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Abstract 

Whereas more than half of all herds and flocks of New Zealand sheep, deer, beef and dairy cattle are 

infected by Mycobacterium avium ssp. paratuberculosis (MAP), the annual incidence of clinical 

Johne’s disease (JD) in infected farms is below 1% with critical levels in only a small proportion of 

herds and flocks. Nevertheless driven by animal welfare and productivity issues associated with this 

wide spread disease, livestock industries, research providers and government started an 

unincorporated joint program called Johne’s Disease Research Consortium (JDRC) in 2008 in order to 

coordinate JD research in New Zealand. Based on these research findings New Zealand livestock 

industries have undertaken activities aimed at reducing farm-level prevalence of JD. This review 

provides background information about JD and current control measures in the four major livestock 

industries, beef, dairy, sheep and deer. 

While eradication is not targeted, all industries aim to reduce the number of farms with a high clinical 

JD incidence. For dairy, this is to be achieved through voluntary participation of concerned farmers in 

a program using a ‘Toolbox’ of guidelines for JD risk management, monitoring and testing clinically 

suspected animals by ELISA. In addition, a susceptibility index for breeding sires has recently been 

developed. Control of JD in beef herds is not a priority, but guidelines exist for the early identification 

and removal of clinically diseased animals and their offspring using a serum ELISA. For sheep 

breeding farms, especially Merino and other fine wool breeds, the recommendation is to vaccinate 

replacement lambs if the annual JD incidence among ewes is >1% as field studies and modelling 

suggested this as a threshold for positive financial returns accruing after 5 years of starting 

vaccination. The deer industry has been proactive in prioritising JD control by implementing a 

national abattoir JD surveillance program since 2007. In addition, deer farmers are encouraged to 

participate in a national network of veterinarians specially trained in the management and control of 

JD on deer farms. A JD control manual ‘JDOne’ was made available for developing farm-specific, 

risk based JD control measures. A vaccine is available for vaccinating replacement hinds at weaning 

that has been shown to reduce the clinical JD incidence. It is too early for these programmes to have a 

full impact. However, preconditions exist for farmers with a JD problem in their livestock to 

participate in systematic activities that are likely to reduce the JD incidence on their farms and thus, 

the prevalence of MAP infection in New Zealand’s farming industries.  

 

1. Introduction  

Paratuberculosis or Johne’s disease (JD) is a chronic, contagious bacterial disease of cattle, sheep, 

goats, deer and wild ruminants and is generally characterized by long incubation period, chronic 

diarrhoea, slowly progressive wasting and death (Harris and Barletta 2001; Sweeney et al. 2012). It is 
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caused by Mycobacterium avium subspecies paratuberculosis (MAP), a slow growing, Gram-positive, 

facultative acid fast bacillus. Named after the host species from which the pathogen was isolated 

originally, two major MAP strain types exist: “Type S” isolated from sheep and “Type C” isolated 

from cattle (Stevenson 2015). These types are also synonymously referred to as Type I/III and II 

respectively.  

 

Johne’s disease is widely spread globally (Kennedy 2011) and endemic in many countries, but its 

prevalence differs by region within and between countries as well as by livestock species. For 

example reported cow level prevalences were approximately 1-20% (Lombard 2011) in the USA, 

19% (Dreier et al. 2006) in Austria, 9% in Denmark (Jakobsen et al. 2000), 3-7% in the Netherlands 

(Muskens et al. 2000) and 2% in Belgium (Boelaert et al. 2000). On the other hand, herd level 

prevalence of 31-71% (Muskens et al. 2000), 77% (Shook et al. 2012) and 80-86% (Nielsen and Toft 

2009) were reported in the Dutch, the Israeli and the Danish dairy cattle respectively. Similarly, herd 

prevalences in the Unites States dairy and beef cattle were approximately 68% and 8% (Lombard 

2011) and in Belgium 10% and 3% respectively (Boelaert et al. 2000). Finally, flock level prevalence 

of JD in both sheep and goats in Europe based on data from Spain and Switzerland was estimated to 

be greater than 20% (Nielsen and Toft 2009) .  

 

Increasing trends of JD prevalence have been observed in several countries. In the USA the 

prevalence of JD increased from 21.6% in 1996 to 68% in 2007 (United States Department of 

Agriculture 2008). Likewise, rising herd and animal level prevalence has been reported in Austria 

(Dreier et al. 2006). This increasing presence of the disease even in developed countries, in addition to 

growing speculations about links between JD in animals and Crohn’s disease in humans, a chronic 

inflammatory bowel disease with pathological signs resembling JD, has warranted greater demands 

for economically feasible and epidemiologically effective JD control methods (Groenendaal 2005).  

 

The control activities of bovine JD in selected endemic countries have been reviewed in further details 

by Geraghty et al. (2014). Briefly, Australia has initiated a National Bovine Johne’s Disease Strategic 

Plan since 1996. Until October 2015 the country had adopted a risk based trading approach with 

regulated movement restrictions in endemically infected regions (Citer and Kennedy 2009; Geraghty 

et al. 2014). However, a major change in BJD control strategy was made in November 2015, which 

removed the BJD risk-based zonal division and cattle movement restriction thereby allowing 

producers to assess risk on their own and make decisions regarding trade of animals from any 

regions
1
. In The Netherlands, an initial intensive paratuberculosis programme designed in 1998 for 

eliminating MAP has been replaced in 2006 by the current Milk Quality Assurance Program, which is 

directed towards reducing MAP concentration in bulk milk (Weber et al. 2008; Kennedy 2011; 

Geraghty et al. 2014). Since 2006, Canada is controlling JD on dairy farms with a voluntary risk 

based approach to reduce production loss and MAP contamination of milk and meat. Denmark 

provides tools to dairy farmers to reduce prevalence and impact of MAP infection. In the UK, an 

accreditation scheme is offered to dairy farmers enabling herds to move towards MAP clearance and 

reduce production loss. Finally the USA has introduced a national education campaign and voluntary 

programmes that may be varied by individual states Geraghty et al. (2014). 

 

In New Zealand, JD has long been endemic in cattle, sheep and  farmed deer (de Lisle 2002). Until 

recently, nationally coordinated control programmes for different species and production systems did 
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not exist. However, JD outbreaks in deer farms and control programs initiated by New Zealand’s 

international trade competitors have motivated domestic livestock industries to address JD controlling 

more seriously (Burton and Voges 2002). In the last decade, several research investigations have been 

undertaken in order to better understand JD dynamics in New Zealand pastoral livestock production 

system and develop efficient and practical control tools. The current review was funded by the 

Johne’s Disease Research Consortium (JDRC), a joint government and industry funding initiative. 

The review describes the current status of JD and JD-control in New Zealand dairy, beef, sheep and 

farmed deer populations. Table 1 compares key JD characteristics and current control strategies in 

sheep, deer, beef and dairy cattle in New Zealand.  

2. Johne’s disease in New Zealand dairy and beef cattle 

New Zealand has 4.9 million dairy cows of Holstein-Friesian/Jersey crossbred (42.6%), Holstein-

Friesian (37.0%), Jersey (11.7%) and other (8.7%) breeds in 11,927 herds, managed under pastoral 

production system (Livestock Improvement Corporation Limited, LIC and DairyNZ Limited 2014). 

New Zealand produces 3% of the global milk and is the world’s largest exporter of the dairy products 

and in 2013-14, this largest single industry of the country, generated export revenue equivalent to 

NZD 18.1 billion (Dairy NZ Limited 2014). The New Zealand dairy production system is 

characterized by grazing on pastures all year round, almost zero concentrate feeding, and a strictly 

seasonal calving  and lactation pattern (Burton and Voges 2002). It stands in contrast to the majority 

of European and North American dairy systems, where cows are kept in highly intensive housing and 

feeding systems with all year round calving (Food and Agriculture Organisation et al. 2014). In 

addition, there were 11,604 beef and 5,358 mixed sheep and beef farms with 3.7 million beef cattle in 

New Zealand in 2012 (Statistics NZ 2012). Similarly to dairy cattle, beef cattle are kept in an all-year 

grazing, seasonal calving system.   

2.1 Epidemiology of Johne’s disease in dairy cattle 

In New Zealand, JD was first diagnosed in an imported Jersey cow in 1912, and 16 years later two 

cases were identified in in Taranaki (Stephens and Gill 1937). Following that, extensive and steady 

spread of JD was observed in the late 1940s and early 1950s. By 1954, more than 500 cattle were 

condemned due to JD (Chandler 1958).  Surveillance data of dairy farms from 1982 through1986, 

showed 423 (16%) herds in Taranaki were JD positive by histological confirmation (Milestone and de 

Lisle 1986) 

Robust data on national JD prevalence and distribution among New Zealand dairy cattle are currently 

lacking. An estimate of herd prevalence was based on a bulk milk screening by ELISA and suggested 

that 3-5% herds had evidence of MAP infection. The bulk tank ELISA was compared with a sample 

of animal level ELISA which resulted in 25% positive cows in infected herds (Voges et al. 2009). 

Moreover, an analysis of voluntarily reported culling reasons resulted in 8% of New Zealand dairy 

herds culling 0.5% of their cows due to clinical JD every year (Voges 2008). A clinical incidence of 

up to 7.5% cows/year was observed based on a combination of farmer observations and post-mortem 

examinations in six purposively selected dairy farms in Taranaki (de Lisle and Milestone 1989). A 

1999 assessment showed that 47% (n = 427) dairy farmers in the North Island suspected clinical JD in 

their herds in the preceding five years, and the within herd average annual incidence rate was 

estimated at 0.31 per 100 cows (Norton et al. 2009). Recently, Hunnam (2014a) carried out a similar 

questionnaire based postal survey to investigate the prevalence of JD involving 551 dairy farmers 

across the country. Based on diagnosis made by the farmers, the herd prevalence was 54.3% (43.5% 

and 67.8% for the North and the South Islands respectively) and within herd average incidence of 
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0.47% (range 0-6.2%). Based on the studies carried out by Norton et al. (2009) and Hunnam (2014a 

and b), there might have been marginal increases of the herd prevalence and the annual clinical 

incidence of JD in New Zealand dairy cattle in the last 10-14 years.  

