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Abstract

Economic losses due outbreak of Johne’s disease in a dairy farm consisting of high yielding Holstein Frisian (H/F) cows and located in the Alwar district of Rajasthan were recorded. On the basis of clinical symptoms [loss in body condition, drop in milk production (from 30 to 2 litres per day), forced culling, infertility and untimely deaths] and necropsy findings, the consulting veterinarian suspected outbreak of JD and the disease was confirmed by screening of 30.0% cows [fecal microscopy (68.5%), indigenous ELISA kit (92.3% in serum and 60.8% in milk) and 35.7% in IS900 blood PCR. Losses due to culling, mortality and reduced productivity (infertility, stunted growth etc.) were analyzed and quantified. Heifers in growing age exhibited weakness, stunting and onset of first heat was delayed. Delayed breeding and reduced fertility (repeat breeding and no conception), caused losses to the tune of Rs 1,63,800.0 in 180 days. Losses due to deaths of weak and JD affected cows and culling of weak and emaciated cows caused losses to the tune of Rs 1,05,000.0 and Rs. 1,67,000.0, respectively. Losses due to MAP infection in milk production were estimated at Rs 54,442.5 per cow / year. High yielding H/F cows were susceptible to MAP infection and suffered with outbreak of JD. Disease being endemic per animal productivity of our domestic livestock is very low, therefore it is essential to estimate production losses at National level so that control programs may be initiated at the earliest. 
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Introduction
Mycobacterium avium subspecies paratuberculosis (MAP), the cause of Johne’s disease (JD) is a highly pathogenic mycobacteria mainly affecting dairy cattle and other domestic ruminants globally (Boelaert et al 2000, Gasteiner et al 1999, Muskens et al 2000, Singh et al 2008, Singh et al 2013a and 2014a). MAP is a chronic, progressive, granulomatous infection of high yielding Holstein Friesian (H/F) cows result in increased culling (Benedictus et al 1987, Tiwari et al 2005) decreased milk yield (Benedictus et al 1987, Tiwari et al 2007), higher death rates (Kreeger 1991) and increased susceptibility to other infections (Tiwari et al 2009). MAP besides causing major losses in high producing dairy farms has also been associated with number of human diseases. Naturally infected cows exhibit clinical signs such as diarrhoea which is continuous and weight loss. Both clinical and asymptomatic animals shed large number of bacilli in feces and milk (Sweeney et al 1992, Streeter et al 1995, Slana et al 2009, Singh et al 2014a). Colostrum and milk fed to new born calves is important source of transmission of MAP to next generation and human population (Grant 2003, Ayele et al 2001, Slana et al 2008). Though, calves become infected soon after birth due to higher susceptibility to MAP during first year of life, however  clinical symptoms appear later (2 to 6 years of age). Calves may get infected during pregnancy (in utero) from their asymptomatic mother (Buergelt et al 2006). Control of MAP is severely hampered due to lack of indigenous diagnostics and vaccines. Commercially available test kits are either costly or poorly sensitive (Singh et al., 2007). Therefore effective control program are warranted to stop transmission of disease and reduce economic losses. 
Several studies in western countries reported economic losses due to MAP infection (Tiwari et al 2008, Benedictus et al 1987,Tiwari et al 2005). These studies mostly estimated losses based on reduction in milk yield and increased culling and mortality (Tiwari et al 2005, Tiwari et al 2007, Kreeger 1991). However, in India though JD is endemic in dairy farms (Singh et al., 2013b, Singh et al., 2014b), however reports on economic losses are few. Present study is maiden attempt to estimate economic losses in natural outbreak of MAP infection in a high yielding Holstein Frisian dairy farm in India. 
2. Material and Methods 
2.1 History of Yadu dairy farm: 
A dairy farm consisting of Holstein Frisian (H/F) breed of cows was established in June 2011 purely as commercial venture in village Dalapur (PO- Shahpur) of Alwar district in Rajasthan state of India by purchasing 10 adults cows and 10 calves from different regions of the country. Cows were bred using semen of H/F bulls from a semen bank at Bassi in Jaipur to maintain high yielding status of cows. Farmer depended on the dairy farm for his livelihood. At the time of outbreak of Johne’s disease, the strength of cows in dairy farm was 71 [19 (0-18 m), 11 (18-30 m) and 41 (>30 m)]. Nine calves (2-11 m of age) died showing symptoms of weakness without diarrhoea, except one calf which had diarrhea along with weakness. Clinically cows were unthrifty and poor in body condition and suffered with problems of weight loss and weakness without diarrhea along with reduced milk production during our first visit to dairy farm in October, 2013 to investigate the problem. Screening of fecal, blood, serum and milk samples of 35 cows (26 adult and 9 calves) showed, 68.5, 92.3, 40.8 and 35.7% animals positive for Mycobacterium avium subspecies paratuberculosis infection using fecal microscopy, serum ELISA, milk ELISA and IS900 blood PCR, respectively (Singh et al., 2014b).
2.2 Animal records 
Data from the Yadu commercial dairy farm was collected and analyzed by personal visits to the farm. Nine calves (2-12 m of age) poor in physical condition suffered with diarrhea and four calves were culled. Culled cows were non-lactating, poor in physical condition, and suffered with diarrhea. All of the suspected cows were randomly sampled by multiple diagnostic tests (microscopy, ELISA, and IS900 PCR) against MAP infection. Cows clinically exhibiting symptoms of JD and positive in laboratory tests (fecal microscopy, ELISA in serum and milk, Blood IS900 PCR) were consider positive.     
2.3 Nutritional Status and Management of Animals


