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Abstract  46 

This study compares the perceptions of producers and veterinarians on the economic 47 

impacts of Mycobacterium avium subspecies paratuberculosis (MAP) infection in cow-calf 48 

herds. Questionnaires were mailed to beef producers through the Designated Johne’s 49 

Coordinators and to veterinarians belonging to a nationwide professional organization. Important 50 

components of losses associated with MAP infected cows were used to estimate total loss per 51 

infected cow-year using an iterative approach based on collected survey data. Veterinarians were 52 

more likely to perceive a lower calving percentage in MAP infected cows compared to producers 53 

(P=0.02). Income lost due to the presence of Johne’s disease (JD) in an infected cattle herd was 54 

perceived to be higher by veterinarians (P<0.01). Compared to veterinarians without JD 55 

certification, seedstock producers were more likely to perceive genetic losses due to culling cows 56 

positive for MAP (P<0.01). There were mixed opinions regarding the magnitude of lowered 57 

weaning weight in calves from infected cows and perceived differences in risk of other diseases 58 

or conditions in infected cows. An annual loss of $235 (95% CR: $89 to $457) for each infected 59 

animal was estimated based on information from the producer survey. The analogous estimate 60 

using information inputs from veterinarians was $250 ($82 to $486). Mean annual loss due to JD 61 

in a 100 cow herd with a 7% true prevalence was $1,644 ($625 to $3,250) based on information 62 

provided by producers. Similarly, mean annual loss based on information collected from 63 

veterinarians was $1,747 ($575 to $3,375). 64 
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1. Introduction 70 

Johne’s disease (JD), or paratuberculosis, caused by infection with Mycobacterium avium 71 

subsp. paratuberculosis (MAP) is a disease of worldwide economic importance (Johnson-72 

Ifearulundu et al., 1999; Harris and Barletta, 2001). Infection with MAP causes reduced production 73 

in dairy herds (Ott et al., 1999; Harris and Barletta, 2001; Tiwari et al., 2008; Raizman et al., 2009). 74 

Mortalities and sale of underweight infected cows represent a loss of revenue for beef producers and 75 

may have negative impacts on the reputation of seedstock producers (Roussel, 2011). There are 76 

negative impacts related to regulatory and ethical issues (Rossiter and Burhans, 1996) as well as 77 

legal liabilities for the sale of an infected cow, contamination of land, and breeding animals from 78 

infected herds (Kennedy and Allworth, 2000). 79 

The National Animal Health Monitoring System (NAHMS) periodically evaluates producer 80 

attitudes and knowledge of JD as well as use of management practices related to herd biosecurity 81 

(NAHMS, 1994, 1999, 2010). A  NAHMS study on beef in 1997 estimated that 92 percent of beef 82 

producers were either unaware of JD or only recognized the name (NAHMS, 1999) and a more 83 

recent study in 2007-08 found that 69% of beef producers were either unaware of JD or only 84 

recognized the name (NAHMS, 2010). The United States Voluntary Bovine JD Control Program 85 

(VBJDCP) was created in 2002 to provide minimum national standards for the control of JD  and to 86 

educate veterinarians and producers regarding management, prevention and control of JD  87 

(VBJDCP, 2002).  Beef producers with herds having low risk of JD (level 4) in the US Voluntary 88 

Bovine Johne's Disease Control Program (VBJDCP) believe that a control program becomes 89 

economically beneficial as it progresses (Benjamin et al., 2009). A total of 59% of producers and 90 

50% of veterinarians in Texas believed that losses in beef production due to JD are substantial 91 



(Benjamin et al., 2010).  However, only 25% of producers with JD low-risk herds perceived a 92 

significant benefit of participation in control programs (Benjamin et al., 2009).  93 

Data to estimate losses from JD in the US beef herds are limited. Bovine JD can cause herd-94 

level losses even in the absence of clinical disease (Benedictus et al., 1987; Johnson-Ifearulundu et 95 

al., 1999; Johnson-Ifearulundu et al., 2000; Gonda et al., 2007). Veterinarians presumably influence 96 

opinions of producers regarding the estimation of JD associated costs, testing and other control 97 

measures (Benjamin et al., 2010).  The purpose of this study was to describe and compare the 98 

perceptions of producers and veterinarians related to economic impacts of MAP infection in beef 99 

cow-calf herds using responses from mailed questionnaire surveys.  100 

 101 

2. Materials and Methods 102 

The study protocol was approved by the Institutional Review Board at Texas A&M 103 