There is a general scarcity of data regarding prevalence of JD in New Zealand beef population. Data  

registered by the Ministry of Agriculture and Forestry, when JD was a notifiable disease in New 

Zealand, did not usually allow differentiation between the beef and dairy cattle (Bryan and Cresswell 

2012). In a JDRC funded study, Verdugo et al. (2014a) found a prevalence of MAP infected beef 

herds of 42% (95% credible interval 35-50%) by pooled faecal culture and serum ELISA of 20 

animals per herd. In herds that tested positive for JD, the annual incidence of clinical JD ranged 0.07-

0.34 cases per 100 cattle, hence lower than in dairy cattle (Verdugo 2013). Remarkably, about 80% of 

JD positive beef cattle were infected with the ovine, type I/III of MAP (Verdugo et al. 2014b) and this 

was attributed to grazing contact with sheep. Due to this relatively low clinical incidence and the 

general lack of information regarding disease control, diagnosis or economic impacts, this review 

excludes beef cattle and maintains a focus on dairy cattle.   

In New Zealand and elsewhere, JD in dairy cattle is mainly caused by the bovine type of MAP             

(Moloney and Whittington 2008; Verdugo et al. 2014b) and only sporadically by the ovine type 

(Whittington et al. 2001). It is mainly transmitted via ingestion of faeces, and in the perinatal phase 

through milk and colostrum contaminated by MAP (Windsor and Whittington 2010). Additionally, 

vertical transmission has been reported. A meta-analysis showed that 9% and 39% of foetuses from 

subclinical and clinical cows acquired MAP infection via the uterine route (Whittington and Windsor 

2009). Calves were highly susceptible in the first year of life (Ayele et al. 2001; Mortier et al. 2013),  

while infection of adult animals was far less likely (Windsor and Whittington 2010), but possible 

(Espejo et al. 2013). The incubation period is determined by the infectious dose, age at infection, host 

resilience, environmental factors, and possibly by MAP strain virulence. During the early stage of the 

pathogenesis, the infection is either cleared by the primary immune response or gets established 

resulting in transmittent shedding at calf age (Mitchell et al. 2008) followed by latent infection for 1-2 

years and development of clinical JD in some animals (Wadhwa et al. 2013). 

In their review covering pathophysiology of MAP infection, Tiwari et al. (2006) have reported four 

general stages of infection in dairy cows.  The silent phase which occurs in young stock below two 

years of age is characterized by absence of clinical signs of infection as well as any subclinical 

effects. Infected animals can only be detected by culture or histological examination of intestinal 

microgranulomas or associated lymph nodes. In the subclinical phase animals older than two years 

start shedding pathogens in faeces intermittently. Measurable effects of infection such as reduced milk 

yield and increased calving intervals may occur. Animals are often culled for reasons associated with 

decreased productivity at this stage. The clinical phase is preceded by an extended incubation period 

between two to ten years. The first evident signs include gradual weight loss despite normal or 

increased feed intake. Typically 3-6 months following the onset of weight loss, the final clinical phase 

is reached with additional signs such as diarrhoea. Weight loss, increased water intake and decreased 

milk production are concurrent. At pre-clinical stage, animals usually test positive for faecal culture 

and serological tests, e.g. enzyme linked immunosorbent assay (ELISA), detect JD with increasing 

sensitivity.  
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2.2 Production impacts of Johne’s disease  

The effects of clinical JD are generally apparent and include drop in milk yields, reduced fertility and 

ultimately death of animals (Chiodini et al. 1984). The effects of subclinical JD on productivity of 

cows are also well documented. Smith et al. (2009) found that MAP infected cows produced 0.5-1 kg 

less milk  per day and the daily milk loss increased as the stage of lactation advanced. Gonda et al. 

(2007) also reported statistically significant losses of milk yields, milk solids and productive life in 

affected animals, estimated to be 304 kg, 22 kg (12 kg fat and 10 kg proteins) and three months 

respectively. In other studies of subclinical cows, Nordlund et al. (1996) observed an average loss of 

4% milk yield and Hendrick et al. (2005) reported a three-fold higher risk of culling in MAP infected 

as in non-infected cows.  

In several countries, studies have been undertaken to estimate the financial loss attributable to JD at 

animal level as well as the overall cost to their dairy industries. Mathematical models and economic 

analyses vary between studies, but in general suggest that losses are highly dependent on the effect of 

JD on milk production, in addition to factors such as mortality, culling, reproductive loss and the cost 

associated with an increased disease incidence. Chi et al. (2002) calculated CAD 2472 as average 

annual production loss or treatment costs due to JD in small Canadian herds (n=50). Similarly, in the 

USA, the average economic loss due to reduced milk yield was estimated to be USD 22-27 per cow 

per year, equivalent to USD 200-250 million per year to the dairy industry (Ott et al. 1999). 
  

To the best of our knowledge, only three studies have evaluated economic impacts of JD in New 

Zealand dairy cattle. In late 1980s, the annual direct financial loss was calculated for six dairy farms 

with clinical cases, and the estimates were NZD 500 for the least severely affected farm and NZD 

6,651 for the worst farm (de Lisle and Milestone 1989). Brett (1998) estimated losses at farm and 

industry levels. Whereas the annual financial loss due to shortfalls in both revenue from milk and 

surplus cull stock was in the range of NZD 1,616-1,687 per farm, the loss to the industry was 

estimated at NZD 18.9 million assuming that 67% dairy herds were infected with MAP. If all dairy 

herds would be infected, the loss would rise to NZD 31.7 million. More recently, Norton (2007) 

analysed data of a longitudinal study using Bayesian model to estimate the production effects of JD 

on four dairy farms for four consecutive milking seasons. With estimated within-herd true prevalence 

of 4.5-14.2%, daily production of milk solids in JD positive cows was 0.8-15.4% lower than the 

average production in negative herd mates. The productive lifetime was shorter in one out of four 

farms. These studies indicate that while few herds with high within herd prevalence may experience 

severe economic losses, only few herds suffer serious losses, hence the negative effect of JD on New 

Zealand dairy production appears to be far lower than in the intensive dairy production systems of the 

Northern hemisphere.  

2.3 Diagnosis of JD in cattle 

Determining whether an animal is infected with MAP is difficult due to long latent period and 

absence of repeatable and accurate diagnostic tests (Nielsen 2008). Since available diagnostic tests 

vary substantially depending on the stage of the disease and other factors such as lactation stage, age 

and parity (Nielsen et al. 2002; Norton et al. 2010), MAP diagnosis can be better interpreted by 

classifying it into two components: the detection of clinical disease and assessment of subclinical 

infection (OIE 2014). During the clinical stage, besides overt signs of illness, large amounts of 

bacteria are intermittently shed in the faeces and the antibody titre is high and therefore faecal culture, 

PCR and serological tests like ELISA all perform reasonably well. However, intermittent, sometimes 

undetectable, bacterial shedding and weak antibody titre preclude the use of available ante-mortem 

tests for diagnosing latent and subclinical JD (Stevenson 2010).  
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Faeces, a prominent ante-mortem material, is commonly used in detection of MAP infection (Plain et 

al. 2015). The faecal culture test, which generally serves as the reference for other tests for JD 

infection (Cousins et al. 2002), relies upon the number of viable bacteria present in a given unit of 

faeces. Traditionally, the faecal culture is performed using the Herrold’s Egg Yolk Medium (HEYM), 

however, due to a prolonged incubation period, ranging between 4-16 weeks, required to detect the 

mycobacterial growth it is not uncommon for MAP to be outnumbered by other bacterial pathogens 

present in the faecal material (Payeur 2005). Additionally, Type S strains grow poorly compared to 

type C strains in HYEM. Although faecal culture is highly specific, besides being costly, its use for 

JD control is limited by low sensitivity, attributable to often low and intermittent shedding, as well as 

the need for a rigorous decontamination process pre-culture and a long incubation period required for 

growth of the bacteria, during which an animal continues to shed and can spread the bacteria (Hayton 

2007; Stevenson 2010).  

 

Quantitative PCR (qPCR) is a rapid nucleic acid amplification technique that is increasingly used for 

detection and quantification of the bacterial load in individual faecal samples as a robust alternative to 

the faecal culture method (Plain et al. 2015). Recently the authors described a new high-throughput 

direct faecal PCR assay for detection of MAP in cattle and sheep that has been approved for use in 

Australia and New Zealand. Principally PCR results can be used in order to detect and remove 

animals in early phase of infection. Additionally they can be used to distinguish the high and 

moderate shedders within a herd. Nevertheless widespread use of PCR for MAP diagnosis is currently 

restricted by cost and requirements for specialised personnel (Bastida and Juste 2011).  

 

Cell mediated immunity-based tests such as Johnin and gamma interferon tests have the capability to 

detect an infected animal before bacterial shedding starts, but the large scale use of these tests is 

limited due to their low sensitivity and specificity (Kohler et al. 2008). Generally, many of the 

available diagnostic tests perform better for herd diagnosis than for an individual animal. More than 

one test or repeated sampling would be necessary for an accurate diagnosis of an individual animal 

(Stevenson 2010). 

 

Alternatively, immunodiagnostic test such as ELISA can be used for herd screening where positive 

animals are confirmed by follow up faecal culture, but such an approach, especially for low 

prevalence herds, is discouraged by low sensitivity of ELISA (Whitlock 2005). Verdugo et al. (2014a) 

reported an increase in herd sensitivity when they used serum ELSIA to test individual animals, which 

initially tested negative by pooled faecal culture. On the other hand, detection of MAP from 

environmental samples (Aly et al. 2009), antibody from bulk milk (Weber et al. 2008) and culture of 

pooled faecal samples can be used for herd screening or classification, but monitoring of the progress 

of a control programme using these methods might be difficult especially for herds with low apparent 

prevalence (Kohler et al. 2008). 

