to bind to MAb 117/5. Unbound conjugate is washed away, and
enzyme substrate called tetramethylbenzidine (TMB) is added. In presence of the enzyme, the
substrate is oxidised and develops a blue compound becoming yellow after blocking. Subsequent
colour development is inversely proportional to the amount of anti-Mmm antibodies in the test sample.
The result is expressed in “percentage of inhibition” by comparing the optical density in the test well
with the optical densities in the MAb control wells (NVI laboratory manual).

2.6.2.Polymerase Chain Reaction

The deoxyribonucleic acid (DNA) extraction process from lung tissues samples were carried out as
described by (32). The tissue samples were cut in small pieces using a sterile scalpel, grinded
thoroughly and then homogenised in 2 ml phosphate buffered saline (PBS). Then, the mixture was
transferred to 2 ml Eppendorf tubes containing 385 pl sodium chloride-Tris EDTA (STE) buffer
(100mM NaCl, 50mM Tris—HCl, pH 7.4, and ImM EDTA), 5 ul proteinase K (20 mg/ml), and 10 pl
Sodium dodecyl sulfate (SDS) (20%). After extraction with 400 ul phenol saturated with 1mM Tris—
HCI (pH 7.4) and ethanol precipitation, the DNA was dissolved in 50 pl of distilled H,O.

Then DNA amplification was performed using Mycoplasma mycoides subsp. mycoides species-
specific pair primers and 5 pl of test DNA template in a total volume of 20 pl for 42 cycles. The
reaction mixture consisted of RNase free water (3 pl), Primer-MSC1l-Fow-5pM/ul 5’-
ATACTTCTGTTCTAGTAATATG-3’ (2 ul), Primer-MSC2-REV-5pM/ul 5°-CT
GATTATGATGACAGTGGTTCA-3" (2 ul), IQ Super mix (10 pl), template (DNA) (3 pl). The
optimal amplification cycle for paired primers sets consisted of initial denaturation at 95°C for 5 min
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(1-Cycle), a 40 cycles of each denaturation at 95°C for 30 sec, annealing at 50°C for 30 sec, and
initial elongation at 72°C for 1 min, final elongation at 72°C for 7 min (1-Cycle) and the products
were kept at 4°C for electrophoresis. The positive control Mmm DNA used while nuclease free water
and extraction control samples were used as negative control. To confirm the targeted PCR
amplification the PCR product was then subjected to electrophoresis in the 1.5% agarose gel
containing 5 pl gel red with 4 pl dye and 10 pL of DNA Ladder (Gene Ruler, Fermentas, United
States of America) was prepared and electrophoresis was carried out at 130 volts for 1 h and the
products were read under ultraviolet illumination adapted to molecular imaging software. The
amplified product which produced specific bands with the molecular size of 260 base pair is observed
in positive samples by ultraviolet trans-illumination (NV1 laboratory manual).

2.7.Data Management and Analysis

Data were stored on Microsoft Excel spread sheet ver 2013, and analysis was made using STATA
(version 13) and SPSS ver. 20 statistical softwares. Disease prevalence was analyzed using SPSS
(descriptive statistical test mean crosstabs) was used while degree of associations between the
outcome variable and its potential risk factors were analyzed using STATA (version 13) using logistic
regression model. CBPP sero positive was considered as the dependent variable and the risk factors as
independent variables. Initially logistic regression of univariable analysis of measuring odds ratio
made and the significant results of the univariate analysis were included in the final model using
multivariate logistic regression analysis. Finally, the degree of association was computed using odds
ratio (OR) signified by 95% CI with a p-value less than 0.05 taken as significant.

3. RESULTS
3.1.Seroprevalence and Associated Risk Factors of Contagious Bovine Pleuropneumonia

3.1.1.The Overall Animal and Herd Level Seroprevalence

Of the total 576 sampled animals from 113 cattle herds, 84 were seropositive with CBPP disease. The
overall animal level seroprevalence CBPP was 14.6% (95% CI: 11.80-17.73). Out of the total 113
sampled herds, 61 herds were infected and the overall herd level seroprevalence of CBPP was 54%
(95% ClI: 44.35-63.40).