University (protocol number 2010-06666).  104 

 105 

2.1. Questionnaire development  106 

The beef producer questionnaire contained 31 questions with applicable sub-questions in 107 

three major sections. The first section considered general herd information.  The second section 108 

included questions about disease burden, perceived losses and differences between the 109 

productivity of MAP infected and non-infected cattle, possible costs associated with 110 

implementing control programs, facility upgrades deemed necessary for testing, and herd health 111 

management.  The final section included questions related to activities for the control of MAP 112 

transmission.  113 

The majority of questions for the veterinarian questionnaire were designed to be 114 

comparable to those in the producer questionnaire. There were three major sections with 35 main 115 



questions with some sub-questions, and two open ended questions for explanations related to 116 

preceding questions. The first section considered general demographic information including 117 

type and size of the veterinary practice.  The second part was related to estimating disease 118 

burden in practice clientele herds, perceived losses, and differences between the productivity of 119 

MAP infected and non-infected cattle. The final section included questions related to control of 120 

MAP transmission in client herds. The veterinarian questionnaire was pre-tested by 121 

administration to bovine practitioners in the listserv of a professional veterinary organization via 122 

the internet and revised based on the responses and comments.  123 

Both questionnaires utilized a combination of free numerical or text responses, 5-124 

category Likert scales, dichotomies (yes/no), and multiple choice questions. Both questionnaires 125 

were designed to be completed within 30 minutes. All questionnaires were printed in booklet 126 

form with a page containing survey information, rights of the respondents, and ethical approval. 127 

The questionnaire packet also included a cover letter that described the purpose of the 128 

questionnaire and was signed by two of the investigators (BB and AR).  Guidelines for 129 

completing the questionnaire were explained in the cover letter and information sheet.  130 

 131 

2.2. Questionnaire administration 132 

Questionnaires were mailed during November and December, 2010 to all beef producers 133 

that had risk assessments performed and herd management plans developed for JD.  Participants 134 

were contacted by the Designated Johne’s Coordinators (DJC) of the 9 states in the USA (FL, 135 

GA, IA, MO, ND, SC, SD, WI, WV), who were willing to send the study questionnaires to the 136 

producers in their respective states. All eligible participants were selected to receive the 137 

questionnaire. A personal cover letter from the State DJCs was included with the questionnaire 138 



booklet. Introductory letters prior to the questionnaire, incentives and reminders were not sent to 139 

producers because information concerning questionnaire recipients was not disclosed to 140 

investigators.  141 

Veterinarians with active membership in a US professional veterinary organization who 142 

listed “bovine” as one of their practice types as of July 2011 served as the sampling frame. All 143 

listed veterinarians satisfying the inclusion criteria from the same 9 states used for the producer 144 

survey were contacted. Questionnaires were uniquely coded to protect confidentiality. 145 

Veterinarians were contacted with an introductory letter 12 days prior to the mailing of 146 

questionnaires.  Reminder post-cards were mailed 8 days after the questionnaire. A business 147 

reply envelope and a $2 bill were included in each questionnaire packet as an incentive to 148 

improve response proportions (Bhattarai and Fosgate, 2010). 149 

2.3 Analysis 150 

Responses from the completed questionnaires were recorded using SelectSurvey 151 

(ClassApps.com, 2006, SelectSurvey.NET 1.5.1) on a secure server located at the College of 152 

Veterinary Medicine and Biomedical Sciences, Texas A&M University. Unsolicited personal 153 

information revealed by some producers in free text comments were not recorded in the 154 

database. Data were downloaded and analyzed using Stata® version 11.2 (StataCorp., College 155 

Station, TX) and  OpenEpi (Dean et al., 2011).  Descriptive statistics were stratified by 156 

veterinarians and producers. Statistical analysis was performed with categories of respondents: 157 

veterinarians with and without JD certification, seedstock producers, commercial cow-calf 158 

producers, and producers with both seedstock and commercial cow-calf operations. Continuous 159 

outcomes were reported with the mean, minimum, median, and maximum. Wilcoxon rank-sum 160 

tests were used to compare continuous variables that were not normally distributed based on the 161 



Shapiro–Wilk test. Associations between categorical exposures and outcomes were evaluated 162 

using chi-square tests. Beliefs concerning risks of disease and categorical responses related to 163 

economic metrics were evaluated among producers and veterinarians using odds ratios. Crude 164 

and adjusted odds ratios were calculated for different groups within cow-calf producers and 165 

veterinarians. Potential confounding variables were evaluated by manually entering different 166 

covariate combinations and evaluating a change of 20% or more in the odds ratio being 167 

evaluated. Potential confounding was controlled by including herd-size, herd infection status 168 