 

Regardless of these limitations, from a disease control point of view ELISA has become the test of 

choice as a diagnostic test for JD control programmes (Kohler et al. 2008). ELISA tests of serum or 

milk perform better compared to other tests since they are reasonably sensitive for detecting 

intermittent shedders (Nielsen 2008). Additionally they are less costly, offer ease of sampling 

individual animals and have a short turnaround time (Whitlock 2005). Studies have shown that sero-

conversion occurs before bacterial shedding; and positive results for ELISA tests, as shown by 

Nielsen (2008) based on milk samples, can be used to predict animals that would eventually become 

infectious.   
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Milk ELISA can detect antibody earlier than serum ELISA and a validation study estimated the 

sensitivity and specificity of milk ELISA in the range of 29-61% and 83-100%, respectively (Nielsen 

and Toft 2008). It has been suggested that integrating milk ELISA test with the routine milk quality 

tests reduces the diagnostic cost and increases efficiency (Collins 2010). A review of JD control 

activities in six endemic countries shows that all, but one of them utilize both faecal culture and 

ELISA for JD surveillance (Geraghty et al. 2014). In New Zealand, serum and milk ELISA are used 

for herd screening and individual animal diagnosis. Recently, bulk milk ELISA has been used to 

screen herds for enrolment in a JD intervention research programme. A validated bulk milk ELISA 

for large scale use and integration into routine milk quality testing may enhance the efficiency of JD 

control in the country’s dairy population (Voges personal communication 2015
2
). 

 

2.4 Farm management practices increasing the risk of JD 

Based on a postal survey, New Zealand dairy farmers were generally aware of clinical signs of JD, 

with weight loss being the most commonly identified clinical sign usually in combination with an 

additional sign such as diarrhoea (Hunnam 2014b).  Finally, diarrhoea is the dominant sign, cows 

become cachectic and are eventually euthanised or die.  

A cross-sectional study of 427 farms investigated animal and farm management factors associated 

with JD in New Zealand dairy cattle (Norton et al. 2009). The incidence of clinical JD was positively 

associated with the presence of Jersey cows, the purchase of breeding bulls or cows from other herds. 

Higher susceptibility of Jersey cows to JD as compared to Holsteins has also been reported elsewhere 

(Hunnam 2014b, JDRC 2014). Additionally, farm management practices such as grazing calves in 

hospital paddocks, where calves and sick animals graze together, and inducing late-calving cows for 

premature calving (recently prohibited) were also reported as being significantly associated with a 

higher clinical JD incidence (Norton et al. 2009).  

Additionally, expansion and intensification of dairy farms and increasing herd size particularly in the 

South Island is incriminated to increase transmission and spread of JD since such farms tend to retain 

cows for a longer time and purchase larger number of animals indiscriminately (Voges personal 

communication 2015
2
). Furthermore, the prevailing trend of unrestricted animal and herd movements 

within the country regardless of the JD status of the animals also favour the spread of the disease  

(Burton and Voges 2002; Mee et al. 2012) .  

The potential propagation of JD through livestock movements was demonstrated by network analysis 

of 102 livestock farms including 162 mobs of deer, sheep, beef and dairy cattle of Landcorp Limited, 

a New Zealand Government owned enterprise, that were all tested for MAP infection by faecal culture 

and serum ELISA, and isolates were differentiated genetically (Marquetoux et al. 2013). The authors 

concluded that proximity in the movement network was associated with genetic similarity of isolated 

strains suggesting transmission of MAP between farms. 

The Resource Management Act (1991) in New Zealand restricted the discharge of farm effluent 

directly into surface water. Instead, farmers were encouraged to spread manure on their land (Bolan et 

al. 2009). While this practice of effluent management potentially reduces the spread of JD between 

farms, it is likely to increase the exposure of susceptible animals to MAP within a farm.  

                                                           
2
 Hinrich Voges, Livestock Improvement Corporation , Hamilton New Zealand 
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Additional factors such as co-grazing of dairy cows with other species is less common, unlike sheep 

and beef herds (Verdugo 2013), and thus the risk of cross-infection from sheep or deer to dairy 

animals appears minimal. Finally, MAP has been isolated from wild mammals and birds in New 

Zealand and elsewhere, however, their epidemiological role is not well known and considered 

minimal overseas. 

 

2.5 Control of JD in beef and dairy cattle 

2.5.1 History: The control of JD in New Zealand was started in 1930s by listing paratuberculosis as a 

notifiable disease which lasted until 2000 (de Lisle 2002) . However, the lack of good diagnostic tests 

and farming practices not responding to advised changes impaired the success of this early effort (de 

Lisle 2002). Killed and live pathogen vaccines with oil adjuvants injected subcutaneously were used, 

but are now prohibited due to its interference with testing for the national bovine tuberculosis control 

programme (Burton 2007).   

2.5.2: JD control in beef cattle: Because JD is a relatively rare disease in beef cattle and the 

prevalence of infected beef herds is lower than dairy and other species (Verdugo et al. 2014), control 

is currently not a priority for the beef industry. Nevertheless, BLNZ via the JDRC has made ‘Best 

Practice’ guidelines available to farmers and veterinarians. These aim at identification and early 

removal of clinically diseased cows and their offspring. 

2.5.3 JD control in dairy cattle: As in most other countries, there is no compulsory, systematic 

national JD control scheme in New Zealand. Concerns about an increasing JD prevalence and its 

possible impact on livestock productivity, and the safety of animal products have led the New Zealand 

dairy industry to launch a JD control programme. The primary goal is to reduce the number of farms 

with a relatively high clinical JD incidence and the associated animal production loss without 

targeting a complete elimination of infection. This is to be achieved by reducing the exposure of 

susceptible young stock to infected faecal matter of adult shedders. 

In 2015, DairyNZ, JDRC and associated research providers have developed and distributed a manual 

Toolbox
3
 (DairyNZ Limited 2015) with guidelines for JD control. Initial training workshops were 

conducted for veterinarians on using the toolbox for tailored advice to farmers. Participation is 

voluntary and would typically be taken up by farmers with a high incidence of clinical JD.  

The first step in the guidelines is to get veterinary help and assess the JD status of a farm using 

clinical records and testing by serum-ELISA and/or faecal PCR of adult cows four years and older 

and of cows culled prematurely due to undiagnosed disease or poor condition. Alternative test 

methods are bulk tank milk (BTM) ELISA and/or PCR of slurry. Five key on-farm interventions are 

listed in the Toolkit: (i) test and cull of high risk cattle; (ii) calving and colostrum management; (iii) 

calf management pre-weaning; (iv) replacement heifer management and (v) biosecurity of purchased 

stock. Whether or not an individual intervention is to be recommended for a farm is determined by an 

inventory of key on-farm risk practices (questionnaire). This process is done by farmers and 

veterinarians in close consultation and in-depth discussion. The evolving ‘tailored’ interventions are 

designed to fit the specific situation of each affected farm. Each intervention has best and alternative 

practices, and where they are difficult to implement, preferred options are ranked by feasibility and 

                                                           
3
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cost. Implicitly, these strategies for JD control are interrelated and can help achieve the overall 

objective of JD control at a farm if implemented efficiently and for sufficient length of time.  

The listed interventions are currently (2015/16) undergoing a test for practicality and effectiveness. 

They include (DairyNZ Limited 2015):    

(i) Test and cull of high risk cattle 

AIMS: (i) to reduces economic loss by removing low-producing clinically affected animals 

from the herd, and (ii) to eliminate a major source MAP and thus decreases the exposure of 

young stock to MAP. 

 

The Toolbox recommends testing clinically suspected cows by ELISA because available tests 

have reasonable sensitivity and specificity at the clinical stage of the disease. Further, install 

annual herd testing of milk samples by ELISA, remove high-positives instantly and cull 

calves from dams with clinical JD or high-positive ELISA. A guide to interpreting ELISA 

results is provided by the laboratory. Alternatively, test positive cows may be retained until 

the end of the season for economic reasons. They may be isolated and calved on separate 

paddocks. Due to a high risk of vertical and pseudo-vertical (perinatal) transmission, it is 

recommended to cull calves from high risk or test positive cows and do not feed calves with 

colostrum from high-risk cows.  

(ii)  Calving and colostrum management 

Since calves and heifers are more susceptible to new infection than adult cows, the calving 

and colostrum management aims to reduce the exposure of calves to their dams be removal 

immediately after calving. The Toolbox also recommends to remove calves from dams at 

least twice a day, to only use JD-test negative cows for calving, to collect fresh colostrum 

from test negative dams for feeding calves, and to provide clean pasture to calved cows. If 

these measures are not feasible or too costly, alternative options are to separate high-risk cows 

from the herd during calving, cull replacement calves from JD positive cows, and feeding 

calves colostrum from 2-4 years old cows. 

 (iii) Calf management pre-weaning 

Management of pre-weaning calves again intends to avoid the contact of calves with infected 

cows, thus reduce the exposure of calves to MAP.  The Toolkit recommends as best practice 

to use milk replacer for replacement calves, provide clean drinking water, prevent young 

stock from getting in contact with effluent or milk from suspect cows, and monitor the herd 

for early signs of JD. Additionally it may be advisable to remove calves from high risk dams. 

Low cost alternatives are to source colostrum from low risk cows, do not rear calves from 

high risk cows and keep calves separate from adult cows and their pasture. 

 

 (iv)  Replacement heifer management 

The Toolkit strongly recommends transferring replacement calves to dedicated rearing and 

grazing area immediately after weaning. Effluent should not be sprayed on calf paddocks 

which should be fenced off from access to open water. Clean drinking water should be 

provided to calves. Alternatively farmers are advised to graze replacement heifers and adult 

cows on separate paddocks, and spell pasture for at least three months before grazing heifers 

previously grazed by cows. Heifer paddocks should be safely away from the milking platform 

to avoid spill over of effluent to heifer pasture.  
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(v) Biosecurity of purchased stock 

Biosecurity of purchased stock aims to avoid introducing MAP to the herd from high risk 

sources. If a closed herd status cannot be maintained, biosecurity measures of the Toolkit 

recommend testing cows and bulls before purchase or lease, verify the JD status of the herd of 

origin for those additions, and ensure intact boundary fencing. Alternatives include buying 

only young cows, isolating and testing new additions, and avoiding the grazing of adult cows 

on heifer rearing blocks.  