3.1.2. Animal Level Seroprevalence of Contagious Bovine Pleuropneumonia Across the Risk Factors

In this study different animal level seroprevalence was recorded across the study locations such as
higher prevalence was observed in llu Gelan district (20.1%) than Sibu Sire district (9%). Similarly,
highest prevalence was recorded in Ale Wara llu (22.1%) while lowest in Cheri Jarso (7%). In the
present study also, various prevalence were recorded across host related potential risk factors like sex,
age, parity and body condition of the animals. As the result of the study described seropositivity was
higher: in adult (18.1%) than in young (9.6%), highest in poor body condition (23.3%) than in
medium (12.8%) and good body condition (6.4%) and highest seroprevalence in pluriparus (17.1%)
while lowest in heifers (7.6%) were recorded. As well as highest seroprevalence was observed in large
herd size (30.6%) than small herd size (5.5%) and higher prevalence (18.8%) in animals with history
respiratory disorder than healthy animals (10.2%) (Table I).

Univariate logistic regression analysis results showed that among the risk factors that considered
district, age, history of respiratory disorder, herd size and body condition were spastically significant
(p < 0.05). The animal level seroprevalence was significantly higher in llu Galan district than in Sibu
Sire such as cattle that found in llu Galan (OR = 2.54, 95% CI: 1.55-4.17, p = 0.000) were more than
two times more likely to be affected by CBPP disease than Sibu Sire. Similarly, cattle that kept at Ale
Wara llu (OR = 2.3, 95% CI: 1.2-4.4, p = 0.012) were 2.3 times more likely to be CBPP seropositive
than Lelisa. The likelihood of seropositivity with CBPP disease of adult cattle (OR = 2.1, 95% ClI:
1.24-3.46, p = 0.005) were two times more seropositive than young, animals which had history of
respiratory problems (OR =2.04, 95% CI: 1.26-3.31, p = 0.004) were two times more likely to be
seropositive than those hadn’t, poor body condition animals (OR =4.4, 95% CI: 1.84-10.64,
p = 0.001) were four times more likely to be seropositive than good body condition and cattle that
found in large herds (OR = 7.6, 95% CI: 3.84-14.94, p = 0.000) were seven times more likely to be
affected by CBPP disease than small herds. As well as the likelihood of getting risk of infection with
CBPP disease of multiple parity (OR = 2.5, 95% CI: 1.16-5.51, p = 0.020) were two times more than
heifers (Table I).
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Tablel. Animal level seroprevalence degree of association analysis across potential risk factors using

univariate logistic regression

Risk factors No. tested % (95% CI) Report of odds ratios p-value
OR (95% CI) [Std.Err.

District

Sibu Sire 288 9 (5.98-12.95) 1

llu Galan 288 20.1 (15.66-25.24) 2.54 (1.55-4.17) 0.64 0.000***

PA (Kebele)

Lelisa 146 11 (6.4-17.19) 1

Cheri Jarso 142 7 (3.43-12.57) 0.62 (0.27-1.41) 0.26 0.250

Ale Wara Ilu 145 22.1 (15.61-29.70) 1.8 (0.92-3.53) 0.62 0.084

Wadeyi Granche [143 18.2 (12.23-25.49) 2.3(1.2-4.4) 0.74 0.012*

Sex

Female 326 13.2 (9.71-17.35) 1

Male 250 16.4 (12.03-21.58) 1.3 (0.81-2.05) 0.31 0.280

Age

Young 239 9.6 (6.2-14.1) 1

Adult 337 18.1 (14.14-22.63) 2.1 (1.24-3.46) 0.54 0.005**

Herd size

Small 228 5.5 (2.74-9.01) 1

Medium 211 12.8 (8.2-17.27) 2.5 (1.24-5.1) 0.9 0.011*

Large 147 30.6 (23.3-38.74) 7.6 (3.84-14.94) 2.6 0.000***

History of RD

No 284 10.2 (6.95-14.34) 1

Yes 292 18.8 (14.52-23.80) 2.04 (1.26-3.31) 0.5 0.004**

BCS

Good 109 6.4 (2.62-12.78) 1

Medium 351 14.2 (10.76-18.35) 2.42 (1.06-5.51) 0.035*

Poor 116 23.3 (15.93-32.03) 4.4 (1.84-10.64) 1.98 0.001**

Parity

Heifer 132 7.6 (3.69-13.49) 1

Primiparus 48 16.7 (7.48-30.22) 2.44 (0.9-6.61) 1.24 0.079

Pluriparus 140 17.1 (11.30-24.42) 2.5 (1.16-5.51) 1 0.020*

BSC: body condition score, Cl: confidence interval, OR: odds ratio, PA: peasant association, RD: respiratory

disorder, Std.Err.: standard error. Note: Number of stars describes the degree of significance