(infected or uninfected), and the perception of the respondent whether veterinary expense is 169 

higher for infected cows in the final models. Covariates retained in the final models were 170 

selected on the basis of improvement in the Bayesian information criterion (Dohoo et al., 2003).  171 

Herd size was categorized as small (<50 head), medium (50-149) or large (150 or more). Two-172 

sided statistical tests were performed and results were interpreted at the 5% significance level. 173 

 174 

2.3.1 Economic losses 175 

Data obtained from completed questionnaires were used to estimate losses associated 176 

with MAP infected animals and predict overall herd-level monetary losses in typical cow-calf 177 

production scenarios. Pre-weaning losses were estimated using reduction in percent calving in 178 

infected cows and pre-weaning mortality of their calves. The loss in monetary terms was 179 

estimated based on the calf-crop at weaning and the prevailing price from the National 180 

Agricultural Statistics Service (USDA, 2012). Additional veterinary expenses for MAP infected 181 

cows reported by respondents were used as the loss due to additional cost of treating MAP 182 

infected cows. Total loss was the sum of component losses and reported in US$ (Table 1). 183 

 184 



2.3.2 Parameter estimates 185 

Triangular and beta distributions were used to model parameter inputs within the 186 

economic model using available software (@Risk, version 5.7, Palisade Corp, Ithaca, NY).  187 

Monte Carlo sampling was used for 50,000 iterations. Beta distribution parameters were 188 

estimated from questionnaire data using available freeware BetaBuster (Su, 2006). Means and 189 

95% credible regions (95% CR) were estimated for losses. Herd-level losses were projected to a 190 

cow-calf herd of 100 cows with a mean seroprevalence of 3% (Roussel et al., 2005), which 191 

corresponds to a 7% true prevalence after adjustment for the sensitivity and specificity of 192 

available serum ELISAs (Collins et al., 2006). Regression sensitivity analysis was conducted 193 

within @Risk to estimate the influence of each model input to estimate its impact on the total 194 

loss estimate. The @Risk software calculates the regression coefficients by a process called 195 

stepwise multiple regression. Input with the highest correlation is entered first into the 196 

regression. Partial correlation coefficients of other inputs not in the current regression with the 197 

output are then calculated, and the variable with largest correlation value is entered into the 198 

regression next. The process is continued for every input, and each input is tested for 199 

significance and removed if not significant in F-test. The process of selecting the variable with 200 

highest correlation and testing for significance is continued until the only remaining variables 201 

have been rejected. The final regression equation contains inputs not rejected from the 202 

regression. The coefficients reported by @RISK are thus the regression coefficients for each 203 

input. A larger coefficient indicates a greater impact and the positive and negative sign indicates 204 

the positive or negative direction of the impact on the outcome.  205 

206 



3. Results 207 

3.1 Description of respondents 208 

Altogether, 160 of 989 (16%) producers contacted provided responses. The average 209 

(minimum, median, maximum) herd size was 155 head (1, 70, 2500). A total of 41% (66/160) of 210 

producers had only commercial cow-calf herds, 40% (60/160) had only seedstock and 19% 211 

(30/160) had both cattle types. All participating producers were considered to have participated 212 

in a control program at one point since they had completed a JD risk assessment or management 213 

plan in the past. A total of 95% (149/157) of producers had tested their herds at least once and 214 

74% (117/158) were enrolled in a control program at the time of survey.   215 

Of 1,080 questionnaires sent to veterinarians, 325 (30%) were completed and returned. A 216 

total of 41% (132/325) of veterinarians reported that they had been JD certified. Unregistered 217 

cow-calf operations (not registered in breed registry) were the most frequent type of clients 218 

(85%, 275/325) followed by registered commercial cow-calf (69%, 224/325), registered 219 

seedstock (58%, 189/325), and unregistered seedstock operations (32%, 107/325). There were 220 

veterinarians with other client types including feedlot (57%, 184/325) as well as clients with 221 

dairy, stockers, backgrounders, club-calf (i.e., producers focused on breeding and sale of cattle 222 

specifically for exhibition) and non-bovine species (20%, 64/325). 223 

 224 

3.2 Economic metrics 225 

Baseline calving percentage and weaning weight of calves were reported to be higher 226 

