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Background 
 
The primary goal of this research was to estimate the production loss caused by Johne’s 
disease or paratuberculosis (PTB) in sheep, the so called ‘Ovine Johne’s Disease’ (OJD). This 
chronic enteric disease is caused by Mycobacterium avium subsp. paratuberculosis (MAP). As 
Merino and other fine wool breeds are generally being regarded as more susceptible to OJD 
than other breeds, all estimates were stratified by breed type. A secondary objective was to 
evaluate the likely financial benefit of vaccinating lambs against OJD and the circumstances 
required for positive returns. 
 
Since vaccination against a contagious pathogen has long term effects, this short-term 
research is a snap-shot, so necessarily ignores infection dynamics over time and may at best 
represent the situation after reaching an equilibrium level of residual OJD in a flock vaccinated at 
for least 3-4 years. Thus, they can only give a first, crude estimate of economic efficiency. More 
detail about the long-term economic effectiveness of vaccination is addressed by parallel 
research (simulation modelling). 
 
The report includes findings of a longitudinal study of 20 farms in the South and North Islands of 
New Zealand monitoring causes of ewe-death and estimating the extra death rate and sub-clinical 
loss associated with OJD. The initial target of 15 farms from across sheep breeds was exceeded by 
5 farms. These farms were monitored for 1-2 years. However, three of the 20 farms provided 
incomplete or invalid data and had to be excluded from the economic part of the analysis. The 
total study size was 29 farm-years. Findings from study farms were used as a basis for estimating 
the population impact and likely cost effectiveness of vaccination at the level of an average OJD 
affected farm as well as at population level. The extrapolation to population level from a panel of 
non-representative farms necessarily required a number of assumptions. The results from this 
project must therefore be seen in the light of the validity of these assumptions. To address this 
constraint, all assumptions were subjected to stochastic and sensitivity analyses resulting in ranges 
rather than point averages for all parameters of interest. 
 
The research was funded and managed by the NZ Johne’s Disease Research Consortium (JDRC), a 
consortium of government and industry funders, and partially co-funded by the New Zealand 
Sheep Industry Transformation Project, NZSTX – a Primary Growth Partnership programme led by 
The New Zealand Merino Company and co-funded by the Ministry for Primary Industries. 
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Executive Summary 
 

 

The main specific outputs from the project were: 

 The rate of total ewe loss on farm known to be affected by Johne’s disease (p. 10-11) 

 The estimated proportion of ewe loss on farm attributable to OJD in sheep flocks 

known to be affected by Johne’s disease (p. 11-13). 

 An estimate of OJD specific ewe wastage at farm and at population levels, and 

of total production loss (p. 15-20). 

 Derived from the above, the cost-benefit of vaccination for the control of OJD in sheep (p. 

20-23). 

 Reasons for ewe death other than OJD (p. 14-15). 

 Extrapolations to the general population of sheep farms in NZ need to be done with caution 

as the study population was a convenience sample of veterinary client farmers who had 

agreed to comply with the study protocol. Assumptions were therefore made and estimates 

were subjected to stochastic simulation allowing for variability in all model parameters. 

 

1. Data and methods: 20 farms were enrolled between August 2012 and July 2013 (13 

Merino, 1 Halfbred, 1 Corriedale, 3 Romney, 2 Composite breeds). They were monitored 

until February 2014; 17 (including 11 Merino) farms recorded data on lamb loss, ewe loss, 

scanning, and/or tailing percentages. Three farms delivered incomplete or invalid data 

(2 Merino, 1 Romney). Farms included in the analysis were categorized by breed as ‘fine 

wool breeds’ (13) or ‘other breeds’ (4). Information about causes of ewe deaths or forced 

removals was available from subsets of farms and ewes. OJD mortality was based on 

farmer records of ewes lost (ewes missing) calculated as differences in the number of 

ewe-tallies at mating in two successive seasons, ewes sold, purchased and culled. To 

estimate the proportion of ewes that died due to OJD and other causes, 390 post-

mortem examinations (PM) of poorly conditioned ewes (PM-ewes; BCS=1) were carried 

out. Gross pathological findings were confirmed by laboratory tests (histology, serology). 

These, together with total ewe mortality were used to estimate mortality rates attributable 

to OJD. The marginal farm-level production loss due to OJD was based on lost lambs, lost 

ewes, cost of extra replacements and estimated sub-clinical production loss due to reduced 

productive lifetime. The latter was based on ELISA testing of a sample of live ewes in poor 

body condition (BCS=1) and the age difference between ewes with and without OJD at PM. 

Demographic industry data, published results of a recent JDRC baseline survey (Verdugo 

2013), and several specific assumptions were used to estimate economic loss at population 

level.  A population based selection of a larger number of farms was beyond the limitation 

of available funding. Hence any population based inferences may be biased. In addition, 

ewes for PM and live ewes for blood sampling were selected by the farmer and hence a 

number of critical assumptions needed to be made. 

 

2. Assumptions: The design of this investigation was suitable for estimating OJD specific 

mortality in flocks enrolled in the study. Inference outside the selected farms was based on 

assumptions. For example, for the economic effects on fine wool or lamb producers with 

other breeds, production, cost and revenue figures were taken from websites and expert 

opinion, and were assumed to be variable, where evidence of variability was available (e.g. 
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replacement rate), or else constant (e.g. vaccine cost). To quantify the impact of OJD on the 

sheep industry at large, proportions of fine wool and other breeds being affected by specific 

severity strata were assumed, i.e. not infected, not affected, moderately affected and strongly 

affected, the latter representing the study flocks. Assumptions about uncertainties are 

summarized in Annex I. Consequently, outputs are shown as posterior distributions. In 

addition, key assumptions were subjected to a sensitivity analysis to explore their impact on 

the major inferences from this study. 

 

3. OJD in PM-Ewes: 57% of PM-ewes had clinical OJD based on histo-pathology and/or ELISA. 

This proportion was 2.5 times as high in fine wool breeds (73%) as in other breeds (32%), and 

this is evidence of a pre-disposition of Merino, Corriedale and Half-bred ewes for OJD. Seven 

farms contributing 20 or more such poor-conditioned ewes had 14-78% with definitive clinical 

OJD as most likely cause of death, demonstrating large farm to farm variation. A large 

variation in OJD mortality between farms indicates that a rational appraisal of the farm-

specific OJD incidence is to be advised before implementing any type of intervention for the 

control of OJD.   
 

4. OJD in Suspect-Ewes: Live ewes in relatively poor body condition (BCS=1) were also sampled to 

estimate OJD in animals not yet targeted for culling, but suspected of having OJD or other 

chronic diseases such as parasitism. Among a total of 197 such ewes tested by blood-serum 

ELISA, 24% were positive, indicating that these ewes might either be latent carriers of infection 

or in pre-clinical stages of disease and shedding. Again, this proportion varied between farms 

from 9 to 65% suggesting a similar strong farm dependency as seen in PM-ewes, possibly 

augmented by a difference in farmer’s criteria for submitting poor-conditioned ewes for 

sampling. As in PM-ewes, the number of suspect OJD ewes in fine wool breeds (35%) suggested 

a pre-disposition to OJD as they were almost 5-fold as likely to be ELISA positive as were other 

breeds (7%). These data were used to estimate subclinical loss (poor reproductive 

performance, lower carcass weight of cull-ewes). The rate and extent of subclinical loss was 

calculated by the difference in productive lifetime (i.e. age at culling/death) multiplied by an 

assumed average annual profit per ewe of $40 for fine wool and $35 (A. Ridler, personal 

communication) for other breeds, the assumed proportion of live ewes in a flock with low BCS 

(5%) and the estimated proportion ELISA positive for OJD among the ewes of this study. The 

sub-clinical loss made up 6% of the total OJD associated production loss.  

 

5. OJD Mortality and Production Cost: The annual OJD mortality of ewes in the study flocks was 

2.8%  (inter-quartile range IQR 1.9-4.0%) in fine wool and 0.7% (IQR 0.4-1.2%) in other breeds. 

Because overall mortality was similar in fine wool (7.3%, range 2.8-15.7%) and other breeds 

(8.0%, range 3.3-13.2%), OJD mortality in fine wool breeds was about 4 times as high as in 

other breeds. Given that overall mortality was similar in the two breed types, mortality due to 

other causes were probably lower in fine wool breeds. This reflects positively on farmers of fine 

wool breeds to manage sheep for better survival. However, only 4 farm-years contributed data 

to OJD mortality estimates for other breeds, hence the study farms were likely to be a poor 

representation of OJD effect in Romney and Composite breeds in the NZ sheep population. 