*: statistically significant (* =weekly significant, **=strong significant, ***=very strong significant)

Table2. The result of multivariate logistic regression potential risk factors of individual animal level

seroprevalence degree of association analysis

Risk factors Report of odds ratios p-value
OR (95% CI) Std. Err.

District

Sibu Sire 1

llu Galan 2.4 (1.4-4) 0.64 0.002**

Age

Young 1

Adult 2.1 (1.2-3.6) 0.58 0.009**

History of RD

No 1

Yes 1.9 (1.1-3) 0.5 0.021*

Herd size

Small 1

Medium 2.4 (1.2-5) 0.9 0.016*

Large 6.1 (3-12) 2.2 0.000***

Cl: confidence interval, OR: odds ratio, RD: respiratory disorder, Std.Err.: standard errorNote: Number of
stars describes the degree of significance. *: statistically significant (* =weekly significant, **=strong
significant, ***=very strong significant)
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Initially, univariate logistic regression was used to screen all potential risk factors for statistical
significance at (p <0.05) and variables that found statistically significant were subjected to
multivariate logistic regression analysis with forward and backward variable selection approach based
on the likelihood ratio statistic (p < 0.05). The risk factors (district, age, and history of respiratory
disorder, BCS and herd size) that statistically significant in univariable logistic regression analysis
were included in the model and analysed together. Therefore, the final multivariable logistic
regression model analysis result showed that district, age, history of respiratory disorder and herd size
were statistically significant association with CBPP seroprevalence (p < 0.05) (Table I1).

3.2.Herd Level Seroprevalence of Contagious Bovine Pleuropneumonia Across the Associated
Risk Factors

In the present study the risk factors that considered at herd level seroprevalence were district, PA,
herd size and history of respiratory health problems within the herd. The herd level CBPP seropositive
was higher in llu Gelan (67.2%) than in Sibu Sire (30%). Among, the four sampled PAs the herd level
prevalence was highest in Ale Wara llu (71%) while lowest in Cheri Jarso (30.8%). Similarly, highest
herd level seroprevalence was observed in large herd size (83.9%) while lowest in small herd size
(32.6%). Regarding to the history of occurrence of respiratory health problem, herds that encountered
history of respiratory disorder had greater prevalence (56.9%) than those hadn’t encountered (50.9%).

Univariate logistic regression analysis results showed that among herd level risk factors (district, PA,
herd size and history of respiratory problem and herd size) that considered, only district and herd size
were statically significant effect on seropositivity (p < 0.05). Such as the likelihood of cattle herds
infection with CBPP disease in llu Galan district (OR = 3.1, 95% CI: 1.43-6.64, p = 0.004) three
times more than Sibu Sire. The chance of seropositivity with CBPP disease in larger herd (OR = 10.8,
95% CI: 3.4-34), p = 0.000) ten times more likely than smaller herds (Table I1I)

Table3. Univariate logistic regression degree of association analysis of potential risk factors with herd level
seroprevalence

Risk factors Total herd % (95% CI) Report of odds ratios p-value
OR (95% CI) Std. Err.

District

Sibu Sire 55 30 (27.22-54.1) 1

llu Galan 58 67.2 (53.66-78.99) 3.1 (1.43-6.64) 1.21 0.004**

PA

Lelisa 29 48.3 (29.45-67.47) |1

Cheri Jarso 26 30.8 (14.33-51.79) |0.48 (0.16-1.44) |0.27 0.189

Wadeyi Granche 31 71 (51.96-85.78) 1.82 (0.63-5.3) 0.99 0.271

Ale Wara Ilu 27 63 (42.37-80.60) 2.62 (0.9-7.59) 1.42 0.076

Herd size

Small 31 83.9 (66.3-94.5) 1

Medium 39 53.8 (37.2-69.9) 2.4 (0.99-5.9) 1.1 0.05*

Large 43 32.6 (19.1-48-.5) 10.8 (3.4-34) 6.3 0.000***

History of RD

No 55 50.9 (37.07-64.65) |1

Yes 58 56.9 (43.23-69.84) |1.27 (0.61-2.67) |0.48 0.524

Cl: confidence interval, OR: odds ratio, PA: peasant association, RD: respiratory disorder, Std.Err.: standard
error, Note: Number of stars describes the degree of significance. *: statistically significant (* =weekly
significant, **=strong significant, ***=very strong significant)