   Cows were maintained under optimum nutrition under intensive management system and were provided cultivated green fodder, conserved forage, crop residues and concentrates with hygienic condition. Cows were provided protection against extreme cold and hot weather. 

2.4 Health and breeding management of cows


Farm was under consultancy of experienced and qualified doctors from Department of Animal  Husbandry, Rajasthan. Cows were given regular vaccination (Foot and Mouth Disease, Haemorrhagic Septicaemia), deworming and anti-ecto-parasiticides and individual cows, as and when sick were treated.   Cows were artificially inseminated (100.0%) by H/F semen from semen bank at Bassi, Jaipur, Rajasthan.

2.5 Economic profile of dairy farm before infection
2.5. 1: Milk production
Milk yield of cows before and after outbreak of Johne’s disease was recorded. Healthy cows with no clinical sign were producing good yield of milk at first parity after establishment of dairy farm. However in next parity the lactating cows lost more than 40% milk yield in one month of period when compared with previous lactation. Losses in milk was more cows with clinical sign JD was suspected by veterinary practitioner and confirmed by diagnostic tests. 
2.5. 2: Profile of losses after JD outbreak 
Losses due to outbreak of JD were estimated in 31 lactating cows. In previous lactation before JD outbreak was average total milk yield was 407 litre / day and with average milk price (INR 25.50/Litre) Alwar district of (Rajasthan). Parameters such as number of cows, milk yield and costs were treated as fixed value, therefore losses associated with MAP outbreak were estimated precisely across the herd. Effect of MAP sero-prevalence showed a co-relation between MAP infection and milk production (Tiwari et al 2007) and statistically significant reduction in milk yield was observed after JD outbreak in dairy cows. Average reduction in milk yield was approximately 7 litres / cow / day in 305 days of lactation. 
2.5. 3: Mortality
Five percent mortality was recorded in cows and was higher in JD positive cows as compared to JD negative cows. Gross symptoms e.g., thickening of intestinal mucosa and enlargement of lymph nodes was notices veterinary practitioner. Cost of cows at the time of death was taken as equivalent to the cost of replacement of the cow. The carcass value was zero of dead cows. Replacement cost of a healthy cow averaged approximately Rs 40,000.0 per cow in Rajasthan as per the owner of the dairy farm. The mortality losses with in the herd estimated by multiplying together other parameters as pre-defined.       
2.5. 4: Forced culling 
Cows detected positive for MAP were removed from herd to protect others cows from infection. Forced culling due to MAP infection was 9% in the farm. Average replacement value of the cows was taken as the slaughter value of culled cows though officially cow slaughter is banned in India.  

2.5. 5: Reproductive losses

The herd reproductive losses were estimated on the basis of increased conception duration as normal conception 24 months of age of HF cows. The present study observed that 7 cows infected with MAP were >30 months of age and were neither conceived nor showing the symptoms of heat. Thus, the increased duration together with herd size, the increased calving interval and the cost of a daily management     during increased calving interval estimate the reproductive losses, including extra maintenance of animal’s treatment and management.  
2.6 Statistical Analyses 

Unpaired t test was used to compare milk yield per month of the infected animals and healthy controls. Value p<0.05 was considered statistically significant.

