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Abstract 
The aim of this study was to estimate the true prevalence of brucellosis in sheep population of Kashmir 

valley by using Bayesian theorem. Sero-diagnosis of Brucellosis by modified Rose Bengal Plate Test 

(mRBPT) in ovine population of Kashmir valley was conducted from April, 2014 to March 2018. A total 

of 13323 sera samples were collected from both farms (9129) and field (4239) and the apparent 

prevalence was about 20.17%. The field recorded a higher prevalence (23.44%) than the farms (18.64%). 

Employing the pre-established estimates of sensitivity and specificity of mRBPT, a comparatively true 

prevalence of the disease was established to be 21.14% by Bayesian logic. Positive predictive value 

(PPV) and Negative Predictive value (NPV) were recorded as 91% and 96%, respectively. The 

percentage of false positives and false negatives among healthy and diseased animals were 9% and 4% 

respectively, signifying about overestimation and underestimation of apparent prevalence by lower 

sensitivity of mRBPT. Before any control/surveillance strategies are thought out to do away with the 

economic impact and the hazards of zoonotic infection, a substitution or at least augmenting of 

serological techniques with molecular diagnostic procedures is a must for reducing the variation in 

prevalence estimates encountered in studies based on serological diagnostic procedures. 
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Introduction 

Brucellosis, caused by Brucella is a chronic disease of humans, domestic and wild animals. 

Brucella species are facultative, intracellular, Gram-negative bacteria with marked tropism for 

the pregnant reproductive tract of domestic animals [1]. Brucellosis is characterized by 

infertility, abortion, retained placenta, and to a lesser extent, orchitis and infection of the 

accessory sex glands like epididymitis in males [2]. Brucellosis of small ruminants is less 

widespread than bovine brucellosis, but it is more contagious [8] Brucellosis in sheep is an 

important cause of reproductive losses and is mainly caused by Brucella melitensis and 

Brucella ovis [4]. Sheep and goats brucellosis is a zoonotic infection and is prevalent in most 

countries of the world [4]. Although brucellosis has worldwide geographical distribution, it 

particularly remains an important economic and public health problem of developing countries 
[6].  

Brucellosis in human beings is caused by exposure to livestock and livestock products. 

Infection can result from direct contact with infected animals and consequently, brucellosis has 

been an occupational risk for farmers, veterinary surgeons and employees in the meat packing 

business [7, 8]. Economic impacts of Brucellosis vary depending on the main livestock species, 

management systems, and on the capacity of the country’s veterinary and medical systems. 

Middle-income countries tend to report the greatest number of outbreaks and animal losses [9]. 

In low-income countries, brucellosis is endemic and almost neglected, with large disease and 

livelihood burdens in animals and people and almost no effective control [9, 11, 12].  

Kashmir Valley having favourable agro-climatic conditions and other natural endowments 

including rich alpine pastures made the sheep rearing as the core activity of rural masses from 

the times immemorial. This sector plays a vital role in the socio-economic upliftment of the 

weaker sections of the society. However, certain constraints especially related to disease 

prevention and control has slowed this sector as a tool for socio-economic development in 

rural areas. Among the diseases, brucellosis has been emerging as a serious concern in last few 

years in Kashmir. Frequentist methods have traditionally been used for brucellosis surveys in 

sheep population of Valley [13-15].  
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However, in recent years applications of Bayesian methods 

for the statistical analysis of veterinary epidemiologic data for 

finding true prevalence of disease status have increased [15-21]. 

Bayesian statistical analysis of prevalence data is appealing 

because it formally incorporates previously-collected 

prevalence data and expert elicited information into current 

calculations [21]. Therefore, present study was undertaken to 

estimate true prevalence status of brucellosis in sheep 

population of Kashmir Valley by using Bayesian Theorem. 

 

Material and Methods 

Area of Study: The samples were collected from both the 

farms and the field across all the districts of Kashmir valley, 

North, South and centre falling between the geographical co-

ordinates (33 030'28'N, 75012'31'E to 340 06' 13'N, 

75054'15'E). The study area ran across a distance of about 

92.18 Km with plains, hills, recesses, forests, rivers, lakes, 

wetlands, swamps, pastures. With average annual temperature 

of 13.60, the area receives an average rainfall of 693nm. The 

study was carried out through the period from April, 2014 to 

March, 2018. As the flocks sampled are widely distributed 

across the length and breadth of the valley, a good deal of 

randomness was expected. A total of 13368 Sheep serum 

samples were randomly collected from both organized and 

unorganized sectors. A total of 9129 and 4239 sera samples of 

crossbred sheep were collected respectively from the 

organized (farms) and the unorganized (field) sectors of 

Kashmir valley.  