Hunnam (2014b) investigated New Zealand dairy farm management practices that may increase or 

reduce the risk of JD, and thus be relevant for prevention and control. Authors were surprised, that 

this case-control study did not identify several factors which have been found to be associated with 

MAP transmission in the international literature. The outcome may be explained with differences 

between the all-year pasture-based New Zealand dairy system and high intensive, indoor and grain 

based dairy systems of the Northern hemisphere. However, the study suffered from non-response and 

loss of data due to missing questionnaire responses: from 3,712 dairy farms screened initially by BTM 

ELISA, only 117 case and 188 control farms could be retained for multivariable analysis, leaving only 

limited power for the detecting of risky farm practices. 

Nevertheless, a number of outcomes were noteworthy, some based on a phone survey with 1,750 

farms and descriptive data on a questionnaire with 457 farms. Key findings were: 

- Concern: 23% dairy farmers were concerned about JD (19% control, 40% case farms); 

- Clinical JD: 54% farmers had observed JD in the herd in past season; 

- Annual JD incidence: 1 in 500 cows was farmer-diagnosed with clinical JD in the preceding 

12 months (median 0.20%, range 0 – 6.2%, mean 0.47%, standard deviation 0.76%); 

- Milk serology vs. JD-incidence: BTM ELISA was a poor predictor of clinical JD on farm; 

- Colostrum: allowing calves to suckle its own dam (48% farms) was a risky practice whereas, 

colostrum from a tank or feeding whole milk was not; 

- Separation: the later weaned calves were relocated to off-farm grazing, the higher the risk; 

- Pasture contamination: at 24% of the study farms, pastures grazed by calves were exposed 

to potentially contaminated effluent;  

- Biosecurity: the majority of farmers (90%) purchasing animals (calves, heifers, cows, bulls) 

from other farms were unaware of the JD status/history of the source farm; 

- Culling: animals with clinical JD were removed from the farm within one week (44% farms), 

1-4 weeks (47% farms), or after 1-6 months (9%); 

- Isolation: prior to removal, affected animals were isolated on ‘hospital’ paddocks (33%), 

joined with ‘sick mobs’ of any age (20%), or separately grazed on conveniently available 

pasture blocks (23%). However, 17% of farmers left JD affected animals in the milking herd 

and 1% even allowed them to graze with replacement heifers, practices discouraged by the 

Toolkit. 

An earlier study (Norton et al. 2009) found that the use of hospital paddocks for grazing calves was a 

highly risky practice for JD (OR=5.9) on 36% of farms. It provides ideal conditions for transmission 

of MAP and other pathogens from diseased cows to calves.  

Reducing time for removal of calves from their dams after birth has been reported to be significantly 

associated with a decreased risk of MAP infection (Goodger et al 1996). The study by Hunnam 

(2014a and b) reported that, calves in New Zealand dairy farms were most commonly left with the 

dam for up to 24 hours: 74% farmers screened paddocks for new-borne calves once a day. This is 
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higher than earlier results of Norton et al. (2009), who reported that 57% farms removed calves from 

dams within 12 – 24 hours of calving. The Toolkit recommends removing new-borne calves from 

dams twice a day. 

While it is generally accepted that calves left with dams may get infected with MAP through 

colostrum, it is noteworthy that about 50% of dairy calves in New Zealand farms may not actually 

ingest colostrum from their dams even when they are together for up to 24 hours (Wesselink 1999). 

While this generally low colostrum intake may reduce the quantity of ingested MAP and be a 

protective factor, the lack of passive immunity may render calves more vulnerable to infection at a 

reduced infectious dose. Nevertheless, farmers are advised to ensure adequate colostrum intake as 

well as removing calves within 12 hours after birth. The feeding of pooled colostrum has been 

described as a risky practice (Jansen and Godkin 2005), but may in New Zealand reduce the intake of 

MAP due to large herd sizes and dilution of MAP possibly below infectious dose. Neither of the two 

New Zealand risk factor studies has identified colostrum feeding as a risky practice (Norton et al. 

2009, Hunnam 2014a and b). Hence it may not be crucial in New Zealand dairy systems to ensure that 

pooled colostrum is collected from JD negative or low risk cows. Currently, less than 3% farmers are 

feeding colostrum from cows with a low risk for JD (Hunnam 2014a and b). There is no evidence at 

this stage to advise New Zealand farmers to change their colostrum feeding practice.  

Hunnam’s study reported that 69% farmers grazed weaned replacement calves on paddocks that were 

also grazed by adult cows, a practice that is discouraged by the Toolkit. The practice of grazing calves 

on pasture that was grazed by adult cows prior was found to cause infection in calves (Fecteau et al. 

2010) which can infect others due to intermittent shedding within a few months of exposure (Wolf et 

al. 2015). This calf-to-calf transmission can be an important determinant of MAP persistence 

particularly in low-prevalence herds (Mitchell et al. 2008).  

2.5.4 Selection for resistance: In addition to on-farm control measures the susceptibility of animals 

to MAP infection may be reduced through progeny testing of sires used for breeding (Kirkpatrick et 

al. 2011). The heritability of the susceptibility of dairy cattle to JD has been investigated by 

LIC
4
/JDRC (Sherlock et al. 2014). The authors predicted breeding values of sires in a JD 

susceptibility range of -28.8 to 34.8%, indicating -28.8% less likely to 34.8% more likely to contract 

JD when challenged than an average animal. Since 2014, LIC breeding sire information to farmers 

includes this value (LIC 2015). In combination with other control strategies, using sires with low JD 

susceptibility may reduce the incidence of JD in New Zealand dairy herds. Several years of JD 

monitoring will be required to validate this approach in New Zealand. A recent mathematical 

evaluation of the efficiency of controlling JD by sire selection suggested that it might take a long 

time, e.g. 147-223 years according to the model for complete elimination MAP infection from a herd 

(Van Hulzen et al. 2014). 

A number of genomic studies have been carried out in Europe and other countries since the turn of the 

millennium for describing the genetic variation among cattle populations with regard to MAP 

susceptibility/resistance (Koets et al. 2000; Mortensen et al. 2004; Gonda et al. 2006; Küpper et al. 

2012; Shook et al. 2012; van Hulzen et al. 2014; Zare et al. 2014). Depending on phenotypic case 

definitions, statistical methods and sample sizes (Gonda et al. 2006, Küpper et al. 2012), initial 

heritability estimates were around 0.10, which was similar to the estimates for many other diseases 

(Shook 1989). It shows that farm management beyond genetics and environmental factors play a far 
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greater role for the transmission of MAP among dairy animals and between herds, thus its 

maintenance in the population. 

2.5.5 Additional control initiatives and use of vaccination: The current JD control activities of the 

New Zealand dairy industry also includes continued education of dairy practitioners or veterinarians 

working for the government, laboratories or pharmaceuticals. In 2014, VetLearn, a subsidiary of the 

New Zealand Veterinary Association, offered a six-week online course, which was attended by more 

than 80 veterinarians as a part of their continued professional development. The organisation plans to 

continue similar courses in the future. Some training sessions were already implemented for 

veterinarians working in private practices (Hunnam 2015 personal communication
5
).  However, such 

extension activities are sporadic, voluntary and paid for by veterinarians who in turn apply this 

knowledge when called by farmers of JD problem herds. Thus, the JD control initiative is at a very 

early stage, and currently assumes a strong trickle-down effect for it to achieve any tangible reduction 

of JD in the dairy population. If only few highly affected herds earnestly adopt JD control, the current 

level of MAP in consumer milk (if any) may remain largely unaffected. 

The effectiveness of vaccination against JD may be limited. While vaccination may reduce the 

number of clinically affected animals and the severity of pathologic lesions, infection and shedding 

cannot completely prevented (Burton 2007). However, JD vaccines are not registered for use in cattle 

in New Zealand because of an interference with skin testing for bovine tuberculosis (Burton 2007). 

New Zealand has implemented a national bovine TB eradication program since 1998, which is 

formally termed National Pest Management Plan and considered highly successful (TBfree New 

Zealand 2012).  The program requires that all cattle and deer owners in the country participate, 

irrespective of herd size or farming system.   

 

2.6 Economics of JD control in dairy herds 

Farmers and vets need to be provided with evidence of economic benefits to justify a control 

programme (Lombard et al. 2005). A cost and benefit analysis in the US showed that improving calf 

management and vaccination were beneficial while test and cull was not (Groenendaal 2005). Also, it 

was reported that management changes have been well adopted by US farmers (Lombard 2011).  

 

Using  Groenendaal’s model for the New Zealand pastoral production system, Norton (2007) 

suggested that JD affected farms might achieve positive financial returns if they controlled JD by 

improved calf management for at least 20 years. Vaccination was partially cost effective in severely 

affected herds whereas test-and-cull was not a financially viable option. Norton et al. (2009) reported 

that 79% of dairy farmers who had observed clinical cases perceived JD to be a serious economic 

problem. Adoption of the proposed five-point control strategy tailored to conditions on farm is likely 

to reduce the negative impact of JD on dairy production. However, it remains to be seen whether the 

strategy is also cost effective. For farms with a low JD incidence, the economic value of these control 

strategies is probably limited.  

In a nutshell, while about half of all New Zealand dairy herds are infected by MAP only a small 

proportion of farms experience a high JD incidence and severe production loss. A compulsory 

national control programme does not appear to be justifiable unless food safety is the primary 
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objective. In that case, a more systematic approach than currently chosen would be required to 

achieve a tangible impact. At this point in time, the control strategy aims at reducing the production 

loss due to JD on voluntarily participating farms using tailored risk management. This may be an 

effective choice for the New Zealand dairy system. To this end, the recently introduced JD control 

strategy documented in the Toolkit, and the propagation of using breeding sires with a low predicted 

JD susceptibility, appear to be reasonable tools available to farmers and veterinarians. 