3. Results
Outbreak of Johne’s disease was confirmed by screening of 30.0% cows by fecal microscopy (68.5%), indigenous ELISA kit (92.3% in serum and 60.8% in milk) and 35.7% in IS900 blood PCR. Irrespective of parity, each cow positives for MAP infection showed significant reduction up to 7 litres /day in milk yield (p<0.05) as compared to healthy cows.  Reduction in milk yield was recorded after three weeks of calving.
Average milk production of the dairy herd was (407 litres / day) which was reduced to 183 litres / day after the outbreak of JD. A decline of 224 litres /day was recorded in milk production of dairy herd (Table 1) and in terms of value the losses were calculated Rs 54,442.5 /cow/year (305 days of lactation). Economic losses associated with lactating cows were estimated by multiplying the average daily loss of 7 litres of milk / cow in 305 days of lactation with the cost of milk (Rs 25.50 / litre). Cows negative for MAP infection did not show significant (p>0.05) reduction in milk production. Infected cows showed significant reduction (<0.05) in milk yield in the lactation except first month of lactation as compared to healthy cows (Figure 1).
Of the total losses Rs. 16, 87, 977.5 due to JD outbreak in the dairy farm, losses due to reduction in milk yield were 74.0% (Rs. 12,52,177.5) annually. However, losses due to culling were 9.8% (Rs.1,67,000.0) on yearly basis (Table 2 and 5). Similarly annual losses due to mortality and reproductive disorders were 6.2% (Rs. 1,05,000.0) and 9.7 % (Rs. 1,63,800.0), respectively (Table 3 and 5). 

4. Discussion 
Percent losses due to mortality and culling in MAP infected cows (sero-positive and endemic) have been documented earlier (Singh et al 2014), however, economic values of the losses have not been studied in the Indian dairy industry. Clinically early symptoms of Johne’s disease are not visible since the incubation period is long and variable (Tiwari et al 2005), therefore clinical diagnosis of disease difficult consequently disease continues to spread and and gain in severity. This biological complexity leads to increase in MAP infection and economic losses. Benedictus et al (1987) reported that milk yield of MAP infection animals was affected and milk production was reduced approximately 6% in MAP infected cows at second and third parity.  Reduction in milk up to 16.0% has also been reported in cows infected with MAP and confirmed histo-pathologically. Similarly, Abbas et al (1983) reported 15.0% reduction in milk yield in sub-clinically infected animals as compared MAP negative animals and 4% reduction in milk yield was reported in sero-positive animals as compared with sero-negative animals. In contrast, Buergelt et al, reported no significant reduction in milk yield in culled, asymptomatic, histo-pathologically and fecal-culture positive cows (Buergelt et al 1978)  as well as ELISA positive as compared with ELISA negative cows (Johnson et al 2001).  
In the present study marked reduction in milk yield was recorded in those cows that exhibited clinical signs characteristic of Johne’s diseases and were positive for MAP infection in ELISA and further confirmed by PCR as compared to healthy cows. The attack of MAP infection in high yielding cows led to progressive emaciation, decrease in milk production, increase incidence of infertility and mortality rate causing huge economic losses to herd owner. Usually large ruminants infected with JD exhibit symptoms of diarrhoea, which is not treatable, however in the present outbreak of JD, cows suffered from weight loss, weakness and emaciation without diarrhoea except one cow. MAP infected cows exhibited decreasing trends in milk production and there was significant (p<0.05) drop in milk yield at every month of lactation period, except first month of lactation of the dairy herd (Figure 1). Average reduction in milk production was recorded up to 7 litres/day/cow. There was economic loss in milk production to the tune of Rs 54,442.5 per cow annually. Tiwari et al., (2008) reported similar   losses ($2992 annually or $49/cow and $409/seropositive cow) in Canadian dairy herds. Another study reported economic losses in milk production and the losses in milk yield increased with increasing parity and in ELISA positive and AFB positive cows (Beaudeau et al 2007). 

Besides losses in milk production, losses were also estimated due forced culling,  increase in infertility and mortality in cows. Four cows were culled due to attack of JD in one year period in the dairy herd. Average economic losses were calculated INR 1,67000 (9.8%) due to the culling of MAP positive animals in a year. Similarly, another studies has reported economic losses on by culled in MAP positive animals (Tiwari et al 2008, Wilson et al 1993).  Therefore, MAP may be a possible factor to increasing culled rate in Indian dairy herds and may help in culling decision (Beaudeau et al 2007). In the present study average economic losses due to infertility and reproductive disorders were calculated to the tune of Rs. 1,63,800.0 (9.7%) of the total economic losses to dairy herd including extra medical maintenance (Table 5). Other workers also reported economic losses due to infertility. Ifearulundu et al (2000) reported MAP infected animals appeared progressive emaciated and diarrhoeic coupled with weakness, heat cycle was disturbed which may not be reflected immediately but result in increased infertility.  In addition, mortality due to MAP infection also increased economic losses. Mortality risk among dairy herds in MAP positive cows in the present outbreak were recorded at >9% in an year. Similarly, Singh et al 2014 reported mortality rates of >9% in suspected and confirmed cases of JD in Indian goatherds and sheep flocks. In the present study losses due to mortality was calculated  as Rs 1,05,000.0 (6.2%) of the total economic losses in the dairy herd due to outbreak of JD. Similarly Tiwari et al., in 2008 reported 3.0% higher  mortality rate in MAP infected animals.
Present study estimated economic losses due to outbreak of JD in a dairy herd consisting of high yielding H/F cows. Economic losses were calculated on the basis of direct losses (reduction in milk production, increase in cases of infertility and mortality and forced culling of cows). Indirect losses at microlevel if calculated will reveal the actual economic value of the outbreak due to JD and due to endemicity of disease in Indian herds and flocks. The calculated total losses (Rs. 16,87,977.5) were very high therefore monitoring of dairy farms and initiation of JD control programs are immediately required to sustain dairy industry at National level in India.   
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Table 1 – Losses in milk production due to outbreak of Johne’s disease in a H/F dairy farm, Alwar (Rajasthan)  