The annual loss due to OJD for a farm with 2,000 fine wool ewes was estimated to be $13-

26,000 worth of lamb, ewe, wool, sub-clinical losses and replacement costs ($3-7,000 for 

other breeds). The total loss for the NZ sheep industry (20m adult sheep) average $27 million 
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due to OJD, of which slightly over 50% was contributed by fine wool breeds (1.5m adult 

sheep). A sensitivity analysis of critical assumptions resulted in a range for the industry loss of 

$19-36 million which mainly depended on OJD mortality. 

 

6. Other causes of Ewe-Wastage: Causes of death among PM-ewes other than OJD (66%) were : 

parasites (9%), poor molars (8%), poor legs or feet (4%), enteric disease (3%), respiratory 

disease (2%), and other causes (9%) such as bearing, pink eye, mummified foetus, mastitis, 

osteomyelitis, or arthritis. These were additional findings not relevant for OJD and therefore 

not included in further economic analysis. 

 

7. Cost-Benefit of Vaccination: A small number of 25 fine wool PM-ewes had been vaccinated as 

a lamb. They were significantly less likely (28%) to be confirmed with OJD than 300 fine wool 

ewes that had not been vaccinated (73%). However, serologic evidence of OJD in live ewes did 

not support a protective vaccine effect as ELISA outcomes were similar in vaccinated and 

unvaccinated live ewes. A crude estimate of the cost effectiveness of vaccination suggested 

that, once farms have fully and effectively controlled clinical OJD, continued vaccination of 

replacement ewe lambs at weaning would result in positive returns over cost for fine wool 

breeds with OJD loss to the extent observed in this study. The benefit to cost ratio for fine 

wool breeds was 5.4, indicating that $1.00 invested in OJD control by vaccination would return 

$5.40 through additional production performance. Estimates for farms with other breeds were 

highly variable, with about 20% flocks being below breakeven point where financial benefits 

equal the value of lost production. The analysis indicated that 99% of fine wool achieved 

positive returns on vaccination. The level of OJD mortality was the most important parameter 

affecting the financial return. Large farm-to-farm variation was observed, thus these estimates 

are averages that do not hold for every farm. A large variation would see many farms, 

especially with Romney, Composite etc. breeds, not profiting from vaccination. Hence, 

vaccination may be advisable for farms with regularly observed clinical OJD, i.e. presumed to 

have relatively high clinical OJD incidence. However, a high BCR on fine wool farms renders 

vaccination a likely attractive intervention for farmers with those breeds or farms with other 

breeds and a high observed incidence of ewes with OJD. The financial analysis did not consider 

the time from starting vaccination to reaching a break-even point. First outputs from the JDRC 

modelling project suggest that this point appears to last 3-4 years (Heuer 2013). 

 

8. MAP-Virulence: A selected sample of tissues from 97 ewes from 15 farms was subjected to 

culture and MAP genotyping by AgResearch. Genotypes were classified by VNTR/SSR typing 

methods and compared to histo-pathological findings. It was found that there was a 

significantly smaller diversity of strain types (ST) in these samples than is present in clinically 

healthy sheep. In fact, almost all ewes with clinical OJD carried a single MAP type. Results to 

date suggest that dominant strains may cause almost all OJD related morbidity and mortality, 

and that on the other hand, farms not harboring this dominant sheep strain may suffer little or 

no economic loss. However this hypothesis requires more robust scientific evidence. These 

preliminary results were presented at the International Colloquium for Paratuberculosis in 

Parma/Italy, June 2014.  
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Project Details 
 

Milestones September 2012: 

Milestone Description Date 

5.3.2.1 Farms enrolled in the study 31 Oct 2012 

5.3.2.2 Monitoring data updated and accessible in a database 30 Jun 2013 

5.3.2.3 
Interim report about ewe loss and proportion 
attributable to OJD available 

31 Dec 2013 

5.3.2.4 
Final estimates available, cost-benefit model for sheep 
updated (5.2 Modelling) 

30 Jun 2014 

 

Revised milestone June 2014 

To be completed Description Date 

On farm sampling Results entered into database 30 July 2014 

On farm data 
collection 

Raw data available for analysis and validation 31 August 
2014 

2nd interim project 
report 

Update on project status and interim results October 
2014 

PhD Student 
engaged 

Timing may vary. If delayed other resource will be 
engaged to progress delivery 

September 
2014 

Preliminary data 
analysis complete 

Deliverables (includes all NZM specific results): 
- Impact of OJD on ewe wastage 
- Impact of OJD on ewe productive lifetime 
- Cost of OJD on Merino and crossbreed farms 

31 January 
2015 

Project report Final data from preliminary analysis reported to JDRC 
and NZM 

28 February 
2015 

NZM Farmer 
Engagement 

Delivery of results from study by NZM via NZM PGP 
programme 
(in consultation with JDRC) 

March-June 
2015 

Extended data 
analysis complete: 

- 

Deliverables (extended data specific to JDRC): 
- Strain specific virulence of MAP isolates from 

sheep 
- Production cost of OJD on sheep farming 
- Economic effect of OJD on NZ sheep industry 
- Farm level cost:benefit of vaccination against OJD 

30 July 2015 

Final Project report Full report detailing all results and analysis from 
extended project. Report to both JDRC and NZM 

August 2015 

JDRC Farmer 
engagement 

Delivery of extended results to B+LNZ and other JDRC 
partners 

September- 
December 
2015 

 

Schedule: The enrolment of farms commenced in July 2012 and farm monitoring continued 

from September 2012 to August 2014 as planned; some background survey data were 

available from each farm at enrolment, and detailed farm tallies from 17 farms. The first 

interim report was submitted in February 2014, the second in November 2014 and the third 

interim report (which was an earlier draft of this report) in March-April 2015. 
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Study Design and Methods 
 

Design: Two years farm-level prospective monitoring was undertaken on 20 farms voluntarily 
participating in this OJD study. The study design was constrained by the funding available to 
support this work and therefore a farm-level approach was chosen, as opposed to animal level 
monitoring.  This introduced a certain degree of selection bias because observations from OJD 
cases were extrapolated to flock level and combined with flock performance data.   While 
acknowledging these limitations an attempt was made to use the findings of this project for 
inferences at population level. The bias was addressed by a number of assumptions which must 
be considered when interpreting the data. 

Thirteen farms were classified as ‘fine wool’ properties, the majority o f  wh i c h  w e r e  
Merino farms (11/20) and the remainder a  Corriedale farm (1/20) and a  Half-bred farm 
(1/20). All participating farmers had an interest in OJD and therefore the properties were 
regarded as farms affected by OJD to a greater extent than an ‘average’ or ‘typical’ NZ farm. 
Data collection included sheep tallies at mating, scanning and tailing/weaning. Deaths of 
lambs and ewes were calculated from animals present at these times minus removals 
(sales) plus additions (purchases). Ewes subjected to post-mortem (PM) were selected by the 
farmer. Most of them were in very low body condition (BCS= 1 on a scale 1-5). All PM-ewes 
were humanely euthanized according to an approved animal ethics protocol. It was likely 
that PM-ewes would have died naturally some time later had they not been euthanized. 
Hence, they could be reasonably assumed to be representative for an average ewe in low 
body condition dying on-farm due to a chronic condition of ill-thrift. The way farmers selected 
ewes for PM was assumed to vary but was, for the purpose of this analysis, fairly consistent 
across farms due to the chronic nature of developing an extremely low BCS. Farmers presented 
ewes for PM that they suspected to be clinically affected with OJD. The proportion of ewes 
dying on each farm from OJD among all ewes that died or were culled was approximated from 
farmer tallies of total culls and the reasons for them. Suspect OJD and similar chronic ill-thrift 
conditions were among these reasons stated by farmers. Hence, the rate of selecting ewes for 
PM from all missing, dead or culled ewes was derived from this information and then used as a 
parameter to calculate the overall OJD mortality rate within a flock.  

Additionally, a blood sample was taken from ewes in poor body condition that were left 
alive because the vet and farmer were unsure whether the ewe was not losing condition 
from some other cause (‘OJD suspect ewes’). If these ewes were subjected to PM later, they 
were merged with the PM-series of ewes; if they did not die and remained in the flock, those 
ewes that were ELISA positive were regarded as being sub-clinically affected. Even though this 
might have been subjective and not always correct, it was a reasonable interpretation within 
the limits of a constrained study design. OJD suspect ewes were tested by serum antibody 
ELISA. Serum ELISA has a low probability of being positive when ewes are not infected by 
MAP (<1%) or latently infected but not developing sub-/clinical signs of OJD (<15%). Thus, a 
false positive misclassification of ewes clinically affected by OJD was relatively small and 
false-positive ELISA results are <1%. Hence, the ELISA was a suitable test for estimating the 
proportion of live ewes with sub- or pre-clinical OJD. 