3.3. Detection of Mycoplasma Mycoides Subsp. Mycoides Using Polymerase Chain Reaction

Out of the four seropositive animals that post-mortem examination made 2/4 (50%) had lesions of
CBPP infection. Lung tissue was encapsulated and consolidated mean separated by a network of pale
bands made thickening extensive fibrosis marbling and formed pleural adhesions, lung organ was
strongly attached to chest walls (Fig. 2), and the lung tissue became inflamed (Fig. 3)
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Fig2. (A) Contagious bovine pleuropneumonia seropositive slaughtered cow of lung organ adhesion to the chest
wall and (B) Network of pale bands and made thickening extensive fibrin or fibrosis marbling appearance of
lung tissue

Fig3. (C and D) The lung of contagious bovine pleuropneumonia seropositive young male bull slaughtered and
its lung was severely inflamed upon post-mortem examination as the picture indicates

Upon post-mortem examination while the other two lung samples were had no CBPP lesions.

Of the four seropositive samples that tested with PCR, Mmm SC antigen was detected in all
four samples (100%). Thus, the PCR test result was indicated below as Mmm.SC antigen was
detected in all sampled animals lung tissues. The amplified product that produced specific
bands with the molecular size of 260 bp was observed on agarose gel electrophoresis which
indicated the presence of Mmm DNA in the samples (positive) (Fig. 4).

M 1 2 3 4 N E P M

260bp

100bp

Fig4. Gel electrophoresis of polymerase chain reaction products of samples which yielded bacterial genomic
deoxyribonucleic acid, M (lanes 1 and 9): molecular ladder or molecular weight markers started 100 bp
(Fermentas) 1Kb, Lanes 1-4: positive field samples extracted DNA, Lane N: RNase free water (negative
control), Lane E: extraction control (negative control), Lane P: positive control, DNA: deoxyribonucleic acid
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The identification of the causative agent of CBPP using molecular method (PCR) from seropositive
animals were summarised on Table 1V.

Table4. Summary of postmortem examination and PCR result

2 S = Life animal Serum|Post mortem observation|Type of sample used|PCR- result
o « E c-ELISA result result for molecular test

o N <

4 3 Male ++ Typical CBPP lesions Lung tissue +

3 8 Male ++ No CBPP lesions Lung tissue +

2 7 Female +++ Typical CBPP lesions Lung tissue +

1 6 Female ++ No CBPP lesions Lung tissue +

4. DISCUSSION

The overall animal level seroprevalence of CBPP was (14.6%, 95% CI: 11.80-17.73) which is
comparably in agreement with the findings of various researchers who reported prevalence of 12% in
southern zone of Tigray region of Ethiopia (20), 14% in Niger state of north central Nigeria (33),
14.3% in Kajiado district of Kenya (34), 17.19% in Khartoum state of Sudan (35), and 17% in
Turkana district of Kenya (36). On the other hand, the finding of this study was higher than the results
of Gizaw (11) in Somali regional state (10.3%), Ahmed (37) in Borena (9.4%), Atnafie et al. (22) in
Bishoftu abattoir and Adama quarantine (6.85%), Alemayehu et al. (19) in Borena pastoral of Oromia
(0.4%), Kassaye and Molla (18) in export quarantine of in and around Adama (4%), Geresu et al. (24)
in Dello Mena and Sawena districts of Bale zone (6.51%), Schnier et al. (38) in south western Kenya
(9.7%), Mbengue et al. (39) in Senegal (0.43%), Mtui-Malamsha (40) in the Maasai ecosystem of
south-western Kenya (11.21%) and Zarina et al. (41) in north east states of Peninsular Malaysia
Pertanika (8%). On the contrary, it was by far much lower than the previous reports of Ebisa et al.
(21) with 31.8% in Amaro district of southern people nations and nationalities people (SNNP) region,
Mersha (23) with 28.5% in selected districts of western Oromia, Soromou et al. (42) with 21.05% in
Guinea and Suleiman et al. (43) with 30.2% in agro-pastoral areas of Nigeria.