(P<0.001) by producers compared to veterinarians (Table 2). However, producers reported a 227 

lower pre-weaning calf mortality percentage (P<0.001). Income lost due to the presence of JD in 228 

an infected herd was perceived to be higher by veterinarians (P<0.001). Compared to 229 



veterinarians without JD certification, seedstock producers were 5 times more likely to agree 230 

(P=0.001) that there is genetic loss due to culling cows positive for MAP (Table 3). Models 231 

adjusted for herd-size, infection status, and the perception of the respondent whether veterinary 232 

expense is higher for infected cows revealed that seedstock producers were 6 times more likely 233 

(P=0.002) to agree that there is genetic loss compared to veterinarians without JD certification. 234 

Seedstock producers were less likely to believe that MAP infected dams have calves with lower 235 

weaning weights (P<0.002), and excess pre-weaning mortality (P=0.023). Adjusted models also 236 

estimated that seedstock producers were less likely to believe MAP infected dams wean lighter 237 

calves (P=0.006) or have higher pre-weaning mortality (P=0.020) compared to veterinarians 238 

without JD certification.  239 

 240 

3.3 Risk of diseases / conditions 241 

Compared to the reference category of veterinarians without JD certification, the 242 

perceived odds of lameness in MAP infected cattle were higher for producers with both 243 

seedstock and commercial cow-calf operations based on crude (P=0.019) and adjusted (P=0.021) 244 

models (Table 4). Odds of neurologic diseases in MAP infected cattle were perceived to be lower 245 

by veterinarians with JD certification compared to those without based on both crude (P=0.020) 246 

and adjusted (P=0.017) models. Producers with commercial cow-calf perceived 4 times higher 247 

odds (P=0.008) of neurologic diseases based on crude model, but odds were non-significant in 248 

adjusted model. In general, perceptions of JD certified veterinarians and other producer 249 

categories generally did not differ regarding an increased risk of diseases and conditions in MAP 250 

infected cows. 251 

 252 



3.4 Predicted losses  253 

Losses were predicted based on the survey responses. An annual average loss of $276 254 

(95% CR: $149 to $478) for each infected animal was estimated based on information from the 255 

producer survey. The analogous estimate using information collected from veterinarians was 256 

$273 ($115 to $483). Lowered weaning weight of calves from infected cows alone contributed 257 

an average of $123 ($82 to $170) or 48% (24 to 79%) of total loss per infected cow based on the 258 

data from producers, and $76 (26 to 150) or 31% (9 to 66%) based on the data from 259 

veterinarians. Annual average loss in a 100 cow herd at 7% true prevalence for MAP was $1,935 260 

(95% CR: $1,041 to $3,344) based on the information collected from the producers. Estimated 261 

mean annual loss was $1,908 ($806 to $3,382) based on data from veterinarians. Regression 262 

sensitivity analysis suggested that the percent decrease in calving from an infected cow 263 

(regression coefficient, b = 0.92), increased veterinary cost for infected cattle (b = 0.25), and 264 

lowered weaning weight in calves from infected cows (b=0.18) were the most influential inputs 265 

for herd level losses based on the producer survey. Similarly, percent decrease in calving from an 266 

infected cow (b = 0.76), increased veterinary costs for infected cows (b = 0.59), and lowered 267 

weaning weight in calves from infected cows (b = 0.22) were the most influential factors based 268 

on veterinarian survey data.  269 

 270 

4. Discussion 271 

Producers and veterinarians both perceived losses associated with JD in beef cow-calf 272 

operations due to lowered production and additional expenses. There were some differences in 273 

perceptions between producers and veterinarians regarding losses due to reduced calving 274 

proportions, higher calf mortality, lower weaning weight and higher veterinary expenses. These 275 



differences may reflect either inconsistency in effectiveness of veterinary education efforts or 276 

systematic differences in opinions between perceptions of veterinarians surveyed in this study and 277 

the specific veterinarians that consult with the producers surveyed here. 278 

The effects of JD within beef cattle may cause premature culling of affected animals, 279 

decreased milk production reducing the weaning weights of calves, reduced body weight of culled 280 

animals and loss of potential markets (Roussel, 2011). Some of these losses are analogous to MAP 281 

infected dairy herds having higher replacement costs (Johnson-Ifearulundu et al., 1999), lower milk 282 

production and additional feed costs (Ott et al., 1999; Raizman et al., 2009). Affected cows have 283 

higher mortality and there is a decrease in the weight of cows that are culled (Johnson-Ifearulundu et 284 

al., 1999).   Subclinical MAP infection contributes to a decrease in total milk, fat, and protein over 285 

the lactation and a shorter productive lifespan (Gonda et al., 2007). Subclinical cows also have 286 

reduced fertility (Johnson-Ifearulundu et al., 2000) and receive lower slaughter prices (Benedictus et 287 

al., 1987) usually due to a decrease in the weight of cull cows (Johnson-Ifearulundu et al., 1999). 288 