Study material: Among 20 participating farms, 13 flocks were Merino, 1 Corriedale, 1 

Halfbred and five flocks were other breeds. The farms were enrolled from August 2012 

onwards and followed through to March 2014. Farms were monitored for one year (4 

farms) or two years (16 farms). An online database (IRIS) holds data from the 20 farms. Valid 

data considered in this analysis were obtained from 13 fine wool and 4 farms with other 

breeds. The data include tallies of lamb loss, ewe loss, scanning, and tailing percentages. As 

summarized in Table 1, performance was monitored in over 100,000 ewes over a total of 29 
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farm-seasons. A total of 390 post-mortem examinations were carried out by 12 veterinarians 

and laboratory confirmation of OJD was available from all 390 post-mortem ewes. In addition, 

blood serum was collected from 197 live ewes and tested by ELISA. 

 
Table 1: Study material 

 

 Fine Wool Other breeds Overall 

Ewes in study 72,298 34,678 106,976 

Ewes reported dead 5,239 2,776 8,015 

Farm years 2012-2014 21 8 29 

Ewes examined by PM 325 65 390 

Ewes ELISA tested (PM) 325 65 390 

Ewes ELISA tested (Live) 101 96 197 

 

Extrapolations to Population Level: Clearly, 20 farms known to have OJD and with owners or 

managers willing and able to record data required by the study design cannot be regarded as a 

random subset of the population. Rather, these farms were probably typical of farms 

experiencing mortality loss from OJD. Again, a certain response bias could not be ruled out, i.e. 

the participating farmer being more interested and able to monitor than non-participants. As 

said above, this design was preferred to selecting a random subset of sheep farms in the 

population for higher cost-efficiency of studying on-farm loss due to OJD. In calculating 

population based economic loss and vaccine efficiency, a recent population survey of 

OJD infection and clinical loss rates was used to determine relevant input parameters 

(Verdugo 2013). A literature review added further data from a NZ study (Morris et al. 2006) 

and an Australian study (Bush et al 2006). Demographic data and production performance 

indicators were retrieved from the internet (Beef&Lamb website). Experts were consulted 

for parameters not available otherwise (Dr. Anne Ridler, Massey U., Peter Anderson, co-

author).  

Assumptions were included about the relative proportion of farms affected by OJD in the 

population and about the comparative loss on other farms infected by MAP but experiencing 

lower mortality loss, relative to the farms of this study. In a sensitivity analysis, critical 

assumptions were modified to evaluate their impact on OJD loss at farm and population level, 

and on the benefit-cost efficiency of vaccination. 

 

Statistical analysis: All calculations were done separately for fine wool and other breeds. The 

age difference of ewes at post-mortem was evaluated by a t-test. Farm mean proportions of 

general mortality, farmer suspected proportion OJD among dead and culled ewes, proportion 

OJD among PM ewes were analysed at animal level with random effects for farm and year. The 

inclusion of a random effect adjusted the variance and hence, confidence intervals about the 

mean. The OJD specific death rate of ewes was calculated as the product of the three 

aforementioned proportions by stochastic simulation as follows: Stochastic simulation 

considered measured or assumed uncertainties around parameters used for the estimation of 

OJD specific mortality and economic outcomes linked to OJD mortality. For the above three 

calculated proportions, uncertainty was based on standard deviations or what a graphical 

display suggested to be a reasonable variation (Annex I). Ten-thousand random draws from the 
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posterior distribution of OJD mortality were shown as a density plot and median and 

interquartile ranges for each breed group. All further calculations of ewe loss, lamb loss, sub-

clinical effects, overall OJD related loss at farm level (2,000 ewes), cost-benefit of vaccination, 

and population level OJD loss used stochastic simulation (Annex 1). This allowed consideration 

of the uncertainties that were measured in the study, derived from expert opinion (in most 

cases Peter Anderson or Dr. Anne Ridler), or retrieved from information available in the 

internet (livestock statistics1). Posterior distributions of all presented outcomes thus included 

the knowledge of precision where available, and the lack of knowledge about a number of 

required parameters for which only informed estimates with uncertainty ranges were available. 

The latter was particularly critical when the findings of this study were extrapolated to 

population level. This needs to be kept in mind when interpreting outcomes related to 

population or industry level.  

 

 
 

  

                                                           
1
 http://www.stats.govt.nz/browse_for_stats/industry_sectors/agriculture-horticulture-

forestry/AgriculturalProduction_final_HOTPJun14final.aspx and Stock Care/Agrinetworks c/o P. Anderson 
http://agrinetworks.co.nz/stockcare/login.do;jsessionid=3D86DEFA25174D499037E449C83001F9 
 

http://www.stats.govt.nz/browse_for_stats/industry_sectors/agriculture-horticulture-forestry/AgriculturalProduction_final_HOTPJun14final.aspx
http://www.stats.govt.nz/browse_for_stats/industry_sectors/agriculture-horticulture-forestry/AgriculturalProduction_final_HOTPJun14final.aspx
http://www.stats.govt.nz/browse_for_stats/industry_sectors/agriculture-horticulture-forestry/AgriculturalProduction_final_HOTPJun14final.aspx
http://agrinetworks.co.nz/stockcare/login.do;jsessionid=3D86DEFA25174D499037E449C83001F9
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Results and Discussion 
 

 
 
Data collection: Monitoring the performance of sheep flocks with the intention to obtain 
accurate recordings was a challenge for the following reasons:  

 In the past annual ewe loss tallies on most farms have been based on the difference 
between mating or scanning and weaning, covering 9/12 months. This project has, for the 
first time, a record of the loss from weaning to the next mating/scanning covering two 
whole years. There can be up to 5-6 months unaccounted for in annual loss if this 
additional period is not taken into account. It includes ewes culled and sold and ewes 
culled and euthanized on property as well as ewes entering (usually 2Ts) the breeding flock 
after weaning. Careful records had to be kept and getting sufficiently accurate data was a 
challenge for the vet on some properties.  

 Monitoring BCS would have been desirable, but would have had to have been done at least 
3-4 times annually during the same time in the reproductive cycle on all properties and 
getting all vets and farmers performing to the same standard. This would have been 
exceptionally difficult and costly to implement – especially on some rather extensive and 
remote properties. Farmers could have been trained but from experience it takes at least a 
year of monitoring for them to adopt consistent procedures.  

 There was a difference in the enthusiasm and proficiency demonstrated by vets and 
farmers involved in the study. Best results were achieved on properties where vets and 
farmers have had a long lasting professional relationship. 
 

 
Production performance 
Fetal loss, perinatal and lamb mortality decreased scanning performance from 1.34 (range 1.01 – 
1.73) fetuses per pregnant ewe to 1.05 (0.66 – 1.35) lambs tailed per ewe. Consequently, the 
estimated lamb loss from scanning to tailing/weaning was 22.6% with a range of 12.3 – 41.8% 
(Table 2). These estimates were highly dependent on data from farms with fine wool breeds as 
only 2 to 5 farms with other breeds provided annual tallies. A summary of the breed specific 
production performance is shown in Table 3. 

The overall annual ewe mortality was 7.5% with a standard deviation of farm averages of 

2.8% and a range of 2.8% to 15.7% (n=109,220 ewes, 8,227 deaths). Fine wool breeds (7.3 ± 

2.7%; range 2 .8  – 15.7%) had slightly lower ewe death rates than farms with other breeds 

(8.0 ± 2.9%; range 3.3 – 13.2%). However, the difference was only marginally significant (p = 

0.08) because only 8 farm-seasons provided data for other breeds (vs. n=21 form fine wool 

farms). 
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Table 2: Summary of annual production performance tallies (17 farms, 29 farm-years) 
 

Farm Breed Season 
Ewes 

mated 
Ewes 
missg 

Ewe 
Mort. 

Obs. 
Deaths* 

Susp.  
OJD* OJD%* 

Scanning 
% 

Tailing 
% 

Lamb 
loss % 

OJD 
Vacc 

A Corriedale 2012-13 1040 29 2.8% 51 16 31.4% 143.8 118.8 17.4 
 

A Corriedale 2013-14 1091 78 7.1% 
    

116.5 
  

B Merino 2012-13 3106 209 6.7% 114 43 37.7% 107 84.2 21.3 1990 

B Merino 2013-14 3320 260 7.8% 
   

106.4 79.6 25.2 1990 

C Romney 2012-13 2010 266 13.2% 15 1 6.7% 
 

130 
 

2 yrs. 