The overall herd level seroprevalence of CBPP was (54%, 95% CI: 44.35-63.40). This overall herd
level seroprevalence is closely in agreement with the finding of Suleiman et al. (43) with 54.7% in
agro-pastoral areas of Nigeria. However, higher than the previous report of Bonnet et al. (44) with
4.6% in the Ethiopian highlands, Gizaw (11) with 30.4% in Somali regional state of Ethiopia, Zarina
et al. (41) with 17% in north east states of Peninsular Malaysia Pertanika and Alhaji and Babalobi
(33) with 47.2% in Niger state of north central Nigeria. On the other hand, the finding was lower than
the report of Mtui-Malamsha (40) with 85% in the Maasai ecosystem of south-western Kenya.

The rates of CBPP infection reported to vary from one region to another even within the region (2, 3).
CBPP occurrence is described to cover large area of the country. Different seroprevalences of CBPP
were recorded across the study districts and peasant associations such as animal level seroprevalence
was (20.1%, 95% ClI: 15.66-25.24) in llu Gelan district while (9%, 95% CI: 5.98-12.95) in Sibu Sire
(p < 0.05). Similarly, significantly higher prevalence was observed in Ale Wara llu (22.1%) PA than
Cheri Jarso (7%) PA. The present result of variation seroprevalence within closely related study
locations (districts and PAs) was in agreement with the finding of different authors such as Ebisa et
al. (21) in Amaro district of SNNP region, Mersha (23) in selected districts of western Oromia,
Teklue et al. (20) in Southern zone of Tigray region, Gizaw (11) in Somali regional state, Maritim
(36) in Turkana district of Kenya. This might indicate the presence of CBPP infection depends on
certain associated risk factors like the epidemiology of the disease, agroecology, livestock population
and movement, and different management system may be applied across the study sites such as the
presence or absence of communal grazing and watering areas within locations and the probability of
introduction new purchased animal from disease endemic area (3). Therefore, the probabilities of
animals to be infected with CBPP disease as well as with other diseases are various across locations
even it is different within similar agro-ecological locations.

There was no significant difference of CBPP seroprevalence among the sex which was (16.4%, 95%
Cl: 12.03-21.58) in male and (13.2%, 95% CI: 9.71-17.35) in female animal. This finding is in
agreement with the work done by Ebisa et al. (21) in Amaro district of SNNP region, Mersha (23) in
selected districts of western Oromia, Teklue et al. (20) in Southern zone of Tigray region of Ethiopia,
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Suleiman et al. (38) in agro-pastoral areas of Nigeria, and Alhaji and Babalobi (33) in Niger state of
north central Nigeria. Therefore, the study result agreed with Provost et al. (45) who reported sex has
not been considered as the risk factors that affecting the susceptibility of cattle to CBPP disease
infection. On the other hand, contradicted with the finding of Schnier (38) in south western Kenya and
Mtui-Malamsha (40) in the Maasai ecosystem of south western Kenya who reported statically
significant difference among sex.

Age is supposed to have some association with occurrence of CBPP disease because young or calves
become more resistant to experimental infection than adult cows (45, 46). The result of this study also
revealed there was statistically significant difference of CBPP disease among the age groups. Higher
seroprevalence was recorded in adult animals (18.1%, 95% CI: 14.14-22.63) than in young animals
(9.6%, 95% CI: 6.2-14.1). The likelihood of seropositivity of adult cattle (OR = 2.1, 95% CI: 1.24—
3.46, p =0.005) was two times more seropositive to CBPP than young cattle. This result is in
consistent with the reports of Elhassan (35) in Khartoum state of Sudan, Alhaji and Babalobi (33) in
Niger state of north central Nigeria, Mtui-Malamsha (35) in the Maasai ecosystem of south western
Kenya and Schnier et al. (38) in south western Kenya. In contrast, there are different studies that
reported insignificant associations such as Ebisa et al. (21) in Amaro district of SNNP region, Teklue
et al. (20) in southern zone of Tigray region, Mersha (23) in selected districts of western Oromia and
Suleiman et al. (43) in agro-pastoral areas of Nigeria. Calves were reported to be relatively more
resistant to infection by Mmm than adult cattle (47, 48), which may be explained by the fact that
increasing age is a surrogate measure of repeated exposure (49) and similar findings were reported
from Sudan by Zessin et al. (50) and McDermott et al. (51). Moreover, the study also agreed with
Thomson (4) who reported that factor like extremes of age may predispose to tissue invasion of CBPP
disease.