Compared to veterinarians without JD certification, certified veterinarians and all classes of 289 

producers were generally less likely to perceive losses associated with calving and weaning 290 

performance. In spite of the differences in estimated medians, significant differences were not 291 

observed in some of the comparisons mainly due to low precision of estimates due to a lower 292 

number of responses.  Nevertheless, producers perceived significantly lower percentage of income 293 

lost due to MAP presence within the herd. 294 

Lameness, pneumonia and mastitis have been reported the most common clinical diseases 295 

among fecal culture positive dairy cows in specific herds (Raizman et al., 2007). This contributes to 296 

the perception that there is additional veterinary expense per infected cow.  Significant differences 297 

were observed as JD certified veterinarians perceived higher risk of lameness but lower risk of 298 



neurological diseases compared to non-certified veterinarians. Increased incidence of diseases and 299 

conditions in MAP infected cattle is a possible reason for the additional cost of treatment reported by 300 

68% of producers and 64% of veterinarians. However, the perceived magnitude of losses varied 301 

among respondent classes. One of the reasons for mixed opinions is due to different burden of MAP 302 

infection in the respondent producer herds leading to a different degree of experience related to 303 

diseases and conditions. Another reason could be the higher premium of cows owned by seedstock 304 

producers, which is much different from commercial cow-calf producers. 305 

Compared to the reference category of veterinarians without JD certification, seedstock 306 

producers were more likely to perceive a genetic loss when MAP infected cows are culled. This is 307 

consistent with the typical objective of seedstock operations to breed and market cattle of superior 308 

genetic merit. While seedstock producers are more concerned about genetics, commercial cow-calf 309 

producers are more concerned about the weaning-weight loss, presumably because total weight of 310 

weaned calves is typically the primary source of income for commercial cow-calf operations. The 311 

perceived average loss in weaning weight of 31 kg and 27 kg by producers and veterinarians, 312 

respectively, was consistent with prior estimates (Bhattarai et al., 2013). 313 

Of beef producers with level 4 herds in the VBJDCP, 75% did not recognize a significant 314 

benefit or perceived only a marginal benefit from participation in the VBJDCP (Benjamin et al., 315 

2009). However, dairy producers appear somewhat more concerned about the impact of JD. Level 3 316 

and 4 (low risk) dairy producers in the VBJDCP believed it was an economically beneficial strategy 317 

(Kovich et al., 2006).  However, in a study of 40 dairies actively working to control JD on their 318 

operations, 15 (38%) producers perceived financial benefit while only 5 (13%) producers perceived 319 

an actual increase in revenue (Groenendaal and Wolf, 2008). In a previous study, 64% of 320 

veterinarians had educated beef producers on management strategies for the control or elimination of 321 



JD, but only 36% of veterinarians had received specific training regarding JD and 29% were JD-322 

certified (Benjamin et al., 2010). In Canada, veterinarians had positive attitudes towards training for 323 

the prevention and control of JD and the majority also thought that training should be completed 324 

every few years (Sorge et al., 2010). 325 

A limitation of this study is the exclusive enrollment of producers who had on-farm risk 326 

assessments performed and herd management plans developed. Only 16% of the producers and 31% 327 

of veterinarians responded to the surveys and this indicates a possibility of non-response bias. 328 

Information regarding non-responders was not available and the impact of this potential bias could 329 

not be assessed. Comparability was attempted by recruiting producers and veterinarians from the 330 

same nine states, but the study design did not support determination of whether veterinary 331 

respondents were in fact associated with producer respondents. Another limitation of this study was 332 

only selecting producers who had risk assessment and herd management plans from a subset of US 333 

states. These producers are therefore more likely than a typical producer to perceive benefits or 334 

losses because they had voluntarily enrolled to control JD. Estimates of the effects of Johne’s disease 335 

would have likely been different from a randomly selected population that had not been involved in 336 

a JD control program. Producers with infected cows might be less likely to respond or report about 337 

losses despite the assurance that researchers would not collect any identifying information. A further 338 

limitation was the inability to evaluate whether responses varied by the geographic location of 339 

respondents.  340 

Important sources of losses are expected to vary by producer types and this was evidenced by 341 

the observation that only seedstock producers were concerned about the loss of valuable genetics. 342 