 

Collection of Samples: About 3–5 ml of blood samples were 

collected from jugular vein of each animal in sterile plain 

vacutainer tubes. The blood samples were kept in a slanting 

position overnight at room temperature to separate the serum 

and the clotted red blood cells according to OIE [22]. All these 

samples were collected from unvaccinated animals. 

 

Examination of Samples: The examination of samples was 

done in Disease Investigation Laboratory (Department of 

Sheep Husbandry) Nowshera, Srinagar (Kashmir). All serum 

samples were screened for brucellosis by modified Rose 

Bengal Plate Test (mRBPT) and interpreted according to the 

standard procedure by Blasco et al. (1994) [23], mixing 75μl of 

sera and 25μl of the antigen. The plates were shaken for 4 min 

and any agglutination that appeared within this time was 

recorded as positive reaction. The reagent/antigen used in this 

study was procured from ICAR-Indian Veterinary Research 

Institute, Izzatnagar, Uttar Pradesh 

 

Statistical Analysis. The data was presented in terms of 

percentage/frequency. Chi square test was used for 

comparisons between different percentage groups. For all 

statistical procedures a value of P<0.05 was considered 

significant. 

 

Results and Discussion 

For serological screening of livestock modified Rose Bengal 

Plate Test (mRBPT) was employed. The test is easy and 

simple to carry out, and doesn’t need any special laboratory 

facilities (Ferreira et al., 2013). An over-all apparent sero-

prevalance of 20.17% was recorded (Table 1). More or less 

similar results were recorded by various authors [25, 26]. The 

field recorded a higher prevalence (23.44%) though non-

significantly than the farms (18.64%) (Table 1). These 

findings are in agreement with earlier studies [13, 14]. The 

difference may be attributed to the mixing of field livestock in 

large numbers at highland pastures, the reluctance to cull the 

affected animals, lack of routine screening of livestock, 

common highland pastures for large and small ruminants, 

trafficking of sero-positive animals from the lowlands of 

Punjab and Haryana, taboo associated with slaughter of cows 

(infected or healthy).  

A sudden dip in prevalence in the year 2015-16 (table 2) can 

be attributed to the early downward migration of livestock 

following the record rainfall of about 177mm in just one week 

in early September-2014. The early downward migration of 

livestock from the highland pastures reduced the contact time 

between the healthy and the infected animals reared together 

in large flocks at highlands. The high rainfall further washed 

the pastures (both lowland and the highland) clean, which 

might have a bearing on the reduced prevalence recorded the 

following year. 

Lack of knowledge of, or disregard for test errors (false 

positives and negatives) can lead to inaccurate sample size 

calculations for surveys, misclassification of diseased and 

non-diseased states, and biased estimates of measures of 

effect in risk factor studies [27]. All of these negatively impact 

disease surveillance, control and eradication programs, and 

consequently animal trade. This is where Bayesian Logic 

turns out to be useful tool as compared to frequency method 

traditionally adopted [28-31]. Employing Bayes' theorem, the 

test results of four years from 2014 to 2018 were converted 

into the real probability events and are presented in table 3. 

Employing the pre-established estimates of diagnostic 

sensitivity (86.7%) and specificity (97.6%) of mRBPT, a 

comparatively true prevalence of the disease was established 

to be 21.14%. The positive predictive value (PPV) of about 

91% signifies about 9% false positive reactions among 

positive samples so tested. This percentage even though 

negative finds a way in calculation of apparent prevalence, is 

basically overestimating the actual prevalence. Similarly 

negative predictive value (NPV) of about 96% is indicative of 

the large number of hidden false negatives (4%) among 

diseased animals that effectively make any test and cull or test 

and slaughter policy in-effective. False negatives are basically 

underestimating the value of true prevalence and about 4 % of 

the routine test negatives in diseased animals gives rise to the 

worst case scenario when the bulk of the of the population is 

taken into account. This makes a huge difference in sustaining 

the disease and the organism in the population. These hidden 

cases act as a perpetual source of infection for times to come. 