C Romney 2013-14 2190 73 3.3% 
    

130 
 

2 yrs. 

E Romney 2013-14 4531 452 10.0% 
   

102.1 77.9 23.7 
 

E Merino 2012-13 5300 512 9.7% 
   

100.7 74.9 25.6 
 

F Merino 2012-13 3670 135 3.7% 83 21 25.3% 155.1 117.7 24.1 2011-12 

F Merino 2013-14 3867 151 3.9% 
   

157.6 121.8 22.7 2011-12 

G  Merino 2013-14 3595 177 4.9% 
   

137.9 106.7 22.7 2010-12 

G  Merino 2012-13 3459 212 6.1% 54 6 11.1% 138.5 110.8 20.0 2010-12 

H Composite 2012-13 2064 167 8.1% 51 4 7.8% 173.4 
  

2006-07 

H Composite 2013-14 2104 172 8.2% 
   

150.4 
  

2006-07 

I Merino 2012-13 2590 120 4.6% 16 7 43.8% 135.4 107.0 21.0 1994-04 

I Merino 2013-14 2668 132 4.9% 
   

135 106.0 21.5 1994-04 

J Merino 2012-13 2763 195 7.1% 169 47 27.8% 124.6 92.5 25.8 
 

J Merino 2013-14 2860 203 7.1% 
   

123.9 89.3 28.0 
 

K Merino 2013-14 7909 461 5.8% 
   

123 97.9 20.4 2006-09 

K Merino 2012-13 8402 1317 15.7% 
   

128 86.8 32.2 2006-09 

L Merino 2013-14 3926 254 6.5% 142 24 16.9% 113.6 66.2 41.8 
 

M Merino 2013-14 4699 338 7.2% 29 16 55.2% 
    

N Composite 2013-14 785 55 7.0% 
   

146 128.0 12.3 
 

N Composite 2012-13 890 93 10.4% 
       

O Romney 2013-14 20104 1498 7.5% 
   

167 135.0 19.2 
 

P Merino 2012-13 1780 89 5.0% 167 6 3.6% 128.1 98.4 23.2 
 

P Merino 2013-14 1807 77 4.3% 
   

129.3 107.9 16.6 
 

Q Halfbred 2012-13 2130 136 6.4% 
   

145.2 122.7 15.5 2008 

Q Halfbred 2013-14 2316 154 6.6%       149.5 125.0 16.4 2008 

Total/mean   106976 8015 7.5% 891 191 24.3% 134.2 105.3 22.6   

Std.dev.     2.8%   16.8% 19.8 19.6 6.2  

Min         2.8%     3.6% 100.7 66.2 12.3 
 

max         15.7%     55.2% 173.4 135.0 41.8   
 
* Farmer observed and recorded ewe deaths of 11 farms, ewes suspected to have died due to OJD, and its percentage 
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OJD Mortality 

The ewe death rate due to OJD could not directly be measured but had to be estimated 

based on three measured categories, (i) the overall ewe mortality, (ii) the proportion of lost 

ewes presented for post-mortem (PM), and (iii) the proportion confirmed OJD among ewes 

examined by PM.  

 

(i) For the first category, the overall ewe loss rate (i.e. ‘ewes missing’) was set equal to the 

overall ewe mortality since a missing ewe was essentially a complete economic loss just as 

a ewe that had died. These overall deaths rates were recorded as differences of ewe 

tallies between seasons, i.e. from mating to mating in the following year. 

 

(ii) The second category, (i.e. the proportion of lost ewes presented for PM) was available from 

a tally of ewes grouped by presumed cause of death as it was recorded by farmers in 

their farm diaries. This resulted in 59.0 ± 26.3 for fine wool (n=1,261, 19 farm-years), 

and 24.7 ± 26.3 for other breeds (n=163, 4 farm-years). The estimate for ‘other 

breeds’ was highly variable, in fact the least certain parameters for those farms with 

Romney, Composite and similar breeds. This might have caused serious bias for this 

population stratum. This series of ewe deaths observed by the farmer and their likely 

causes of death was used to estimate the proportion of ewes that were presented for 

PM, the reminder being ewes unable to be presented for PM. 

 

(iii) The third category, i.e. the proportion confirmed OJD among ewes examined by PM, 

included 325 ewes of fine wool and 65 ewes of other breeds. The PM examinations 

revealed that 73.0 ± 17.7% of fine wool ewes and 32.2 ± 14.4% ewes of other breeds 

were diagnosed with OJD as a cause of wasting or death (Table 3). These rates showed 

that fine wool breeds had far higher proportions of ewes than other breeds dying from 

OJD in this series of ewes selected by farmers for PM (p < 0.001). 

 

 

Ewes examined by post-mortem could not be regarded as being typical of ewes dying on farm. 

PM-ewes were a biased selection from all ewes that died on-farm. Therefore, the proportion of 

ewes suspected by farmers to have died due to OJD was used as a factor correcting for the 

selection bias (category (ii) above). Causes related to chronic wasting associated with poor 

body condition separated ewe deaths into ‘possibly OJD related’ and ‘other causes’, e.g. 

sudden death. The fraction of ‘possibly OJD related’ causes was regarded as a reasonable 

representation of ewes submitted to post-mortem by farmers. This approach was chosen to 

reduce bias in estimating OJD mortality which was associated with the selection of PM-ewes by 

farmers. These proportions, i.e. 59.0% for fine wool and 24.7% for other breeds, were 

therefore multiplied by overall ewe mortality. The product was interpreted as the proportion of 

all ewes that died or went missing of which a representative sample was examined by post-

mortem.  
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Table 3: Breed specific production performance and proportion of dead ewes suspected to have 
OJD as observed and recorded by farmers (Farmer susp.OJD). 

  Farm-years n Mean STD 95% Conf. Int. 

Fine wool breeds 

 
 

   Ewe mortality (%) 21 72,298 7.3 2.7 6.1 - 8.5 

Scanning (%) 19 66,508 130.7 16.2 123.3 - 138.1 

Tailing (%) 20 67,599 101.5 17.2 93.7 - 109.3 

Lamb loss (%) 19 66,508 23.2 6.1 20.4 - 26 

Farmer susp. OJD (%) 19 1,261 59.0 26.3 46.0 - 72.0 

PM-confirmed OJD (%) 15 325 73.0 17.7 63.5 -82.5 

ELISA positive PM ewes (%) 15 325 69.2 13.8 61.6 - 76.9 

ELISA positive live ewes (%) 15 101 34.8 30.8 17.7 - 51.8 

Other breeds 

 
 

   Ewe mortality (%) 8 34,678 8.0 2.9 5.6 - 10.4 

Scanning (%) 5 29,588 147.8 27.9 124.5 - 171.1 

Tailing (%) 5 29,620 120.2 23.8 100.3 - 140.1 

Lamb loss (%) 3 25,420 18.4 5.7 13.6 - 23.2 

Farmer susp. OJD (%) 4 163 24.7 26.3
1
 0.0 – 73.0 

PM-confirmed OJD (%) 4 65 32.2 14.4 20.2 - 44.2 

ELISA positive PM ewes (%) 4 65 29.4 16.8 3.2 - 55.6 

ELISA positive live ewes (%) 5 96 6.8 8.1 0.0 - 16.8 

1
 Std. assumed to be the same as for fine wool breeds due to lack of data on farm variability of other 
breeds (mean and STD were unlikely to be representative for ‘other breeds’ in the general 
population). 

 
 
 

Table 4: Observed ewe loss, proportion of dead OJD ewes suspected by farmers, 
proportion OJD confirmed among ewes examined by post mortem (PM), and estimated 
OJD loss of ewes in the study farms.  

