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Introduction 

Clinical Paratuberculosis (PTB) is caused by extensive multiplication of Mycobacterium avium 

subspecies paratuberculosis (MAP) in the intestinal wall of the distal jejunum and ileum eliciting a 

hyperimmune reaction that results in gut dysfunction, nutrient malabsorbtion, diarrhoea, chronic 

wasting and death. However, the clinical form of PTB is rare. By far the most of all MAP infections 

are tolerated by the host with either small temporary (‘sub-clinical’) production loss or no health 

impact at all. This severity pattern appears to apply to PTB of all domestic ruminant production 

systems regardless of eco-climatic region or intensity of production. Thus, the infection prevalence 

and clinical incidence observed in New Zealand (NZ) may reflect a worldwide pattern (Table 1). 

Table 1: Average herd or flock prevalence of MAP infection and annual clinical PTB 

incidence in four New Zealand production systems (95% confidence interval CI)  

Farm type  Herd/flock prevalence  Clinical incidence
1
 Source 

 
Mean 95% CI Mean 95% CI   

Dairy cattle 54% 44-68% 0.50% 0-6.2%
2
 Hunnam 2014 

Beef cattle 42% 35-50% 0.20% 0.1-.3% Verdugo et al. 2014a 

Sheep 76% 70-81% 0.20% 0.1-0.2% Verdugo et al. 2014a 

Deer 46% 38-55% 0.40% 0.2-0.7% Verdugo et al. 2014a 
 1 

Infected herds/flocks (cases/100 breeding females+year) 
2 

range 

Transmission patterns of all-year pasture based systems with strictly seasonal calving/lambing are 

likely to be very different from those in non-seasonal, mostly indoor, concentrate based intensive 

systems. Pasture based systems are typical for Australia and almost exclusively found in New 

Zealand and Chile with mild winter climates allowing for extended MAP survival. Intensive systems 

are predominant in most Northern hemisphere countries with below zero Celsius temperatures for 

several months. These two most common systems are associated with different exposure patterns 

to MAP. Pastoral dairy farming for example mainly exposes susceptible calves to their dams for 2-3 

days at calving, to transiently shedding calves in collective calf pens to 3 months of age and to 

contaminated pasture by MAP shedding cows or wildlife species (Nugent et al. 2011) up to 6 months 

of age. In intensive dairy systems on the other hand, calves are removed from dams within a few 

hours after calving, then often housed individually without exposure before being transferred to 

collective calf pens for about 2 months with high contact opportunity to transiently shedding pen 

mates, but usually little exposure thereafter (Table 2). 

Pastoral beef, sheep and deer farming is different from pastoral dairy management in that 

susceptible offspring remain with their dams for 3 (sheep) or 6 months (beef, deer). Moreover, 

sheep and beef cattle are often set stocked for several months on the same pasture from 

calving/lambing up to weaning with ample opportunity for dam-offspring transmission. However, 

despite this extended and close dam-calf/ewe-lamb contact, the incidence of clinical PTB in beef 

cattle and sheep was relatively low compared to other species (Table 1). This raised the question 

whether MAP type I (or S) may be less virulent and whether it may be transmitted from sheep to 

cattle. A study to explore this transmission hypothesis is described in the following section. 

 



Table 2:  Transmission patterns of dairy cattle in non-seasonal calving, concentrate based systems 

vs. seasonal calving, pasture based systems 

Source of transmission Concentrate based systems Pasture based systems 

Vertical P ∼ 0.04 to 0.15 P ∼ 0.04 to 0.15 

Pseudo-vertical Low as calf removed from dam 

almost immediately P ∼ 0 

High as calf removed from dam after 2-3 

days P ∼ 0.1/0.4 for low/high shedders 

Transient calf-calf Age 0- ½ months in individual pens 

½ - 2.5 months in collective calf pens; 

2m HIGH EXPOSURE 

Age 3d – 3 months in collective calf pens; 

3m HIGH EXPOSURE 

Weaning ∼10 weeks ∼13 weeks 

Environmental Age >2.5m penned with older (non-

shedding) young stock (<24m); 

10m LOW EXPOSURE 

Limited exposure to pasture 

Age 3 – 6m on pasture contaminated by 

adult cows;  

3m HIGH EXPOSURE 

Age 6-24m on ‘run-off’ without exposure 

to adult pasture; exposure to MAP infected 

wildlife? (Nugent et al. 2011) 

 

Transmission between species through co-grazing  

Strain differentiation of MAP by molecular methods has provided the tool to explore 

transmission pathways. A variety of nucleotide sequence based techniques were applied to 

differentiate MAP strains. The methods were reviewed by Stevenson 2015. They include 

variable number of tandem repeats (VNTR), short sequence repeats (SSR), multilocus short-

sequence-repeats (MLSSR), mycobacterial interspersed repetitive unit (MIRU), whole 

genome sequencing (WGS) and others (Ahlstrom et al. 2011; Mitchell et al. 2016).  

 

Using VNTR/SSR (Collins et al. 2012) for typing isolates from pooled faecal samples of 

healthy adult animals of randomly selected herds/flocks, Verdugo et al. (2014b) showed 

that about 80% infected beef herds were infected with ovine (S) MAP type I, typically found 

in sheep. Proportional similarity index analysis of these data revealed that MAP strains from 

beef cattle and sheep were similar providing strong evidence for cross-species transmission 

from sheep to cattle while grazing the same pasture.  

 

Figure 1: Proportional similarity index evaluating similarity (>0.5) and dissimilarity 

(<0.5) of VNTR/SSR strains of MAP from pooled faecal samples of four 

paired host species comparisons (error bars are 95% confidence intervals).  
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Conversely, a dissimilarity of strains of most other species comparisons indicated that 

transmission was less likely between those hosts (Figure 1). However, the dissimilarity of 

beef/deer strains changed to similarity, albeit not significantly, when the analysis was 

restricted to farms where the two species were grazed together or in succession. 

 

Transmission between farms through animal movement 

Encouraged by these results, a movement network was developed from data of a large corporate NZ 

farm enterprise (Landcorp Ltd.) operating 112 dairy, beef, sheep, and/or deer properties. Faecal 

culture isolates of MAP from 33 farms were strain typed by VNTR/SSR and the probability of farms 

sharing the same strain regressed on the proximity in the network. The two most frequent strains 

are displayed geographically (Figure 2, left) and in the network (Figure 2, centre). After adjusting for 

species, island (N/S), spatial distance, and number of animals moved, the path length was negatively 

correlated with the probability of two connected farms sharing the same strain (Figure 2, right). 

Thus, the closer two farms were connected in the network the more likely they shared the same 

strain. This was strong evidence that MAP was transmitted between farms despite a relatively high 

level of endemic prevalence of MAP infected farms (Table 1). 

Figure 2: Locations (left) of two dominant MAP strains in a movement network of n=33 properties 

(centre) isolated from N=112 farms of one corporate NZ farmer (Landcorp Ltd.). The 

proximity of farms (path length) was negatively associated with the probability of sharing 

the same strain (right, red dots are means, blue dots 95%CI). 

 
  

 

We conclude that strain typing, movement networks and appropriate statistical analysis are 

powerful tools for evaluating the transmission of MAP between animals, species, and farms. The 

transmission of potentially less virulent MAP strains from sheep to beef cattle could be relevant for 

interventions to control PTB by co-grazing if it can be shown that MAP type I (or S) was less virulent 

for cattle. As animal movements increase the risk of MAP transmission between farms, selecting 

animals from farms with a low infection risk can decrease the endemic level of PTB. 
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