For the evaluation of perceived losses, most questions concerned directly measurable losses. 343 

Miscellaneous indirect costs could be substantial, but are difficult to perceive. More comprehensive 344 



methods such as standardized performance analysis are necessary to account for all losses. Such 345 

estimates can account for different herd sizes, feeding practices, real estate, machinery, breeding 346 

stock investments, calving percentage, death loss and breeding-season length. Management-related 347 

costs are important to estimate profit in cow-calf herds. The herd level losses might have been 348 

underestimated using the 7% true prevalence derived from 3% seroprevalence (Roussel et al., 2005) 349 

because there are also reports of 5% (Thorne and Hardin, 1997), and 9% seroprevalence (Hill et al., 350 

2003) in beef herds in other US states. 351 

5. Conclusions 352 

There were mixed opinions and differences in the production metrics perceived by 353 

veterinarians and producers. One of the most significant economic concerns of commercial cow-354 

calf producers was a lower weaning weight of calves from infected cows. The loss of valuable 355 

genetics when an MAP infected cow was culled was an important concern to seedstock 356 

producers. Similarly, compared to the veterinarians, producers reported a significantly higher 357 

percentage of herd income lost due to the presence of MAP infected cattle.  358 
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Table 1: Cow-calf producer and veterinarian parameter estimates used to estimate losses associated with Mycobacterium 484 

avium subspecies paratuberculosis infected beef cows 485 

 P Distribution 

Average (minimum, median, maximum) 

Producer
a
 Veterinarian

a
 

A Baseline calving percentage (all cows) 

Beta 

P
b
:(36.7,2.9) 

V
b
:(28.8,3.3) 

95(70,95,100) 90(10,90,100) 

B Percent  decrease in calving from infected cows 

Beta 

P
b
:(1.3,5.7) 

V
b
:(1.5, 6.4) 

15.5(2.3,9.7, 54.3) 14.6(0.9,9.4, 85.5) 

C 
Baseline pre-weaning mortality percentage (all 

cows)  

Beta 

P
b
:(1.4,70.9) 

V
b
:(6.2,99.7) 

1.7(0, 1, 15) 5.4(0, 5, 95) 

D 
Percent  increase in pre-weaning mortality in calves 

from infected cows 

Beta 

P
b
:(1.0,33.1) 

V
b
:(1.3,55.0) 

0.45(0.01,0.18,2.5) 0.9(0.1,0.5,9.5) 

E Baseline weaning weight (kg, all cows)
 c
 Triangular 258.8(249.5, 263.1, 276.7) 238.1(226.8, 249.5, 260.8) 

F 
Percent decrease in weaning weight in calves from 

infected cows 

Beta
b
 

P
b
:(27.0,131.2) 

V
b
:(5.0,39.2) 

12.45 (3.2, 10.26, 30.4) 11.36(0.83, 10, 40) 

G 
Decrease in weaning weight in calves from infected 

cows 
E*F 

N Number of cows Fixed 100 100 

P Prevalence Fixed 7 7 

H Weaning weight per exposed female (uninfected) A*(1-C)*E 

I Weaning weight lost by average infected cow (A-B)*(1-C-D)*(E-G) 

J Weaning weight per cow adjusted for prevalence [(1-P)*A*(1-C)*E]+[P*(A-B)*(1-C-D)*(E-G)] 

K Decrease in total weaning weight per cow in herd H-J 

L US$ value of weaning weight (kg)
d
 Triangular 2.7(2.4, 2.7, 3.1) 2.7(2.4, 2.7, 3.1) 

M Value of decrease in WW in infected herds K*L 



R Increased veterinary costs in infected herds cow Triangular 33.4(0,22.5,100) 31.8(1,20,250) 
a
Producers estimated values in their own herds while veterinarians estimated values from client herds

 
486 

b 
P denotes producers and V denotes veterinarians. Corresponding values in parenthesis were the parameters used in beta distribution. 487 

Proportions based on percentages reported in the table were used to estimate beta distribution parameters.
 