  Mean/Median STD/IQR 95% sure* 

Fine wool       

Flock mortality 7.3% 2.7% <12.7% 

OJD suspected by farmer 59.0% 26.3% >20.0% 

OJD confirmed by PM 73.0% 17.7% >37.6% 

Estimated annual OJD mortality** 2.8% 1.6 - 3.7%   

Other breeds       

Flock mortality 8.0% 2.9% <13.8% 

OJD suspected by farmer 24.7% 26.3% <50.0% 

OJD confirmed by PM 32.2% 14.4% <61.0% 

Estimated annual OJD mortality** 0.4% 0.2 - 0.7%   
*Limits calculated as 1 or 2 STD (as reasonable) above or below the mean; these determined the 
parameters for the stochastic simulation of OJD mortality (Fig. 1)  
**Median based on stochastic simulation of the product of probabilities of flock mortality, OJD 
suspected by farmer and OJD confirmed by PM; IQR = inter-quartile range (25

th
 - 75

th
 percentiles), 

Figure 1. 
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These observed proportions were entry parameters for stochastic modelling of OJD mortality 

and the associated economic outcomes. Results are shown in Table 4 with the uncertainty 

margins from the stochastic analysis. The product of overall ewe mortality * the proportion 

of dead ewes in chronic wasting state submitted to PM * the proportion PM-ewes with 

confirmed OJD resulted in the estimated annual OJD mortality with an associated interquartile 

range. Stratified by breed category, OJD mortality was 4-fold as high in fine wool breeds 

(2.8%) as in other breeds (0.7%), with substantial variation between farms. The posterior 

distribution of OJD mortality for the two breed categories (Figure 1) demonstrates this strong 

breed association. The relatively large variation in fine wool breeds reflects uncertainty as well 

as observed farm to farm variation, but is likely to be robust against selection bias. On the 

other hand, the relatively small range for other breeds might have been poorly informed (low 

statistical power) and possibly biased due to only 4 farm-years contributing information. 

 

  
Figure 1:  Estimated OJD mortality of ewes in fine wool (left) and other breeds (right) with median shown as 

vertical line and interquartile range (IQR, 25
th

 – 75
th

 percentiles). 

 

Since total mortality in Merino and other fine wool breeds was not different from Romney and 
other non-fine-wool breeds, but OJD mortality was four times as high, it follows that mortality due 
to other causes was lower in fine wool breeds. This reflects positively on farmers of fine wool 
breeds to manage sheep for better survival. 

 

Live ewes suspected to have OJD 

Live ewes in relatively poor condition (BCS=1) but not targeted for culling were also sampled 

to estimate OJD in animals not yet targeted for culling but suspected of having OJD. This was 

done to estimate the extent of sub-clinical loss. Among a total 197 ewes tested by blood-serum 

ELISA, the averages of prevalence for the 15 fine wool and 5 flocks with other breeds were 

34.8% (STD=30.8%, n=101) and 6.8% (STD=8.1%), respectively, indicating that the test positive 

ewes were in the early stages of clinical OJD and likely shedding. Again, this proportion  varied 

greatly between farms suggesting a strong farm dependency, similar to PM-ewes, probably 

augmented by a difference in farmer’s criteria for submitting poor-conditioned ewes for 

sampling. As in PM-ewes, ewes of fine wool breeds demonstrated a pre-disposition to OJD: they 

were about 5 times as likely to be ELISA positive (p<0.0001) when compared to other breeds. 

Results are shown in Table 3. There was a distinct seasonal variation of ELISA prevalence in 

both breed types (Figure 2) suggesting a stress-related antibody response at times of weaning 

and shearing in latently or sub-clinically infected/affected ewes. The figure shows that ELISA 
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S/P (i.e. titre) were markedly higher in fine wool than other breeds.  

 

Figure 2: Scatterplot and Loess trend lines showing seasonal variation of ELISA test prevalence in live ewes 
of fine wool (blue) and other breeds (red) 

 

Other causes of Ewe-Wastage 
 

Causes of death among PM-ewes other than OJD were in order of frequency: parasites, poor 

molars, poor feet or footrot, respiratory disease, and enteric diseases, and other causes 

such as bearing, pink eye, mummified foetus, mastitis, osteomyelitis, or arthritis (Table 5). 

Breeds other than fine wool were particularly prone to parasite infestation and poor teeth.  

 

Table 5: Diagnoses of post mortem examination of ewes ranked frequency in fine wool (n=325) 
and other breeds (n=65). 

 

Category Fine 
wool 

Other breeds Total 

Ewes (n) 325 65 390 

OJD 72.9% 32.3% 66.2% 

Parasites 7.4% 13.8% 8.5% 

Poor teeth 6.2% 16.9% 7.9% 

Poor legs/feet/footrot 4.9% 1.5% 4.4% 

Other conditions 4.6% 27.7% 8.5% 

Respiratory disease 2.2% 1.5% 2.1% 

Enteral disease 1.8% 6.2% 2.6% 

 
 

 

In Table 6, causes of ewe deaths are listed as observed and recorded by farmers. This series 

includes causes that were not seen in the PM-ewes above. The difference seen between 

causes listed for PM-ewes and farmer observed ewe deaths is mainly due to the inclusion of 

causes for sudden death not associated with chronic loss of body condition, such as bearings, 

lambing difficulties and found dead.  
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Table 6: Farmer reported cause of ewe wastage ranked by frequency (n=1,558). 

  Fine wool 
Other 

breeds 
Total 

Farmer observed ewe deaths (n) 1,283          275  1558 

Dog Tucker 29.8% 0.0% 24.5% 

Lambing Difficulties 9.0% 16.0% 10.2% 

Found dead  10.8% 1.8% 9.2% 

Bearing 7.1% 10.5% 7.7% 

Poor condition (BCS  1) 29.2% 24.7% 28.4% 

Misadventure 4.8% 4.7% 4.8% 

Metabolic 3.6% 0.0% 3.0% 

Cast (incumbent) 1.1% 7.6% 2.2% 

Mastitis 1.9% 0.0% 1.5% 

Unusual events* 1.9% 31.6% 7.2% 

Other suspected causes** 0.9% 2.9% 1.2% 

*Unusual events: killed for mutton (12), snow (13) included in overall mortality, hence included here 
**Other suspected causes: cancer eye, fly-strike, hypothermia (Salmonella and cold weather excluded) 

 
 

Fine wool breeds were about twice as prone to being classified as low BCS or selection for ‘dog 

tucker’ which are typical signs for OJD. Because farmers submitted ewes to post-mortem 

examination when they were in very low body condition (BCS=1), the proportion of deaths 

of ewes in poor body condition was an indication of the proportion of ewe deaths in the 

total flock. Consequently, this relates the selection of PM-ewes back to the total flock (see 

p.11, sections (i) to (iii)). 

 

 

Production loss due to OJD 
 

Methodology and assumptions: A previous baseline survey of 137 NZ sheep farms (Verdugo 

2013), most of which were not fine wool breeds, showed that 110/137 (80%) breeding flocks 

were infected and 27/137 (20%) were likely not infected (pooled fecal culture and ELISA 

negative). The survey was based on a relatively small, random sample of 20 mixed age 

ewes per flock tested by fecal culture and ELISA. Thus, a positive flock was likely to have a 

reasonably high prevalence of infected ewes, and therefore likely to be clinically affected 

by OJD. On the other hand, a proportion of negative flocks might also have been infected, yet 

with likely fewer or no clinical and death occurrences. These data were therefore regarded 

as conservative estimates. True infection rates might well be higher. 

Of the 80% infected flocks of this survey, 50/137 (36%) of flocks had not observed clinical 

cases, 44/137 (32%) had a case incidence of 0-1.5%, and 16/137 (12%) reported annual clinical 

OJD incidence >1.5% (Figure 3). 
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Figure 3: Farmer observed annual clinical OJD incidence in 137 survey flocks (data 

extracted from the base-line study of Verdugo 2013) 
 
 

For approximations and extrapolation of economic effects at industry level, these data were used 
to generate the following parameters and assumptions: 

 

i. 20% of flocks in ‘other breeds’ were not infected or infected at negligible prevalence; 

ii. 36% of flocks in ‘other breeds’ were infected and had negligible production loss 

due to OJD, hence any loss due to OJD on such farms was ignored. Therefore, 56% 

of the lamb producing flocks were assumed to have no economic loss due to OJD 

(Figure 3); 

iii. 32% of flocks in ‘other breeds’ had moderate OJD mortality considered to be half 

the amount of the total loss of severely affected flocks; these assumed 50% were 

varied between 25 and 75% in both, the stochastic and sensitivity analyses; 

iv. The remaining 12% of  flocks in ‘other breeds’ were severely affected by OJD 

mortality similar to the farms in this study (‘other breeds’); 

v. The observed mortality ratio of fine wool breeds vs. other breeds was 4:1. It was 

assumed that 40-70% fine wool breed farms in the country experience the same 

severe mortality that we observed in this study which is an approximately 4-fold 

higher proportion for fine wool flocks than other breeds. The assumption was 

subjected to stochastic analysis (Annex I).  

vi. The percentage of fine wool farms with moderate production loss was assumed 

to be 1.25 times as high as that of other breeds, hence 40% (1.25*32%), with 

a range of 1-1.5 as an uncertainty range; 

vii. The remaining proportion of fine wool farms (2%) were either not infected or 

experienced negligible production loss due to OJD, which was set to zero for 

calculating the loss in the population. 