	Cows in-milk

(Mar 2013 to Feb., 2014)

N
	Per day ‘average milk production’ of 31 cows (in litres)

	
	Before outbreak
(Mar., 2013 to Aug., 2013
	After outbreak 
(Sept., 2013 to Feb., 2014)
	Total reduction 
(Mar., 2013 to Feb., 2014)

	31

 
	407±24
	183±17
	224±17


H/F- Holstein Frisian cows, 31 cows includes 8 apparently healthy and 23 MAP infected cows.    
Table-2:  Losses caused by forced culling of un-productive cows due to outbreak of Johne’s disease  

	Sn
	Cows id / age

(in yrs)*
	Physical profile
	Parturition
	Previous lactation
	Peak lactation 

	
	
	
	Date / Parity
	Peak milk yield

(in lits)
	Period

(in months)
	Cost of cows (in rupees)

	1
	12 / 5
	Extremely weak
	Dec 2012 / 1st
	20
	3
	45,000.0

	2
	17 / 9
	do
	Nov 2012 / 6th
	24
	5
	42,000.0

	3
	19 / 8
	do
	Aug 2012 / 5th
	25
	4
	50.000.0

	4
	32 / 5
	do 
	Nov 2012 / 2nd
	12
	5
	30,000.0

	
	
	
	
	
	Total
	1, 67,000.0


*All 4 cows sero-positive for MAP infection.

Table - 3:  Losses in dairy cows caused by mortality (>9%) due to Johne’s disease 

	Sn
	Cows id / age (in months)
	Physical & clinical profile
	Cost of healthy calves 

(in rupees)

	1
	4b / 11
	Extremely  weak
	10,000.0

	2
	8b / 8
	Extremely  weak
	12,000.0

	3
	12b / 20
	Extremely  weak
	10,000.0

	4
	26a / 5
	Extremely weak, Tympanitis
	13,000.0

	5
	27b / 10
	Extremely weak, Tympanitis
	15,000.0

	6
	32a / 8
	Weak, Tympanitis
	10,000.0

	7
	9a / 4
	Extremely  weak
	8,000.0

	8
	12a  / 9 
	Extremely  weak
	15,000.0

	9
	33b / 7
	Weak
	12,000.0

	
	
	Total losses
	1,05,000.0


Table 4- Losses caused by infertility due to Johne’s disease in dairy cows

	Sn 
	Breed
	Age groups (Months)
	Healthy / total cows
	Concep-

tion 
	Losses in rupees

	
	
	
	
	
	Per cow / day*
	Per day


	Total**

	1
	H / F
	0 -18
	5 / 19
	No
	100.0
	100 X 19=1900
	-

	2
	H / F
	18 - 30
	3 / 11


	No
	130.0
	130 X 11=1430
	7X130x180

=1,63,800


*Medicine + Feed +Labour Cost 

** Of total 30 cows, 7 were above 24 months old and did not conceive in normal time (at 24 months) even up to 30 months, despite extra ration and regular feed in take cows did not conceive adding to losses in last 6 months.  

Mar., 2013 to Feb., 2014
Table 5 - Cumulative losses due to reduced productivity in clinically affected and cows sero-positive for MAP infection in a year (Mar., 2013 to Feb.,2014)
	
	Losses due to reduced productivity

	Causes of losses
	Affected cows (n)
	Losses / cow 

in Rupees
	Total losses

in Rupees*
	Percent (%)

Losses **

	1. Reduction in milk yield (liters)
	23
	54,442.5
	12,52,177.5
	74.0

	2. Mortality
	9
	11,666.6
	1,05,000.0
	6.2

	3. Culling
	4
	41,750.0
	1,67,000.0
	9.8

	4. Infertility 
	7
	23,400.0
	1,63,800.0
	9.7

	Total losses 
	
	16,87,977.5
	


* Total losses – Losses per cow X number of affected cows

** Percent losses per from the total losses 
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Figure 1-  Losses in milk yield of MAP affected cows. Affected cows showing lowered milk yield (<0.05) in a lactation except first month of lactating as compared healthy animals (n=9). 
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