488 
c 
25th and 75th percentiles were used as lower and upper limits, respectively 489 

d 
USDA, NASS, 5 year average feeder calf price 490 



Table 2: Comparison of producer estimates for their own herds and veterinarian estimates 491 

for client cow-calf herds  492 

Variables Producers Veterinarians P
a
 

Herd Productivity (all cows): Average (min, median, max)   

Calving percentage 95.3 (70, 95, 100) 89.96 (10, 90, 100) <0.001 

Pre-weaning calf mortality 

percentage  
1.7 (0, 1, 15) 5.36 (1, 5, 95) 

<0.001 

Weaning weight of calves, kg 259 (35, 263, 352) 238 (32, 250, 363) <0.001 

Productivity lost due to MAP infection: Average (min, median, max) 

Percent decrease in  calving  15 (2, 10, 54) 14.5 (1, 9, 86) 0.588 

Percent increase in calf mortality  23.5 (1,20,50) 16.3 (0.5,10,75) 0.243 

Lost weaning weight, kg 30.9 (9.1, 22.7, 79.4) 26.6 (2.3, 22.7, 90.7) 0.098 

Expenses: average (min, median, max)    

US$ veterinary expense per cow 31.8 (0, 21, 150) 27.2 (2, 20, 200) 0.495 

Additional veterinary expense per 

infected cow 
33.4 (0, 22.5, 100) 31.8 (1, 20, 250) 0.465 

Percent income lost due to presence 

of JD infected cattle in herd 
3.24 (0, 0, 30) 7.19 (0, 5, 40) <0.001 

a
 P values based on Wilcoxon rank-sum

 
493 

 494 

.  495 



Table 3: Comparison of polar questions about economic metrics associated with Mycobacterium avium subsp. paratuberculosis 496 

infected herds reported by cow-calf producers and veterinarians  497 

Respondent type 
 Odds Ratios (OR) 

Crude Adjusted
a
 

Calving percentage is lower OR (95% CI)   P OR (95% CI) P 

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 0.97 (0.54,1.77) 0.931 1.17 (0.58, 2.37) 0.657 

Producers with seedstock only 0.56 (0.23, 1.39) 0.210 0.43 (0.14, 1.28) 0.132 

Producers with commercial cow-calf only 0.51 (0.21, 1.25) 0.142 0.56 (0.20, 1.64) 0.293 

Producers with both seedstock and commercial cow-calf 0.43 (0.12, 1.49) 0.183 0.29 (0.06, 1.51) 0.142 

Higher pre-weaning mortality     

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 0.78 (0.43, 1.42) 0.422 0.79 (0.40, 1.58) 0.504 

Producers with seedstock only 0.31 (0.11, 0.85) 0.023 0.22 (0.06, 0.79) 0.020 

Producers with commercial cow-calf only 0.71 (0.30, 1.67) 0.434 0.67 (0.25, 1. 82) 0.436 

Producers with both seedstock and commercial cow-calf 0.97 (0.31, 3.06) 0.957 0.37 (0.08, 1.81) 0.223 

Lower average weaning weight     

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 0.85 (0.35, 2.04) 0.709 1.08 (0.40, 2.94) 0.876 

Producers with seedstock only 0.21 (0.77, 0.58) 0.002 0.19 (0.06, 0.62) 0.006 

Producers with commercial cow-calf only 0.66 (0.21, 2.01) 0.460 0.58 (0.15, 2.24) 0.427 

Producers with both seedstock and commercial cow-calf - - - - 

There is a genetic loss when cows infected with MAP are culled    

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 1.07 (0.62, 1.84) 0.811 1.07 (0.56, 2.04) 0.832 

Producers with seedstock only 5.00 (1.97, 12.67) 0.001 6.15 (1.92, 19.65) 0.002 

Producers with commercial cow-calf only 1.02 (0.50, 2.07) 0.960 1.66 (0.64, 4.23) 0.291 

Producers with both seedstock and commercial cow-calf 0.98 (0.41, 2.36) 0.973 2.29 (0.58, 8.96) 0.235 

Higher veterinary expenses 
b
     

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 0.75 (0.42, 1.33) 0.325 0.76 (0.43, 1.36) 0.358 

Producers with seedstock only 0.90 (0.38, 2.12) 0.810 1.00 (0.41, 2.46) 0.996 

Producers with commercial cow-calf only 0.81 (0.37, 1.77) 0.595 0.79 (0.34, 1.81) 0.582 