 

3. Johne’s Disease in New Zealand Sheep 

With 29.6 million ewes and hoggets, New Zealand has one of the largest sheep populations in the 

world (Beef and Lamb New Zealand 2015). As for milk, 95% of the country’s lamb meat and 90% of 

wool are exported. Lamb meat export is the largest worldwide accounting for 47% of the international 

trade, and wool production is the third largest (Morris 2013). In the year ending September 2014, New 

Zealand earned NZD 2.5 billion from lamb export, NZD 471.8 million from mutton export and NZD 

743 million from raw wool export (Beef and Lamb New Zealand 2015). The sheep sector also 

contributes to the traditional visual and social landscape of the country. While the predominant breeds 

of farmed sheep are Romney and Romney crosses, Merino and other fine wool breeds constitute 

approximately 7% of the New Zealand sheep population (Morris 2013; Morris and Kenyon 2014). 

The New Zealand pastoral sheep production system production system is similar to its counterpart in 

Australia (Montossi et al. 2013), but in stark contrast to intensive, small flock sheep farming in 

Europe and North America.  

3.1 Epidemiology of ovine Johne’s diseases (OJD) 

In New Zealand, the first case of OJD was reported in South Canterbury in 1952 where an unknown 

chronic wasting disease, which was later found to be OJD, had been observed on a farm for eleven 

years (Williamson and Salisbury 1952). In the following four years, JD was diagnosed in 13 flocks in 

South Canterbury and two flocks in Ashburton county (Armstrong 1956). By 1970, the total number 

of farms diagnosed with JD rose to 150 (Davidson 1970), and more recently, OJD was recognised to 

be endemic in sheep flocks across the country (de Lisle 2002). A subsequent survey in 2008-10 

estimated the national flock level prevalence to be 76% (95% credible interval 70-81%) and 

confirmed that JD is widespread among sheep farms throughout New Zealand (Verdugo et al. 2014a). 

Despite this widespread flock-level prevalence, the overall within flock annual incidence of clinical 

JD  averages about 1% (Davidson 1970, Morris et al. 2006). More recently, Verdugo et al. (2011) 

estimated mean annual incidence of clinical OJD in infected flocks to be 0.16% (95% CI 0.09 – 

0.24%) based on survey interviews with 162 farmers.  

While sheep pasture production systems and the OJD epidemiology are generally similar in Australia, 

some differences are noted. Unlike New Zealand, where OJD is widespread and ubiquitous, the 

disease is spatially clustered in Australia with the vast majority of cases occurring in New South 

Wales (Sergeant and Baldock 2002). The flock level prevalence in Australia appears to be 

considerably lower with only about 2.4 to 4.4% of flocks being infected (Sergeant and Baldock 2002). 

However, a higher annual clinical incidence in the range of 2-18% was reported from Australian 

flocks based on a longitudinal study over three years in 12 conveniently selected OJD farms (Bush et 

al. 2006). Information about the clinical incidence from the general population of Australian sheep 

flocks is scarce.  
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JD of sheep is mainly caused by the ovine type (I/III) of MAP (hence OJD), the strain which is also 

predominant in beef cattle co-grazed with sheep and in goats, but to a lesser extent, in deer and dairy 

cattle (Whittington et al. 2001; Moloney and Whittington 2008; Verdugo et al. 2014b). However, a 

stratified random survey in 2010 revealed that 9/67 (13.4%) sheep flocks were infected by bovine, 

type II MAP (Verdugo et al. 2013). Young animals are infected mostly through the faecal-oral route 

via pasture (Harris and Barletta 2001), through the intrauterine route, and presumably to a small 

extent from ingesting infected milk. Vertical and pseudovertical transmissions from clinical ewes are 

highly likely whereas the risk is far lower from subclinical ewes. Lambeth et al. (2004) observed that 

one in 54 and five in six fetuses born to subclinically and clinically-affected ewes, respectively, 

showed culture evidence of MAP infection.  In an experimental study, MAP was detected in the milk 

of asymptomatic JD ewes in flocks with a history of OJD, which suggests that transmission of MAP 

from subclinical ewes to offspring via consumption of raw milk is possible (Nebbia et al. 2006). MAP 

was also isolated from semen of rams with clinical OJD, but experimental transmission of MAP via 

artificial and natural inseminations was unsuccessful (Eppleston and Whittington 2001). Young lambs 

are susceptible to infection, and infected lambs remain latent or subclinical until a later age when 

clinical signs become manifest. The incubation period ranges between two to four years (Dennis et al. 

2011), and clinical OJD most frequently occurs in ewes older than two years (Seaman and Thompson 

1984). However, recent studies in Australia found that complete clearance of infection can occur: six 

of 46 (13%) sheep determined to be infected by MAP by culture of intestinal biopsies were found to 

be culture negative at necropsy 12-24 months later (Dennis et al. 2011). The clinical stage of the 

disease is characterized by a gradual loss of condition, submandibular oedema, loss of wool and fleece 

(Stehman and Shulaw 2002), emaciation and eventual death or removal. Unlike in cattle, the typical 

JD diarrhoea is less common in sheep, and corrugation of intestinal mucosa, a typical pathological 

feature of JD in cattle, does not always occur in sheep (Williamson and Salisbury 1952; Armstrong 

1956).  

 

Few studies have investigated risk factors for MAP infection and further progression to clinical OJD. 

In Australia, relatively high infection rates were observed in the offspring of dams with poor body 

condition, retarded growth or when ewes were kept at high stocking rates during lambing (Dhand et 

al. 2007). Another Australian study (Lugton 2004) reported that clinical incidence and mortality of 

OJD mainly depended on environmental risk factors such as light sandy soil associated with low 

levels of trace elements or improved pastures containing high levels of clover. Additional factors such 

as winter shearing and Merino breed were also associated with higher mortality. 
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In New Zealand, a study of nine farms documented high clinical OJD incidence during June-July (i.e. 

late pregnancy) and December–January (i.e. late lactation/weaning) suggesting that physiological 

stress associated with pregnancy and late lactation may predispose ewes for clinical OJD (Davidson 

1970). A breed predisposition for OJD was observed in a study where the percentage of clinical cases, 

and the age at death due to OJD, were higher for superfine Merino sheep compared to Romneys 

(Morris et al. 2006). A recent JDRC study also found considerably higher OJD mortality and ELISA 

rates in fine wool breeds (Merino, Corriedale, Halfbred) than Romney and mixed mutton breeds 

(Heuer and Anderson 2015). However, controversy remains about breed variation because the 

difference in observed mortality between breeds may be attributable to biased farm selection, 

variation in management practice and/or production stress as all studies used conveniently selected 

commercial flocks that only had a single breed type (Robbe-Austerman 2011).  

3.2 Effects of OJD on production 

Few New Zealand studies have evaluated the effects of subclinical OJD on production performance of 

sheep at animal and flock levels. The assessment at animal level was carried out over four years in 

two flocks with a history of OJD (Thompson et al. 2002). The study compared production 

performance (live weight, fleece weight, pregnancy rate, lamb production and weight of lambs 

weaned per ewe) in replacement ewe lambs born in a single year. Three groups of lambs were used in 

the study: one third of lambs were vaccinated with a live MAP vaccine (Neoparasec
TM

), one third 

were vaccinated with the killed vaccine Gudair
TM

 and one third were unvaccinated controls. 

Significant differences were not observed for any of the measured production variables and the 

authors concluded that the effect of subclinical JD may not be as significant in sheep compared to 

cattle.  

Similar results were reported in a flock level analysis of mail survey data from 162 flocks by Verdugo 

et al. (2011). Production parameters included tailing (i.e. weaning) and culling rates. No significant 

production differences were found between OJD affected and non-affected flocks except that overall 

culling rates were lower in affected flocks. The authors concluded that production effects of OJD at 

flock level were limited regardless of how widespread MAP infection was in the flock.  

Morris et al. (2006) conducted a longitudinal study comparing production performances of clinical 

and clinically normal ewes starting at two years of age. Disease data were based on post-mortem and 

histopathological examination. Clinically affected ewes had a significantly lower mean age at disposal 

(3.41 years vs 5.03 years), lower live weights in their final year of production (-5.3 kg), reduced 

annual greasy fleece weight (-0.54 kg), fewer lambs born per ewe per year (-0.15 lambs), and reduced 

litter weaning weight (3.6 kg).  

A more recent assessment of the economic impact of OJD on sheep productivity in New Zealand was 

based on a recent JDRC study that included OJD specific mortality and subclinical OJD effects 

(Heuer and Anderson 2015). It was based on a convenient selection of 17 commercial farms that 

regarded OJD as a problem. Authors concluded that the OJD mortality of ewes was four times as high 

in fine wool breeds (2.8%) as in mutton breeds (0.7%) and that this was associated with NZD 9.4/ewe 

and NZD 2.3/ewe for the two breed categories, resp., on farms affected by OJD such as the study 

farms. Based on the age difference of culled ewes, the productive lifetime was reduced by at least six 

months due to OJD. Extrapolated to the industry level where not every farm was affected, the 

production loss attributable to OJD was estimated to average NZD 8.2/ewe of fine wool breeds and 

NZD 0.6/ewe of mutton breeds, resulting in an average of NZD 1.2/ewe for the total sheep population 

weighted by breed composition. Based on these figures, the estimated total industry loss due to OJD 

averaged NZD 27 million with a wide stochastic range of NZD 19-36 million due to uncertainties 
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around several of the considered parameters. This stands in contrast to an estimate of Brett (1998) 

who estimated a national economic loss of less than NZD 1 million due to OJD. However, authors 

assumed a far too low flock infection rate of 6% which was later adjusted to the aforementioned 76% 

(Verdugo et al. 2014a).  

 

3.3 Diagnosis of OJD  

For flock level detection of OJD, pooled faecal culture can be used effectively with increased 

diagnostic sensitivity and substantial reduction in laboratory and sample collection costs (Whittington 

et al. 2000). Generally the sensitivity of pooled faecal culture is affected by the proportion of 

paucibacillay cases in the flock (Whittington et al. 2000). Based on histological findings, JD in sheep 

can occur in two major forms: multibacillary and paucibacillay, each form distinguished by a high and 

low magnitude of mycobacterial colonisation in the granulomatous lesions of the intestine (Clarke and 

Little 1996).  