These assumptions and calculations gave rise to the distribution of sheep farms in the 

population affected at various levels of OJD-severity from not-infected to severe loss (OJD 

mortality as observed in the study). At population (i.e. industry) level weighted by the 

percentage of farms with fine wool breeds, the average of the two breed categories 

suggested that there were 14% of the farms in the population with severe, clinical OJD-loss 

with mortality rates similar to those observed in the study. A further 33% would be affected 

half as much as the severely affected farms, 34% would be infected but not clinically 

affected, thus have zero OJD related loss, and 18% were likely not infected (Figure 4). Again, 
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these parameters were subjected to uncertainty and sensitivity analysis (+/- 50% of the mean). 

 
Figure 4: Assumed proportion of farms in the population that were affected by OJD mortality 
as observed in study farms (14%), or by half of this rate in moderately affected farms (25%). 

 
 

The economic analysis was stratified by breed category because OJD was more prevalent and 

more severe in fine wool breeds. Here it was assumed that 46% farms with fine wool breeds 

and 12% farms with other breeds were in the severely affected category, 48% fine wool 

farms and 32% farms with other breeds were in the moderately affected category, and the 

remaining farms were not affected by loss due to OJD (Figure 5). Again, the impact of these 

parameters was tested in the sensitivity analysis. 

 
 

 
Figure 5: Assumed proportions of farms in the population affected by severe or moderate 
OJD mortality by ewe breed (‘Population’ = weighted by 7.8% fine wool breeds in NZ; 
‘overall’ combines breeds in proportions as in the total population, i.e. industry level). 

 
 

 

Little information was available about the impact of OJD on the productivity of sheep flocks 

from previous studies. A New Zealand study of Morris et al. (2006) evaluated the OJD 

status of 3,633 Romney, Merino and Merino x Romney-cross ewes. During the 8- year follow-
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up period, examining ewes by post-mortem histopathology resulted in an annual clinical 

incidence of 1.1% of the ewes present at mating. The age of ewes that were clinically 

affected by OJD at disposal (3.41 years) was 1.62 years lower than non-clinically affected 

sheep (5.03 years). Live weight of ewes with clinical OJD was 10.5% lower and greasy fleece 

weight 0.54kg lower than in ewes not affected by OJD. In an Australian study, Bush et al. 

(2006) monitored 12 farms in New South Wales and found a reduction in the gross margin 

of farms ranging 2.2% to 15.4% per year due to OJD mortality. 

Sub-clinical loss: The amount of sub-clinical loss due to OJD was estimated to be the 

proportional loss of productive life due to OJD ewes dying earlier than non-OJD ewes. The 

difference in expected life-years was taken away from the profit from an average ewe in one 

year, and the product was applied to the proportion of ewes alive that were likely to suffer 

sub-clinical loss. An estimate of the number of OJD affected ewes in the flock was 

calculated from the proportion of ewes in moderate to low body condition (BCS 1) in the 

flock that were ELISA positive. 

 

Table 7: Age (years) of PM-ewes that died due to OJD and those that died for other reasons (non-OJD) 

 

 

The age distribution of PM-ewes was about normal, but clearly different in ewes that died 

due to OJD rather than due to other reasons (Figure 5). Medians and means of ages were 

similar and there was a large overlap in age between the two groups. This suggests that 

inferences about sub-clinical loss are likely to vary substantially between farms due to 

differences in animal and farm management, in addition to effects of OJD. Therefore, 

predictions for individual farms are deemed to be extremely variable whereas estimates 

across populations are likely to be consistent. 
 

 
Figure 5: Age distribution of ewes that died due to OJD and ewes dying due to other 

reasons (non-OJD) 

 
 

The lifetime difference was calculated as the inverse of the age at PM of ewes without OJD 

(5.2 years; 4.8-5.5) minus the age of ewes with OJD (4.7 years; 4.4-4.9; Table 7). The observed 
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difference of 0.48 years was substantially lower than the estimate of Morris et al. (2006) 

indicating that the impact sub-clinical OJD in this study was likely not overestimated. 

The proportion of live ewes with BCS=1 was assumed to be 5% of the ewe flock. Thus, if 40% 
of 5% of fine wool breed flocks had sub-clinical OJD loss, this would affect 2% of the ewes 
(Table 8). 

 
Table 8: Sub-clinical loss per ewe and total/year for a 2,000 ewe flock (median and 
interquartile range) due to OJD in ewes due to reduced lifetime production.  

 

   Fine wool breeds   Other breeds   

Ewe flock size 2,000 2,000 

% OJD in live ewes (ELISA+) 40% 11% 

% live ewes in BCS=1 (assumed) 5% 5% 

% ewes affected by sub-clin. OJD 2.0% 0.6% 

Profit/ewe+year 45.0 35.0 

Productive years lost to OJD 0.48 0.48 

Subclinical loss/ewe in flock $0.55 (0.36 – 0.81) $0.10 (0.07 – 0.13) 

Total subclinical loss in flock/year ‘000 $1.1 (0.7 – 1.6) $0.2 (0.1 – 0.3) 
 

 

Further assumptions: The calculation of production loss due to OJD and vaccination efficiency 

was based on assumptions shown in Table 9. Farm monitoring data of Agrinetworks StockcareR 

were consulted for assumptions on production performances, farm gate prices, cost and sales 

parameters. 
 

 

Table 9: Assumptions for the estimation of production loss and benefit/cost of vaccination
4

 
 

Assumptions Fine wool breeds Other Breeds 

Revenue meat per lamb sold $90 $90 

Revenue fleece per ewe $40 $17 

Revenue fleece per lamb $40 $0 

Health + feed cost per day to finish $0.11 $0.11 

Revenue meat/salvage ewe $50 $70 

Revenue fleece/salvage ewe $40 $17 

Cost of a replacement ewe $105 $105 

% ewes with BCS = 1 5% 5% 

Vaccine efficacy (Dhand et al 2013) 72% 72% 

Cost of vaccine per dose $3.50 $3.50 

Cost of vaccination (labour) per ewe $0.50 $0.50 

Ewe lambs vaccinated (% of female lambs born) 60% 50% 
4 

Figures that are not referenced come from expert opinion of Dr Anne Ridler (Massey University) and Peter Anderson (co-
author). 

 
The value of lambs lost was adjusted for saved production cost, such as health, feed, labour. 

The revenues from sale of lambs ($90) and of wool fleece ($40; only fine wool) were adjusted 

for the cost of pasture and labour ($0.20/day): 30% lambs would be sold at weaning (‘store’) 

and 70% at average periods of 100 days for other breeds and 240 for fine wool breeds, the 

latter to maximise wool harvest. The flock replacement rate of 25% was regarded as being 
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highly variable between farms. The variability of these input parameters on production 

loss due to OJD (and on the profitability of vaccination) was included in the stochastic 

analysis. 

 

Total production loss: Cost due to OJD associated lamb, ewe, replacement and sub-clinical 

loss in the two breed categories are shown in Table 10. Given breed specific reproductive 

and sales performance, the annual loss for a farm with 2,000 fine wool ewes was $13–26,000 

and $3–7,000 for other breeds. This renders the average loss in fine wool farms 4 times as 

high as in farms with other breeds. While about 30% of the total loss was due to ewes, lambs 

and replacement, the contribution of sub-clinical OJD was relatively small (5-6%). 
 

Table 10: Annual cost in of OJD (median and interquartile range) for a study farm of 

2,000 ewes with either fine wool (Merino, Corriedale, Halfbred) or other 

breeds (Romney, Composite). 
 

 Fine wool Other breeds 

 

No of ewes 
 

2,000 
 

2,000 

Annual death % due to OJD 2.8% 0.7% 

Ewe loss (‘000 $) $5.1 (3.4 – 7.2) $1.3 (0.7 – 2.0) 

Lamb loss (‘000 $) $6.4 (4.2 – 9.2) $1.6 (0.9 – 2.5) 

Ewe replacement cost (‘000 $) $6.0 (4.0 – 8.4) $1.5 (0.9 – 2.5) 

Cost of subclinical OJD (‘000 $) $0.9 (0.5 – 1.3) $0.2 (0.1 – 0.3) 

Total OJD production cost (‘000 $) $18.8 (13.0 – 26.0) $4.6 (2.9 – 7.2) 

OJD production cost per ewe  $9.4 (6.5 – 13.0) $2.3 (1.4 – 3.6) 

 
 

Cost-Benefit of Vaccination 
 

While no farms had vaccinated all their ewe-lambs currently in their flocks, several farms had 

vaccinated replacement ewes in some years. Farms vaccinating against OJD reported 

lower rates of OJD among dead ewes (16.3%) than farms not vaccinating (30.1%, extracted 

from Table 1). Conversely, farms vaccinating reported similar overall ewe death rates (7.3%) 

as farms not vaccinating (8.0%). However, any inference about a vaccine effect is likely to 

be biased by farmer observation, as farms using OJD vaccines may be expected to 

assume vaccine as efficient and thus bias their observation of OJD related death downwards. 