Producers with both seedstock and commercial cow-calf 5.00 (0.62, 40.41) 0.131 5.45 (0.66, 45.05) 0.115 
a
Adjusted for herd-size, infection status, and the perception of the respondent whether veterinary expense is higher for infected cows 498 

b
Adjusted for herd-size and infection status 499 

500 



Table 4: Comparison of perceptions about higher risk of diseases and conditions in Mycobacterium avium subsp. 501 

paratuberculosis infected cows reported by cow-calf producers and veterinarians 502 

 Odds Ratios (OR) 

Respondent type Crude Adjusted
a
 

Mastitis OR (95% CI) P OR (95% CI) P 

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 1.11 (0.63, 1.97) 0.711 0.99 (0.49, 2.00) 0.985 

Producers with seedstock only 0.28 (0.07, 1.07) 0.063 0.31 (0.07, 1.34) 0.120 

Producers with commercial cow-calf only 0.31 (0.11, 0.89) 0.029 0.29 (0.07, 1.25) 0.098 

Producers with both seedstock and commercial cow-calf 0.26 (0.05, 1.28) 0.097 0.16 (0.02, 1.53) 0.112 

Pneumonia     

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 1.22 (0.67, 2.20) 0.520  1.18 (0.58, 2.44) 0.639 

Producers with seedstock only 0.78 (0.30, 2.04) 0.618  0.69 (0.21, 2.24) 0.539 

Producers with commercial cow-calf only 1.15 (0.46, 2.83) 0.769  1.68 (0.46, 6.13) 0.426 

Producers with both seedstock and commercial cow-calf 1.21 (0.36, 4.08) 0.763  0.96 (0.15, 5.93) 0.962 

Lameness     

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 1.93 (1.05, 3.54) 0.033 2.07 (0.96, 4.43) 0.063 

Producers with seedstock only 1.63 (0.50, 5.38) 0.420 2.68 (0.67, 10.73) 0.162 

Producers with commercial cow-calf only 1.49 (0.57, 3.91) 0.414 1.12 (0.25, 5.01) 0.874 

Producers with both seedstock and commercial cow-calf 4.18 (1.27, 13.76) 0.019 8.30 (1.37, 50.10) 0.021 

Dystocia     

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 1.00 (0.55, 1.82) 0.993 1.29 (0.64, 2.60) 0.469 

Producers with seedstock only 1.47 (0.52, 4.17) 0.465 1.39 (0.43, 4.57) 0.580 

Producers with commercial cow-calf only 1.90 (0.81, 4.66) 0.136 1.77 (0.56, 5.62) 0.333 

Producers with both seedstock and commercial cow-calf 2.10 (0.64, 6.96) 0.222 1.94 (0.35, 10.84) 0.450 

Grass tetany     

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 0.61 (0.28, 1.32) 0.208  0.57 (0.22, 1.44) 0.230 

Producers with seedstock only 1.77 (0.55, 5.76) 0.341  1.81 (0.43, 7.60) 0.415 

Producers with commercial cow-calf only 2.05 (0.80, 5.29) 0.136  1.57 (0.43, 5.68) 0.494 

Producers with both seedstock and commercial cow-calf 3.72 (1.15, 12.07) 0.028  1.98 (0.36, 10.76) 0.430 

Neurologic diseases     



Veterinarians without JD certification (reference)     

Veterinarians with JD certification 0.39 (0.18, 0.86) 0.020 0.31 (0.11, 0.81) 0.017 

Producers with seedstock only 2.02 (0.68, 6.05) 0.207 1.13 (0.27, 4.73) 0.870 

Producers with commercial cow-calf only 3.76 (1.42, 9.94) 0.008 3.56 (0.85, 14.95) 0.083 

Producers with both seedstock and commercial cow-calf 1.16 (0.32, 4.12) 0.823 0.49 (0.08, 2.93) 0.435 

Non-diarrheal digestive diseases     

Veterinarians without JD certification (reference)     

Veterinarians with JD certification 0.64 (0.34, 1.21) 0.170  0.55 (0.26, 1.19) 0.133 

Producers with seedstock only 0.57 (0.21, 1.54) 0.268  0.40 (0.12, 1.27) 0.120 

Producers with commercial cow-calf only 1.45 (0.51, 4.12) 0.486  6.98 (0.83, 58.46) 0.073 

Producers with both seedstock and commercial cow-calf 1.08 (0.29, 4.09) 0.906  0.30 (0.06, 1.46) 0.136 

 503 
a
Adjusted for herd-size, infection status, and the perception of the respondent whether veterinary expense is higher for infected cows  504 

 505 