Since false negatives are inversely related to sensitivity of a 

diagnostic test, an argument favoring the use of molecular 

diagnostic procedures either solely or in conjunction with the 

serological tests comes up easily. It can be done away with by 

either replicating the testing trial or substituting or 

complimenting the test with some other standard test, MAT, 

iELISA, or more advanced molecular diagnostic procedures 

in this case.  

 

Conclusion  
Prevalence of Brucellosis in sheep in Kashmir valley makes it 

an important zoonosis. The lower sensitivity of mRBPT 

necessitates employing of other serological tests in diagnosis 

of the disease. Substitution or at least augmenting of 

serological techniques with molecular diagnostic procedures 

is a must for reducing the variation in prevalence estimates 

encountered in serological diagnostic procedures before any 

control/surveillance strategies are thought out to do away with 

the economic impact and the hazards of zoonotic infection. 
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Table 1: Prevalence of Ovine Brucellosis in sheep Population of Kashmir Valley based on mRBPT test. 

  

Sector Sample Size mRBPT+ Apparent Prevelance (%) 

Organized Sector 9129 1702 18.64a 

Unorganized Sector 4239 994 23.44a 

Total 13368 2696 20.17a 

 Percentage values with at least common superscript do not differ significantly at 5% (P\0.05) 

 
Table 2: Year-wise prevalence of brucellosis in Organized and Unorganized sheep sectors of Kashmir Valley 

 

Period of study/Year 
Organized Sector/farms Unorganized Sector/field 

Total Apparent Prevelance (%) 
Sample Size mRBPT + Sample Size mRBPT+ 

2014-15 1442 119 779 200 14.36a 

2015-16 3020 654 517 158 22.95a 

2016-17 1651 372 832 129 20.17a 

2017-18 3016 557 2111 507 20.75a 

Percentage values with at least common superscript do not differ significantly at 5% (P\0.05) 

 
Table 3: Partitioning of values as per Bayesian Logic by taking sensitivity and specificity of test as 86.7% and 97.6% respectively. 

 

Test Results Brucellosis No Brucellosis Total 

RBPT+ 2449 (True Positive) (x) 247 (False Positive) (z) 2696 

RBPT- 377 (False Negative) (u) 10295 (True Negative) (y) 10672 

Total 2826 10542 13368 

Apparent   Prevalence= True Positive + False Positive/ Total Sample=2696/13368=20.17 

Sensitivity= x/u+x=86.7%=0.867 

1/Sensitivity=u+x/x=1+u/x   »1/0.867=1+u/x   » u=0.154x 

 

Specificity= y/y+z=97.6%=0.976 

1/specificity=y+z/y=1+z/y  »1/0.976=1+z/y » z=0.024y   » y= 41.7z 

Given  x+z=2696  » x=2696-z 

Also u+y=10672  » 0.154x+41.7z=10672 » 0.154 (2696-z)+41.7z =10672  

» z=247    » x=2696-z=2696-247=2449  

Since u=0.154x    »u=0.154×2449=377 Also, y=10672-u=10672-377=10, 295 

 

True Prevelance= True Positive+False Negative/Total Sample=2826/13368=21.14 

 

Baye’s Theorem 

Positive Predictive Value (PPV) 

 

P(D+/T+) =   P(T+/D+)P(D+)  =   True Positives 

P(T+/D+) P(D+)+P(T+/D-)P(D-)  True Positives + False Positives 

 

=   Sensitivity×Prevelance 

                     (Sensitivity×Prevelance) + [(1-specificity)× (1-Prevelance)] 

 

=   0.867×0.2017 

(0.867×0.2017) + [(1-0.976)× (1-0.2017)] 

 

=   91% (Approx)  

 

Negative Predictive Value (NPV) 

P(D-/T- ) =   P(T-/D-)P(D-)  =  True Negatives 

P(T-/D-) P(D-)+P(T-/D+)P(D+)  True Negatives +False Negatives 

 

= Specificity× (1-Prevelance) 

[(specificity)× (1-Prevelance)] + [(1- Sensitivity) × Prevalence] 

 

=  0.976× (1-0.2017) 

[(0.976)× (1-0.2017)] +[( 1-0.867)×0.2017] 

 

=   96% (Approx) 

 

Note: Rounding off numbers is used both for the calculations and the data recording. 
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