Seroprevalence of CBPP was highest in cattle with poor body condition (23.3%, 95% CI: 15.93-
32.03) as compared to cattle with medium body condition (14.2%, 95% CI: 10.76-18.35) and good
body condition (6.4%, 95% CI: 2.62-12.78). This finding is in agreement with the report of Ebisa et
al. (21), Suleiman et al. (43) and Mtui-Malamsha (35). The poor body conditioned cattle were
(OR =4.4,95% CI: 1.84-10.64, p = 0.001) four times more likely to have the CBPP compared to the
good body conditioned cattle. This could due to related to the weak protective immune response in
poor body conditioned cattle compared to good ones. Loss of body condition is one of the indications
for the presence of the infection in the animal. Mostly CBPP chronic carrier animals became
emaciated because of the clinical characteristics of the disease. Besides, animals with good body
condition have relatively good immunological response to the infectious agent than animals with
medium and poor body condition score (3). It was supposed that CBPP seropositive animals had poor
body conditions than seronegative animals; thus, the present study result confirmed the assumption.
This indirectly describes the impact of the disease associated with loss of productivity of cattle.

There was statistically significant between history of previous respiratory disorder/health problems
and seroprevalence of CBPP disease (p = 0.004). The prevalence was highest in respiratory disordered
animals (18.8%, 95% CI: 14.52-23.80) compared to cattle that had not experienced respiratory
problems (10.2%, 95% CI: 6.95-14.34). Respiratory disordered animals (OR =2.04, 95% CI: 1.26—
3.31) were two times more seropositive of CBPP disease as compared to healthy animals which in
line with the report of William and Amanfu (52) and Mtui-Malamsha (40). Among the clinical signs
of CBPP respiratory disorders like laboured painful breathing, coughing and as severity of the disease
progress lung lesions will be observed. CBPP is typically characterised by fibrinous pneumonia,
serofibrinous pleuritis, and oedema of the interlobular septa of the lungs, frequently the symptoms of
CBPP disease is associated with lung organs (53, 54). In this study the reason of higher
seroprevalence in cattle with history of respiratory disordered animal was due to the clinical
characteristics of the disease. Hence, based on the present study result, if animals were exhibited any
respiratory health problem in the study area; it could be an indication of CBPP infection.

The prevalence was highest in cattle with large herd size (30.6%, 95% CI: 23.3-38.74) as compared
to cattle with small herd size cattle (5.5%, 95% CI: 2.74-9.01). The large herd size groups (OR = 7.6,
95% ClI: 3.84-14.94, p = 0.000) were seven times more likely to have the CBPP infection compare to
the small herd size cattle groups. The finding is in line with the report of Alemayehu et al. (19) in
Borena pastoral area of Southern Ethiopia, Suleiman et al. (43) in agro-pastoral areas of Nigeria who
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reported large herd size cattle groups significantly associated with CBPP seroprevalence. Compact
grouping of herds during grazing or herding and confinement at night within small enclosures or kraal
such conditions are eminently favourable for infection of CBPP disease (45). Herds which had many
animals were more likely to be CBPP positive compared to herds with few animals. The rate of
effective contact between CBPP-infected and susceptible cattle is reported to be higher in larger herds
(47), reason for which could be explained as the contagious nature of CBPP and its direct mode of
transmission which might be increased by crowding and increased frequency of contacts as herd size
increases. Furthermore, Majekodunmi et al. (55) reported that CBPP prevalence may even be higher
in parts of predominated by pastoral systems such as nomadic and transhumant where frequently
larger herds are kept.