Thus retrospective farm level data are not appropriate for evaluating the cost effectiveness of 

vaccination. 

 

Some data were available from the vaccination history of PM-ewes. Table 11 compares post-

mortem and ELISA findings in 25 vaccinated vs. 300 unvaccinated fine wool ewes (none of the 

other breeds were vaccinated). Whereas ELISA levels and prevalence were similar in these 

groups (p>0.2), the proportion of clinical OJD was about 3 times as high in unvaccinated ewes 

(p<0.0001). Other breeds (all unvaccinated) had lower ELISA prevalence and antibody level 

(ELISA_SP), and similar proportion OJD in PM-ewes as vaccinated ewes of other breeds. These 

results are in line with previous reports of little impact of vaccination on the susceptibility to 

infection, but strong impact on the progression towards clinical disease in sheep (Dhand et al 



 

22  

2013) and deer (Stringer et al 2013). 

 

 

  Table 11: Sub-clinical loss due to OJD in ewes based on reduced productive life   

 

    n   Mean St.Err. 95% Conf. Int. 

Fine wool 
     not vaccinated OJD PM-positive 300 73.0% 2.6% 67.9 – 78.1 

 
ELISA_SP 300 80.9 3.3 74.5 - 87.3 

 
Sero-positive 300 68.8% 2.7% 63.5 – 74.1 

vaccinated OJD PM-positive 25 28.0% 9.2% 9.1 – 46.9 

 
ELISA_SP 25 84.4 13.0 57.6 - 111.1 

 
Sero-positive 25 64.0% 9.8% 43.8 – 84.2 

Other breeds 
     not vaccinated OJD PM-positive 65 27.7% 5.6% 16.5 – 38.9 

 
ELISA_SP 65 30.1 5.7 18.8 - 41.4 

  Sero-positive 65 26.2% 5.7% 14.9 – 37.6 

 
 

 

Vaccine efficacy was evaluated on three farms in Australia by Reddacliff (2005) who found 90% 

reduction of clinical incidence and 90% reduction in shedding of vaccinates infected with MAP 

compared to controls. A later review of vaccination effects by Dhand et al. (2013) concluded 

that the vaccine efficiency was likely far lower, hence 90% appeared to be an overly optimistic 

assumption. Following Dhand at al. (2013), vaccine efficacy in this study was therefore assumed 

to be 72% with a 95% credible range of 50-86%. Similar vaccine efficacy was observed in a 

clinical trial of deer (Stringer et al 2013). Labour cost for vaccination was assumed to be 

$0.5/ewe in addition to vaccine cost of $3.5/lamb, a total of $4.0/lamb.  

The cost efficiency of vaccination was modelled stochastically using the data from this 

study (Table 12). Uncertainty ranges considered the variation between farms. The calculation 

considered that 60% of the ewe lambs tailed/weaned are vaccinated. This would provide 

a pool of 600 female replacement lambs equivalent to 30% of the ewe flock. At the 25% 

replacement rate for fine wool breeds, this would allow using 500 lambs for replacement 

from the available 600 vaccinated lambs at a selection rate of 83%. Hence, 160 (17%) female 

replacement lambs would be sold for meat. The equivalent rate for other breeds was 50% 

of lambs tailed/weaned as their lambing percentage was higher. 

Due to the higher OJD mortality, the results suggest that vaccinating fine wool breeds against 

OJD may be cost-efficient in most flocks. One dollar investment resulted in $5 return which was 

realized by 99% of the simulated fine wool flocks. The equivalent for other breeds was $1.6 

achievable by 83% of the flocks (Table 12; Figure 6). A 2,000 ewe fine wool flock would gain 

$7–16,000 from vaccination every year, and flocks with other breeds up to $0.5–3,000. 
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Table 12: Stochastic distributions of the benefit-cost (BC) and B/C ratio of vaccinating lambs against OJD 
in fine wool and other breeds in a breeding flock with 2,000 ewes affected by high OJD 
mortality.  

 

 Fine wool Other breeds
1
 

Flock size (no. ewes) 2,000 2,000 

OJD mortality 2.8% (1.9 – 4.0) 0.7% (0.4 – 1.2%) 

Vaccine efficacy 72.3% (65.0 – 78.9) 72.3% (65.0 – 78.9) 

Cost of vaccination 

% ewe lambs vaccinated 60% 50% 

No. ewe lambs vaccinated 600 500 

Total lamb vaccine cost $2,400   $2000 

Benefit from vaccination 

Total loss due to OJD(‘000) $18.8 (13.0 –26.0) $4.6 (2.9 – 7.2) 

Achievable benefit(‘000) $13.3 (9.1 – 18.7) $3.2(2.0 – 5.1) 

Cost - Benefit of vaccination (‘000) $10.9 (6.7 – 16.3) $1.2 (0.5 – 3.1) 

   Benefit cost ratio (BCR)   5.4 (3.8-7.8) 1.6 (1.0 – 2.6) 
 

 
1 Due to few farms contributing data, estimates for ‘other breeds’ are farm specific, and not necessarily 

population average. 
 

 

  
Figure 6:  Stochastic distribution of the benefit/cost ratio of vaccination in fine wool (left) and other 

breeds (right). The vertical line represents the break-even point (99% of fine wool flocks 
achieved positive returns). Due to few farms contributing data, estimates for ‘other 
breeds’ are farm specific, and not necessarily population average. 

 

As suggested by the manufacturer of the vaccine GudairR5 which is registered for use in 

sheep in New Zealand, carcasses may be downgraded due to swellings in a high proportion 

of lambs at the injection site that may develop into an abscess. However, no cost was 

attributed to trimming or downgrading of carcasses during processing in this model.  

Regulations governing the management of OJD vaccinated stock in New Zealand have recently 
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changed so that excessive trimming or detaining of carcasses is no longer required at 

processing.   

Due to the large farm-to-farm variation of most input parameters such as mortality and 

replacement rates, averages generated by this study do not hold for every farm. Large 

variation would see many lamb-producing farms (i.e. ‘other breeds’) not profiting from 

vaccination. Vaccination may be advisable for farms where OJD incidence and OJD mortality 

are regularly observed. Here ‘observed’ means that OJD was sufficiently high to be obvious 

and caught by the attention of the farmer. Preliminary outputs from dynamic OJD modelling 

suggest a threshold of >1% clinical OJD incidence before vaccination becomes cost effective. 

The results from this study tend to confirm such a threshold level of OJD. It is pointed 

out that a rational decision for vaccination should be based on observed OJD incidence of 

mortality and/or clinical disease. Hence farms suspecting high OJD mortality are advised to 

monitor the disease on farm. 

Nevertheless, a high BCR for vaccination on farms with fine wool breeds makes it likely to be a 

financially attractive intervention for Merino, Corriedale or Halfbred farms, provided there is 

substantial OJD mortality in the flock. 

 

Table 13: Cost of OJD due to lost production for fine wool and other breeds, and to the NZ industry 
 

 Fine wool Other breeds NZ industry 

No. ewes in population 1,560,000 18,440,000 20,000,000 

OJD mortality of ewes 2.8% 0.7% 0.7% 

% farms not infected 2% (1.6 – 3.1) 20% (14 – 26)  

% farms infect. negligible mortality 0% (0.0 – 1.6)* 33% (23 – 41)  

% farms infect. LOW OJD mortality 46% (33 - 60) 37% (27 – 48)  

Reduced mortality** 50% (43 – 57) 50% (43 – 57)   

% farms with study OJD mortality 67% (56 – 77) 11% (8 – 14)  

Total loss due to OJD (million $) $12.8 (8.7 - 18.4) $12.0 (7.1 – 19.5) $26.7 (19.3-36.2) 

Total population loss per ewe $8.2 (5.5 – 11.8) $0.6 (0.4 – 1.1) $1.3 (1.0 – 1.8) 

*Mean of 4% and median 0% due to a skewed distribution  
**Baseline is the OJD mortality observed in this study, e.g. flocks with LOW mortality were assumed 

to have 50% of the OJD associated loss observed in the study farms. 
 