 

Although faecal culture is a powerful test and relatively cheaper than pathology-based methods, the 

sheep strain do not grow well in the traditional artificial solid media (Whittington et al. 1999). Instead 

Type S strains have been successfully cultured using liquid culture mediums. Until recently, a 

modified radiometric medium called Bactec12BTM (Whittington et al. 1999, Whittington 2009), was 

commonly used for MAP culture in several countries including New Zealand, but the medium has 

now been withdrawn from the market (Whittington et al. 2013). As an alternative to the Bactec 12B 

medium a new liquid culture medium (M7H9C) has been developed (Whittington et al. 2013). 

However, compared to the solid media for culture of MAP strains, liquid media for MAP culture are 

more expensive as cultures grown using these systems have to be retested using MAP-specific PCR 

for confirmation (Whittington 2009).  

 

Due to difficulties associated with faecal culture in sheep, development of PCR protocols for 

detection of MAP DNA in sheep faeces has gained considerable attention in recent years (for example 

Garrido et al 2000, Kawaji et al 2007, Plain et al 2015). While PCR per se is a well-developed 

diagnostic tool, difficulties involved in the DNA extraction and purification steps of the test have 

impeded its widespread use in detection of ovine type-I MAP (Garrido et al 2000). Nevertheless, more 

recent PCR protocols have addressed these technical difficulties. For instance the sensitivity of a 

recent PCR test (Plain et al. 2015) was similar to a direct quantitative PCR for the detection of ovine 

MAP described previously by Kawaji et al. 2007, while using a less labour intensive DNA 

purification method which reduced the risk of cross contamination due to manual handling.    

 

Similar to cattle, current tests detecting MAP in subclinical OJD ewes have low sensitivity when used 

in isolation. Variation in individual immune response affects the sensitivity of immunodiagnostic tests 

such as ELISA in latently infected sheep (Verdugo 2013). Reported sensitivities in endemically 

infected sheep range from  25% (Whittington and Sergeant 2001) to 35-54% (Hope et al. 2000). In 

Australia, Sergeant et al. (2003) estimated sensitivity and specificity of ELSIA using two cut points. 

In order to determine sensitivity, mixed age sheep sampled from six different infected flocks were 

used. Specificity was estimated using samples from uninfected flocks based on flock history and 

geographical location. Reported values for sensitivity were 22% and 42% with corresponding 

specificity of 99% and 95% for cut points of 3.6 and 2.4 respectively.  
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3.4 Control of OJD 

In New Zealand there is no OJD surveillance programme comparable to Australia where the National 

Sheep Health Monitoring Project (NSHMP) examines lines of adult sheep in abattoirs for OJD in 

addition to numerous other animal health conditions (Animal Health Australia 2015). There is 

currently no systematic national control scheme for OJD in New Zealand. 

 

BLNZ and JDRC summarised key information and recommendations about OJD in an online fact-

sheet
6
. Experiences from Australia and other countries have shown that test and cull or                    

destocking-restocking strategies are not effective for eradicating OJD (Taylor and Webster 2005, 

Fridriksdottir et al. 2000). It has, however, been reported that improved farm hygiene, strict 

biosecurity and vaccination have reduced the prevalence and on farm effects of OJD in some 

countries (Fridriksdottir et al. 2000; Juste and Perez 2011; Windsor et al. 2014). In a field trial using 

the killed vaccine Gudair
TM

, mortality and faecal shedding were reduced by 90%  in three pastoral 

Australian sheep flocks with a history of high prevalence (Reddacliff et al. 2006). On farms with low 

prevalence, the vaccine has reduced shedding by 62% (Windsor 2013).Vaccination combined with 

improved management practices resulted in successful control of OJD on Kangaroo Island (Windsor 

et al. 2014). However, a later review of vaccination of Australian sheep flocks estimated that vaccine 

efficiency was 72% with a 95% credible range of 50-86%, and that the previous estimate was likely to 

be too optimistic (Dhand et al. 2013). 

 

In New Zealand, Gudair
TM

 vaccine is licenced for sheep. One of the reported disadvantages of JD 

vaccination is development of vaccination-site lesions (Bastida and Juste 2011). However, injection 

site lesion subsided rapidly in sheep vaccinated by Gudair
TM

 (Thompson et al. 2002). Economic 

analyses have shown that it is cost effective to vaccinate sheep to control JD if approximately 1% or 

more ewes in the flock are clinically affected every year (Brett 1998; Heuer and Anderson 2015). 

Vaccination is unlikely to be economically viable if the annual OJD incidence is below 1%. Heuer 

and Anderson (2015) estimated a three times higher financial benefit/cost ratio when vaccinating fine 

wool breeds such as Merino compared to other breeds due to a far lower annual clinical OJD 

incidence in the latter breeds.  

Since all previous studies were somewhat arbitrary and limited to farms with stated OJD problems, a 

more representative national economic evaluation that is based on sound data from randomly selected 

farms would be required for robust information about the economic impact of OJD. Nevertheless, it 

can be said that farms with a high infection rate and/or clinical incidence are likely to benefit 

financially from vaccination , at least after continued vaccination for a number of years (Taylor and 

Webster 2005; Windsor 2013). A causal relationship between MAP and Crohn’s disease has not been 

conclusively demonstrated. A presumptive impact of such an association (or one perceived by public 

media) is therefore pure speculation at this stage, but could hypothetically affect the lamb and mutton 

export market (Brett 1998; de Lisle 2002). Such a public health concern may be obviated if the 

industry includes OJD control in their economic strategy planning. 

 

4. Johne’s disease in New Zealand Deer 

After its introduction in 1861 for recreational hunting, feral deer started to be distributed 

commercially in the domestic market in New Zealand in the late 1950s (Giles 1975). In 1960s, 
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exports of venison from feral deer commenced, and since its licencing in 1970, farming of captured 

live deer from the wild developed (NZDI 2015) and gradually grew to become an industry of notable 

size. The predominant breed in New Zealand is Red deer (Cervus elaphus), accounting for 85% of the 

farmed deer population, followed by Wapiti (Cervus elaphus canadensis) and Fallow (Dama dama) 

deer. As other ruminant livestock, deer are grazed all year on farms that often also keep other 

livestock species such as beef cattle and sheep. In contrast to other species, the calving season for 

breeding hinds is November-December. Calves are kept with their dams until weaning at 4-5 months 

of age. They reach slaughter weight (>92 kg) at the age of ten months (Stringer 2010). Today, New 

Zealand has the world’s largest and most advanced deer farming industry with a total population of 

1.1 million deer in 2,800 farms. The industry contributes significantly to the national economy. In 

2014, revenues from export of venison, velvet antler, hides, and leather were NZD 180 million, 27 

million, 28 million and 6 million respectively (NZDI 2015). Similar to dairy, beef and sheep, more 

than 90% of products from deer farming are exported. 

4.1 Epidemiology of Johne’s disease in deer   

Johne’s disease was first reported in New Zealand deer in 1979 (Gumbrell 1986), and since then the 

number of infected farms has increased steadily. From 1986 to 2000, 619 animals in 299 deer herds 

were diagnosed MAP positive by bacterial culture and/or PCR of lymph node tissues (de Lisle et al. 

2003). During this early time, the majority of the herds infected by JD were opportunistically 

investigated when samples from suspected cases were submitted to commercial laboratories for 

confirmation of bovine tuberculosis (Mackintosh et al. 2005), and thus those data did not represent the 

distribution of JD in the population (O'Brien et al. 2002). As the first population based study, a 

slaughterhouse survey (Stringer et al. 2013a) from October 2008 to January 2009 estimated that 59% 

(95% CI 41-78%) herds and 45% (95% CI 30-60%) individual one-year old slaughter deer were 

infected with MAP. The prevalence of both herds and individuals were higher in the South Island than 

in the North Island. In a subsequent stratified random survey, Verdugo et al. (2014a) tested rising one 

year old replacement hinds in 99 herds from the North and South Islands, using pooled faecal culture 

and/or serum ELISA. Adjusting for the lack of test sensitivity and specificity, the national herd 

prevalence was 46% (95% CI 38-55%). The study confirmed that JD was widely distributed in the 

New Zealand deer population and that the herd prevalence of clinical JD was higher in deer herds than 

in other ruminant species.   

In a convenient selection of infected herds, Griffin et al. (2007) reported a sero-prevalence of greater 

than 5% in most of the infected herds with few being higher than 20%, using a new ELISA 

(Paralisa™) which was interpreted as positive if at least one of two antigens caused a serum response 

above a specific cutoff. It is noted that the Paralisa™ had limited sensitivity and specificity for the 

detection of latently infected deer (discussed below).  Regardless of a high intra herd seroprevalence, 

the mean annual clinical disease incidence rate of infected herds was estimated to be 0.42 (95% CI 

0.16 – 0.65) (Verdugo 2013). The prevalence of “enlarged lymph node” (EVL) which are regarded as 

indicative of MAP infection in young deer and are detected by meat inspectors at slaughter, increased 

steadily since EVL reporting by deer abattoirs started in March 2008 (Goodwin-Ray 2015). The 

increase might have been associated with increasing sensitivity of EVL detection at slaughter. After 

reaching a plateau in 2012, the EVL prevalence has started to gradually decline. In contrast, the 

prevalence of EVL in adult hinds and stags that were culled from breeding herds has remained 

constant since 2007. 

Deer are affected by both bovine and ovine MAP types, although in New Zealand the bovine strain is 

far more common and appears to be more virulent (Mackintosh 2008).  The infection, transmission 

and development from infection to clinical disease in deer follow a similar pattern as in sheep and 
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cattle although there are a few notable differences. Firstly, unlike cattle and sheep, where the clinical 

disease manifests in animals between 3-5 years, clinical JD commonly affects young deer at the age of 

8-15 months (Mackintosh et al. 2004a). Although sporadic cases of clinical disease occur in adult 

deer, resistance to JD is more prevalent in higher age groups, probably due to JD mortality typically 

occurring up to two years of age (Mackintosh et al. 2010). Secondly, thickening of the distal small 

intestinal wall may occur less frequently in deer as compared to cattle and sheep (De Lisle et al. 1993) 

and it may be difficult to distinguish JD lesions in intestinal lymph nodes from M. bovis infection 

(O’Brien et al. 2002). 