There is not any report on the issue of stage of parity susceptibility to CBPP disease so far. In this
study, the seroprevalence was found to be higher in Pluriparus caws (17.1%, 95% CI: 11.30-24.42) as
compared to with single parity (16.7%, 95% CI: 7.48-30.22) and heifers (7.6%, 95% CI: 3.69-13.49).
As the current result showed the likelihood of seropositivity of CBPP was increased with increased
cattle parity such as the likelihood of seropositivity with CBPP disease of multiple parity (OR = 2.5;
95% CI. 1.16-5.51, p=0.020) was 2.5 times more than heifer as well as the likelihood of
seropositivity with CBPP disease of single parity cows (OR = 2.4, 95% CI: 0.9-6.61, p = 0.079) were
2.4 times more than heifers. The reason of higher prevalence in Pluriparous could be associated with
age of animal because those multiple parity animals were older than single parity and heifers.
According to the report of Provost et al. (45), Titus (46) and Lesnoff et al. (47), heifers respond
weakly to vaccination but become more resistant to experimental infection than adult cows.

Detection of Mmm was made directly from lung tissue that sampled from seropositive animals with
the application PCR assay using the primers that specific to Mmm. Of the four animal lung tissues
sampled, only in two samples (50%) lesions of CBPP observed while the other two lung samples were
negative upon post-mortem examination; however, with PCR amplifications of the genomic DNA
results, Mmm was detected in all four samples (100%). The positive CBPP pathology was taken as a
definite mark of Mmm infection in the lungs of the animals. The absence of gross pathology was
observed in positive both serological (cELISA) and molecular (PCR) tests which in line with the
result of Bashiruddin et al. (56). However, according to the report of Bashiruddin et al. (56) the lack
of appropriate gross pathology in the presence of positive serological or other detection tests like PCR
may not be usual. The reason of absence of lesions on the two animals during post-mortem
examination could be the animals were treated with antibiotics, because antibiotic treatment is
definitively stopped the extension of lesions as the report of Thiaucourt et al. (57). In addition, Alhaji
and Babalobi (58) also reported that culturing and post-mortem diagnosis of CBPP has not always
have been successful in epidemiological surveillance especially where animals have been treated with
antibiotics which is a common practice by animal health professionals. One of the unique advantage
of PCR is the ability to detect died antigens, thus, the other probability of absence of lesion on the two
samples could be due to died antigen, because died antigen is unable to induce lesions while capable
to induce antibody production. According to the report of Bashiruddin et al. (56) detection systems
that do not rely on the viability of Mmm should be considered favourably. Collectively, PCR was the
most successful detection method from tissues samples (56, 59). Besides, this finding further validates
the application of cELISA test for diagnosis of CBPP during epidemiological study of the disease,
particularly in case of advance confirmatory diagnostic like culturing; biochemical test, molecular test
and post-mortem examination were not accessible.

5. CONCLUSIONS AND RECOMMENDATIONS

The output of this study has indicated that contagious bovine pleuropneumonia was endemic in the
study area and confirmed by serology and PCR. Out of 576 sampled animals 84 were seropositive and
an overall 14.6% seroprevalence was recorded using cELISA test and of which, 9% recorded from
Sibu Sire while 20.1% from llu Galan district. The potential risk factors like location (district), age,
history of respiratory health problem, body condition score and herd sizes were statistically significant
effect on seroprevalence of the CBPP disease. Similarly, significantly higher prevalence was observed
in multiple parity cows than heifers and in Ale Wara llu (22.1%) PA than Cheri Jarso (7%) PA. This
indicates the presence of CBPP infection depends on herd management system or animal husbandry,
and host related potential risk factors. Of the four seropositive animals that tested with PCR Mmm was
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detected in all sampled animals and the existence of the disease has been confirmed in the present
study. Therefore, based on the above conclusion the following recommendations were forwarded:

= Further investigation in wide geographical areas and large sample size using reliable tools like
molecular technique and biochemical test are needed in order to know the exact epidemiological
scenario of the disease.

= The farmers should be made aware of about CBPP disease particularly the economic importance,
transmissions methods, and controlling techniques of the disease through veterinary extension
education and possible means like media.

= The government has to apply controlling and prevention strategy of this economically devastating
disease of cattle through carry out careful herd management and control of animal movement
within community and implementing regular vaccination of animals.
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