 

Estimated industry loss 

The data generated from this study were not ideal for any inference at population level 

beyond the farms and flocks included in the 2-year observation period. However, an attempt 

was made to get a first crude estimate of estimated industry loss by combining early results 

from a population based JDRC survey 2008-2010 (Verdugo et al 2013) with OJD specific loss 

estimates from this study. This led to the assumptions and uncertainty ranges shown in Table 

13 and Annex I which may not be unreasonable and should be viewed as conservative rather 

than inflating. The total annual loss of OJD to the New Zealand sheep industry was estimated 
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to be NZ$19-36 million of which about half was contributed by farms with fine wool breeds 

which make up only 7.5% of the sheep industry (1.6 of 20m). 

 

This resulted in an annual loss per ewe of $6-12 per year for fine wool and $0.4 – 1.1 per year for 

other breeds at industry level, which was similar to fine wool breeds of this study (Table 10), but 

different for other breeds (Romney, Composite etc.) due to far fewer OJD affected farms in the 

population. On account of the few farms with other breeds in this study, population estimates for 

those breeds may be biased and can therefore not be generalised. In view of the wide range of 

assumptions and the attributed uncertainties for each of them, the total production loss varied 

widely with a 90percentile range of $14 – 47 million and an inter-quartile range of $19 – 36 

million, the median and most likely estimate being $27 million (Figure 7). 

 
 

 
Figure 7: Total estimated industry loss due to OJD 

 

Results of a sensitivity analysis (Table 14) suggest that increasing or decreasing OJD mortality 

(±50%) had a strong impact on OJD cost to the industry and on BCR of vaccination. However, 

these changes did not decrease vaccination efficiency below break-even for fine wool of 

above break-even for other breeds. Thus inferences about the cost effectiveness of 

vaccination were robust against changes in this key parameter.  

High or low replacement rates had no impact on OJD associated economic loss or BCR for 

vaccination at all. Obviously, even with relatively high OJD flock mortality, there will 

always be more ewe-lambs weaned than required for replacement. The proportion of 

ewes in poor body condition (BCS=1), and thus the proportion with suspected OJD, had strong 

impact on the loss of production due to OJD, hence on the loss to the industry. This parameter 

was therefore influential. It appears prudent to keep animals in good body condition and 

monitor the body condition of ewes for early recognition of OJD in the flock. The seemingly 

critical assumption about the extent of the loss on moderately OJD affected vs. strongly 

affected farms in the population (‘%LOW’ in Table 8) had relatively little impact on economic 

loss, no effect at all on the cost effectiveness of vaccination and moderate impact on the 
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estimated OJD associated industry loss (Table 14). 

 

 

Table 14: Sensitivity analysis of critical assumptions on total industry loss and benefit-cost-ratio (BCR) 
of vaccination (baseline parameter). 

 

 Cost to industry BCR fine wool BCR other breeds 

Baseline $26.7m 5.4 1.6 

OJD mortality (2.6%/0.8%) 

-50% $10.5m 2.7 0.4 

+50% $29.2m 7.6 1.3 

Replacement rate (25%) 

-50% $26.4m 5.2 1.6 

+50% $26.2m 5.3 1.6 

% ewes in flock BCS=1 (5%) 

-50% $25.3 5.0 1.6 

+50% $26.7 5.3 1.6 

% reduced loss for LOW farms (50%) 

-50% $20.5m 5.4 1.6 

+50% $30.4m 5.4 1.6 

 
 
 

MAP-Virulence 
 

A set of samples of tissues from 97 ewes (12 farms) were selected and submitted for culture 

and MAP genotyping at AgResearch. Genotypes were classified by Variable Number 

Tandem Repeat/Short Sequence Repeat ( VNTR/SSR) typing methods and compared to 

histo-pathological findings. It was found that there was a much smaller diversity of strain 

types (ST) in these samples than those present in clinical healthy sheep (Verdugo et al. 2015). 

In fact, almost all ewes with clinical OJD carried a single MAP type. Results suggest that 

dominant strains may cause almost all OJD related morbidity and mortality, and that on the 

other hand, farms not harbouring this dominant sheep strain may not suffer any significant 

economic loss due to OJD. However this hypothesis requires more robust scientific evidence. 

These preliminary results were presented at the International Colloquium for 

Paratuberculosis in Parma/Italy, June 2014.  

 

Recent work undertaken with MAP isolates collected from cattle in Canada has concluded 

that VNTR may often fail to detect genetic relationships between isolates and that whole 

genome sequencing (WGS) would be more stable and accurate and therefore preferable 

(Ahlstrom et al 2015) as an analytical technique to establish a relationship between MAP 

strains and virulence. Work is under way at Massey University, to subject isolates generated by 

this study to WGS in collaboration with Ahlstrom and co-workers and AgResearch.  
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Annex I : Parameters and assumptions of stochastic simulation modelling OJD economics 
 

Measurement Distribution 

Parameters of the distribution Assumptions about parameters Source 

Fine wool Other breeds Fine Wool 
Other 

breeds  

Overall mortality beta a = 8.9379, 
b=101.8004 

a=9.0847, 
b=93.9738 

mode=0.073  
95%sure <0.127  

mode=0.08 
95% sure 

<0.138 

this 
study 

Farmers observed ewe death 
suspected to be OJD 

beta a=3.0472 
b=2.8597 

a=3.1156 
b=16.2253 

mode=0.524 
95%sure >0.3 

mode=0.122 
95%sure 

<0.313  

this 
study 

Post mortem confirmed  OJD beta a=4.9712 
b=2.4688  

a=3.6147  
b= 6.5055 

mode=0.73  
95%sure >0.376 

mode=0.322 
95%sure 

<0.61 

this 
study 

Lambing percentage normal mean= 0.98 
sd=0.17 

mean= 1.26 
sd=0.072 

Na Na this 
study 

Proportion of lambs delayed for 
finishing  

normal mean= 0.5 
sd=0.05 

mean= 0.5 
sd=0.05 

Na Na expert 
opinion 

Days to finish post wean normal mean=240 
sd=24 

mean=100 
sd= 10 

Na Na expert 
opinion 

Death rate weaning to finish beta a= 6.4243  
b= 176.3867 

a=6.4817 
b=214.7868 

mode=0.03, 95% 
sure<0.06 

mode=0.025 
95% sure 

<0.05 

expert 
opinion 

Annual replacement rate  beta a=3.8761  
b= 9.6284 

a=3.8761  
b= 9.6284 

mode=0.25, 95% 
sure <0.5 

mode=0.25 
95% sure 

<0.5 

expert 
opinion 

Proportion of suspect live ewes 
ELISA positive  

beta a=3.0818  
b= 3.1668 

a=15.41  
b= 130.70 

mode=0.49, 95% 
sure <0.8 

mode=0.10  
95% sure 

<0.15 

this 
study 

Proportion of ewes with low body 
condition score 

beta a= 6.1946  
b= 99.6983 

a= 6.1946 
b= 99.6983 

mode= 0.05 ,95% 
sure <0.1 

mode= 0.05 
,95% sure 

<0.1 

this 
study 

Profit per ewe per year  normal mean= 45 
sd=4.5 

mean= 35 
 sd= 3.5 

Na Na expert 
opinion 

Productive years lost to OJD  normal mean= 0.48 
sd=0.048 

mean= 0.48 
sd=0.048 

Na Na expert 
opinion 

Vaccine efficacy  beta a= 13.3221  
b= 6.2809 

a= 13.3221 
b= 6.2809 

mode= 0.7, 95% 
sure >0.5 

mode= 0.7 
95% sure 

>0.5 

Dhand 
et 

al2013 

Proportion of population not 
infected with OJD 

triangle mode= 0.02 
min=0 

max=0.05 

mode=0.2 
min=0  

max= 0.4 

Na Na Verdugo 
2013 

Proportion of population infected 
with OJD with no mortality  

triangle  mode=0.36 
min=0  

max= 0.6 

  Verdugo 
2014 

Proportion of population infected 
with OJD with high mortality  

triangle  mode= 0.12 
min= 0 

 max= 0.2 

  Verdugo 
2015 

Proportion loss in low mortality 
flocks relative to high mortality 
flocks  

triangle mode=0.5 
min= 0.25 
max= 0.75 

mode=0.5 
min= 0.25 
max= 0.75 

    expert 
option 

 