The rapid spread of JD in New Zealand farms in general and deer farms in particular is attributed to 

unrestricted movement of animals between farms, grazing of excess pasture on deer farms by sheep 

and cattle, establishing or expanding deer farms on the land grazed by cattle or sheep and absence of 

control programmes (Mackintosh et al. 2005). MAP can survive in the environment for several 

months: survival of 55 weeks in faecal material when shielded from the sun has been reported 

(Whittington et al. 2005). Co-grazing of sheep and cattle with deer is a common practice in New 

Zealand, and cross species transmission of MAP was evidenced in a study that isolated the same 

VNTR/SSR
7
 types of MAP from deer and beef cattle grazing together (Verdugo et al. 2014b). In 

addition, MAP was isolated from several wildlife species (possum, ferret, hare, rabbit, hedgehog, feral 

cat, duck, gull) around three deer farms with a history of clinical JD, which suggests the possibility of 

MAP persistence in wild animals and spillback to deer (Nugent et al. 2011). 

4.2 Production impacts of Johne’s disease in deer 

Johne’s disease is believed to have considerable economic impact on deer production. Early to mid-

stage clinical signs of JD in deer include decrease in weight gain, muscle loss, faecal pasting over the 

tail and perineum and in late-stage emaciation and death. Sporadic cases may occur in adult deer 

Subclinical JD results in poor growth rates of young deer, reduced carcass weight at slaughter, lower 

pregnancy rates, decreased velvet production,  and interference with the control of bovine tuberculosis 

(Mackintosh et al. 2004a). Outbreaks involving up to 20% young stock of a herd were reported but 

may be a rare, sporadic events (Mackintosh 2008).  

The first economic assessment of JD loss on farm and for the New Zealand deer industry was 

conducted in 1998 (Brett 1998). With an assumed 0.5% clinical cases per herd, Brett (1998) estimated 

the annual loss of a herd with 625 breeding hinds to be in the range of NZD 1,875 to 3,149, equivalent 

to NZD 3-5 per head. The annual cost to the deer industry was estimated to be NZD 341,222 

assuming that 7% herds would be affected by clinical JD. A more recent estimate (Goodwin-Ray et al. 

2011) of annual cost due to clinical JD based on stochastic analyses averaged NZD 2.8 million (range 

NZD 2.2-3.5 million) . Based on abattoir data, the average carcass weight was 4-5kg (equivalent to 

7.1%) lower in approximately 0.5% deer carcasses with mesenteric lymph node lesions (consistent 

with JD) than in carcasses without lesions (Norton 2012). It has also been reported that JD may cause 

a shortage of replacement stock which would incur further economic loss (Verdugo et al.  2011).  

4.3 Diagnosis of JD in deer  

In concordance with JD in cattle and sheep, lack of reliable diagnostic tools is one of the hurdles for 

the control of JD in deer as the available diagnostic tests have shortfalls of accuracy for latent and 

subclinical case detection (Griffin et al. 2005). In New Zealand, an unabsorbed (IgG1) ELISA for JD 

diagnosis called Paralisa
TM

 is available specifically for deer farmers. This ELISA uses two antigens; 

Johne’s protoplasmic antigen and purified protein derivative johnin. Test responses based on this 
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ELSIA are read in parallel and the sample is considered positive if a specified cut point is reached for 

any one of the antigens (Mackintosh and Griffin 2010). Currently, Paralisa
TM

 is a widely used 

commercial application, but the New Zealand deer industry is also assessing potential back-ups to the 

test as reliance on a single test is considered a conceivable risk to the industry. A recent example 

included serum ELISA test comparison between Paralisa
TM

 and Paracheck2
TM

 (Fennessy et al 2015). 

The study resulted in means for sensitivity ranging from 46% to 78%, and specificity ranging from 

70% to 74%, depending on qPCR shedding level, with little differences between Paralisa
TM

 and 

Paracheck2
TM

. This was similar to parameters for Paralisa
TM 

as reported earlier (O’Brien et al. 2013). 

 

The incubation period of MAP infection is relatively short in deer, and earlier and higher antibody 

production has been reported in subclinically infected deer compared with cattle and sheep (Griffin et 

al. 2006). The authors therefore concluded that ELISA may be more useful for the diagnosis of JD in 

deer than in sheep and cattle. Standardization of Paralisa
TM

 for use in New Zealand was carried out 

based on 200 JD affected deer, confirmed by histopathology and tissue culture, and 500 deer from 

herds with no history of JD. For individual animals the reported sensitivity was 81-85% and 

specificity was 99.8-100% (Griffin et al. 2005). In contrast, Stringer (2010) reported sensitivity of 

19% (95% CI=10-30%) and specificity of 94% (95% CI=93-96%) for estimating MAP infection in 

randomly selected, clinically normal one to two year old replacement hinds. The difference between 

the results of these two studies was attributed to the difference in the target population and study 

designs. It was proposed  to use Paralisa™ for the control of JD in New Zealand deer although its cost 

effectiveness had yet to be demonstrated (Griffin et al. 2005; Griffin et al. 2007).  Griffin et al. (2005) 

used Paralisa™ to annually screen heavily infected herds and cull reactors at a cutoff of >50 ELISA 

Units (EU). Within two years the reported number of clinical cases went from >20% per annum to 

zero and seropositivity reduced from 50.3% to 5.5%. 

 

More recently, the commercial availability within NZ of a validated quantitative PCR (qPCR) testing 

service allows to consider the titres of MAP faecal shedding for culling decisions, as the degree of 

faecal shedding of MAP bacilli is directly proportional to disease severity. Used singly or in 

conjunction with ELISA, qPCR may be used to prioritise the elective culling of only those most 

seriously affected individuals which also contribute the greatest infection risk for the remainder of the 

herd and provide famers with further assurance for optimised culling decisions. This strategy allows 

less affected individuals to be flagged for appropriate risk management practices and targeted 

monitoring. The stratification of affected animals for the level of shedding and disease severity also 

allows investment in JD management programmes to be appropriately tailored according to available 

resources as well as to the scale of the problem and the goals of the JD management plan. Initial 

screening with the (lower cost) Paralisa
TM

 minimises the number of animals assigned for dung testing 

with the more expensive qPCR, keeping testing costs down. As a significant proportion of ELISA 

positive animals (>80%) will be exposed/infected but not necessarily affected or diseased, the qPCR 

is a follow-up test for ranking animals for severity of disease to minimise culling. While the most 

severely affected animals usually comprise only a very small proportion of the herd, they will also 

represent the bulk of the infection risk to the rest of the cohort and their early removal is likely to 

result in a relatively rapid advance towards controlling JD in a herd. 

 

However, the economic efficiency of a test and cull programme is uncertain. Simulation modelling 

(Heuer et al. 2012) suggested that a substantial decrease of infection prevalence and clinical incidence 

could be achieved by detecting high shedders, but unlikely by culling Paralisa™ reactors with test 

performance at cutoff  >50 EU reported by Stringer et al. (2010). Considering the test combinations 
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described above, O’Brien et al. (2013)  proposed to modify the use of the Paralisa™ as a screening 

test with cutoff >100 EU followed by a semi-quantitative real time PCR of faeces from Paralisa™ 

positive animals and removal of high shedders.  

For low infection herds, ELISA-negative individuals may be re-screened by pooled qPCR for 

additional assurance of ‘low prevalence’. From economic point of view, this testing method may be 

used in screening of breeding herds although caution should be taken that the test results rely on the 

ratio of MAP shedders and non-shedders included in each pool of faecal samples. In general when this 

method is used in order to screen a herd with no evidence of clinical JD, it is recommended not to 

pool more than 10 samples at a time (Mackintosh et al. 2004b). Verdugo(2013) used PFC method to 

estimate herd-level true prevalence of MAP infection in commercial deer farms in New Zealand by 

sampling 20 deer randomly from each of the 99 deer farms in the study. Two pools of faecal samples, 

each comprising 10 samples, were collected from each farm. A faecal culture positive herd would test 

positive for any of the pooled samples. Each animal contributing to the culture negative pool was 

further tested with Paralisa
TM

. Based on Bayesian latent class analysis of the results, herd level 

sensitivity and specificity of 90% and 98% respectively were reported. Validation of this testing 

combination used by the author would be required if it were to be used for screening of breeding 

herds. Similarly pooled faecal qPCR may also be used for herd screening purposes as high shedding 

individuals may be quickly identified amongst low or non-shedders even at considerable dilution. 

4.4 Control of JD in deer  

In 2007, Deer Industry New Zealand (DINZ) launched national abattoir surveillance for MAP in deer. 

Already prior to the launch, the New Zealand bovine TB eradication program required meat 

inspectors of commercial deer abattoirs to assessed lymph nodes of deer carcasses for abnormal size 

or lesions. Surveillance for JD was added to this carcass screening. It is based on recording the 

presence of abnormal visceral lymph nodes (Hunnam 2011). Based on measurements of size and 

appearance and on culture results for MAP, the sensitivity and specificity of the ability of meat 

inspectors to detect enlarged and/or granulomatous visceral lymph nodes (EVL) were 13.3% (4.8-

41.2%) and 99.9% (99.5 and 100%), respectively (Hunnam 2011). Additional training of meat 

inspectors was then undertaken to improve the sensitivity for detecting EVL. A subsequent evaluation 

demonstrated that this measure was successful as the sensitivity increased to 75% (95% credible 

interval 59-88%), with corresponding specificity of 99% (95% credible interval 98-99%) (Cayol 

2011). However, the association between slaughter mobs with EVL and the clinical incidence of JD 

on the farm of origin is currently unknown. Whereas evidence of a positive relationship between the 

JD incidence on-farm and the frequency of EVL at slaughter were postulated (Martin-Collado et al. 

2014), a critical review of the data revealed that this relationship was very weak and not statistically 

significant. The data might have suffered rfrom an inappropriate screening threshold for the EVL 

frequencies of a particular farm submitting mobs to slaughter. A more objective syndromic 

surveillance method was recently proposed which compared the baseline farm-level EVL prevalence 

of young deer to the probability that a farm was an outlier based on mob size and the EVL history of 

previous slaughter mobs (Han 2016). It was proposed to validate the screening method by comparison 

of outlier and baseline (normal) farms with their on-farm JD incidence. 

The economic feasibility of a test-and-cull strategy for controlling MAP infection and reducing the 

clinical JD incidence in deer herds depends to a great extent on the actual clinical JD incidence, the 

accuracy of tests and the costs of sampling and replacement (Heuer and Wilson 2010). A longitudinal 

study by Griffin et al. (2005) reported that a test-and-cull strategy successfully reduced clinical cases 

in deer herds, but the study did not consider financial costs. Later in 2012, an economic analysis by 
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Nicholl and Rendel showed that over time, a test-and-cull strategy may reduce the incidence of 

positive and JD suspected animals and be economically feasible The authors evaluated the cost 

effectiveness of test-and-cull in deer herds over 10 years, and found a positive economic return for a 

wide range of JD incidence rates. A different case study demonstrated that the removal of clinical 

animals, test-and-cull and rabbit control implemented for five years significantly improved the 

production performance of farms and reduced carcass downgrading at slaughter (Griffin et al. 2007). 

However, long-term mathematical modelling suggested that apart from reducing the production 

losses, the present technology for test-and-cull could not achieve a cost effective control or 

eradication of infection (Marquetoux et al. 2011). 

Vaccination as a control method of JD in deer has been studied in New Zealand with mixed results. 

Primary results of vaccine trials in farmed deer using three mineral oil adjuvanted whole cell Johne’s 

vaccines (Neoparasec
TM

, Gudair
TM

 and Silirum
TM

) by Mackintosh and Thompson (2007) showed that 

vaccination reduced clinical and subclinical JD in deer. However, all vaccine brands interfered with 

skin-testing for tuberculosis and that all vaccinated animals were Paralisa
TM

 positive, thereby making 

it difficult to differentiate them serologically from JD positive deer. A later clinical trial demonstrated 

a protective effect of Silirium
TM

 vaccination against clinical JD (but not shedding) in young deer 

(Stringer et al. 2013b) based on a randomised control trail conducted in commercial deer herds which 

had high annual incidence of clinical JD. Vaccination did not impact on carcass quality in either of 

these studies. Apart from the limitation that JD vaccines may not achieve complete herd immunity 

and possibly interfere with Tb testing, vaccination may be appropriate for JD control when limited to 

young replacement deer that are not destined for slaughter (Mackintosh and Thompson 2007).  

With a focus on reducing the burden of JD on deer farms, the Johne’s Research Group (JRG) of DINZ 

implemented a research programme with financial support from the Sustainable Farming Fund (SFF) 

in 2004. The research was led by Massey University and, in 2007, gave rise to the establishment of 

Johne’s Management Limited (JML), a surveillance based bio-security not-for-profit company funded 

by the New Zealand venison processors through a levy collected from each commercially slaughtered 

carcass. Since its inception, JML has remained the most important component of JD control in deer in 

NZ. 

JML has mandates of recording JD suspected lesions in slaughterhouses, creating awareness among 

farmers, advising the industry, providing educational material for JD management and maintaining 

and analysing JD-suspect lesion data (Norton 2012). In response to the work done by JML, deer 

farmers have become are more aware of JD (Martin-Collado et al. 2014). The JML programme 

includes four major components (JML 2011).  

1. The JML National Database: Surveillance in abattoirs is an ongoing program which forms 

the basis for a national database on JD in deer farms throughout New Zealand. Every farmed deer 

slaughtered in commercial premises contributes to the national database and those diagnosed 

with enlarged visceral lymph nodes are recorded as cases suspected for JD. The database 

efficiently captures almost 100% of slaughtered deer in New Zealand (Hunnam et al. 2009). Data 

are kept confidential and include a unique farm ID, the geo-location of farms, carcass weight, the 

presence/absence of EVL, and carcass gender. In 2014, the 21 deer abattoirs existing in New 

Zealand processed a total of 396,993 deer from 1,760 farms of which 1,382 farms submitted at 

least 20 animals (JML 2014 personal communication
8
). 
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The national database was created for two major purposes (Glossop 2005). Firstly it would be a 

central repository of information about incidence and prevalence of JD at farm, regional and 

national levels.  This information is very useful per se as it can be utilized to identify problem 

farms, monitor trends of disease occurrence and determine herd status. Secondly, the database 

would help determine and monitor targeted control strategies at farm and industry levels.   

2. The Johne’s Consultant Network (JCN): Johne’s consultant network was initiated by JML. 

It is a national network of people specially trained and provided with JD control tools to develop 

farm-tailored JD control strategies. For membership of the network, interested veterinarians and 

deer specialists participate in a multi-day workshop coordinated by JML. Contact details of each 

member are published on Johne’s Management Limited website. Currently, 57 JD specialists are 

listed as JCN members (JML 2015).  

3. Guidelines for implementing control: A technical manual entitled ‘JDOne Understanding 

Johne’s Disease’ was prepared by JML in June 2009. In addition to a general introduction to the 

disease in New Zealand, the manual focuses mainly on assisting veterinarians to develop on-farm 

risk management plans for controlling JD. Users of the manual are expected to achieve three 

major aims: (i) reduce the risk of MAP entry into a farm, (ii) minimize MAP transmission within 

the herd and, (iii) maximize herd health in the farm.  In 2010, a farmer-focused adaptation of the 

manual was developed which excluded epidemiological details of MAP of the original manual.  

4. On-farm actions and research: On farm control of MAP is a focus activity of JML. It uses 

the JML National Database for tracking farms that have sent deer suspected of having MAP. 

Every four months farmers receive notification letters which mainly include number of lesions 

detected and options for determining a risk based management plan for the farm.  JML also 

collaborates with researchers and research providers on Johne’s disease in the country while 

maintaining data confidentiality.  

Generally, despite the rising trend of the JD prevalence in New Zealand deer, the industry 

appears to be in a good position to curb the negative economic impact of JD. In the last decade, 

extensive research has been carried out to understand JD in deer under New Zealand pastoral 

conditions. Abattoir based surveillance and a risk based control strategy have been established. 

Participation in JD control is voluntary and addresses affected farmers who receive tailored, risk 

based management advice. A Veterinary Consultancy Network has been created, JD control 

guidelines have been developed and increased awareness has been achieved among farmers. 

Generally, the JD control programme in deer is in a better position than it currently is in any 

other livestock production system in New Zealand. 
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Table 1: Summary of control and specific features of Johne’s disease (JD) in New Zealand beef and dairy cattle, sheep and farmed deer.  

 
Characteristics of JD  Cattle Sheep Deer References  

Control strategy Dairy: use of the Toolkit for voluntarily 

participating farmers; sire selection for 

resistance 

Beef: no control due to low incidence 

Voluntary, long term use of 

vaccination based on annually >1% 

ewes with JD  

Voluntary participation of farmers in the 

Johne’s Consultant Network 

Dairy New Zealand 2015,    Heuer 

and Anderson 2015, JML 2015 

MAP strain Dairy: 90% type II, 10% type I 

Beef: 80% type I, 20% type II  

87% type I, 13% type II 91% type II, 9% type I; type II regarded 

as more virulent  

Verdugo et al. 2014b  

Observable signs Dairy: low BCS in older cows, diarrhoea  

Beef: signs of JD rarely observed 

Low BCS of 2-3 year old ewes, 

diarrhoea often absent  

Low BCS, diarrhoea of varying   

intensity and less common.  

JML 2009 

On-farm diagnosis  Milk/serum ELISA sensitive in clinically 

affected animals, may be used for 

identifying highly exposed herds and/or 

high shedders 

ELISA sensitive in clinically affected 

animals, low BCS + post-mortem 

Paralisa
TM

 for screening at cutoff  >100 

EU in series with faecal qPCR, culling 

of animals positive for both tests. 

Voges et al. 2009 

O’Brien et al. 2013, 

Heuer and Anderson 2015  

Post-mortem:  

Small intestines  

Lymph nodes:  

 

Thickened and corrugated  

Extensive necrosis of mesenteric lymph 

nodes often absent  

 

 

Thickening not always present  

Extensive necrosis of mesenteric 

lymph nodes often absent 

 

Thickening not always visible 

Extensive necrosis in mesenteric lymph 

nodes.  

 

JML 2009  

de Lisle et al. 2003 

Herd/flock prevalence Dairy: 54% (95%CI 44-68%) 

Beef:  42% (95%CI 35-50%) 

76% (95%CI 70-81%) 46% (95%CI 38-55%) Hunnam 2014a  

Verdugo et al 2014a 

Annual clinical incidence in 

infected herds/flocks 

Dairy: 0.5% (range 0-6.2%)  

Beef:  0.2% (95%CI 0.1-.3%) 

0.2% (95%CI 0.1-0.2%) 0.4% (95%CI 0.2-0.7%) Hunnam 2014a 

Verdugo 2013 

 

Vaccines as a control method 

 

No vaccine  licensed in NZ, interference 

with national TB control  

 

Vaccine considered efficient if annual 

JD incidence >1%; replacement lambs 

vaccinated with Gudair
TM

at docking  

 

Prevention of clinical JD, interference 

with national TB control, replacement 

hinds vaccinated with Silirum
TM 

at 

weaning 

 

Mackintosh and Thompson 2007 , 

Stringer et al. 2013   

 

Surveillance Currently no national surveillance Currently no national surveillance Abattoir based national surveillance 

established in 2007 

JML 2011 

JDRC funding allocation 

2008 – 2016 

Dairy: 48% 

Beef:    5% 

12% 35% JDRC 2014 
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