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Collaborative investigation projects (CIPs) 
• Coordinated by EpiCentre, World Bank grant 
• 12 CIPs on 7 zoonoses in 7 countries in South Asia 
• Integrated studies in human and animal 

populations, implemented by combined animal 
and public health teams 

• Provide: epidemiology training, experience of 
One Health collaboration, contribute to national 
and regional disease control policy 
 

One Health: Asia 
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Foot-and-mouth disease (FMD) control 
Toxoplasma gondii and sea otters 

Part 1: Epidemic modeling and 
decision making 



Evaluation of FMD control 

Source: Pam Hullinger, CDFA 

CADMS, TAMU, USDA, USDHS, CDFA, TDFA, Industry 
 

• What if a terrorist attacks with FMD virus? 
• How important is early detection/surveillance? 
• What is the benefit of animal identification? 
• What is the economic impact of FMD/controls? 

 
 



Davis Animal Disease Simulation 
(DADS) Model 

• Spatial 
• Stochastic 
• Data dependent 
• Individual animal based 
• National level spread & 

control  
• Transmission levels 

– LAS 
– Direct 
– Indirect (HR and LR) 
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46,300 dairy herds in the U.S. 
(7.85 million milking cows) 



Simulated “Terrorist” Outbreaks at  
20 days Post Introduction 



      Electronic        Current 
  Large      Small    Large    Small 

      Electronic        Current 
  Large      Small    Large    Small 

Expected benefit from an individual animal 
identification system 

      Dairy        Dairy 
   

      Dairy        Dairy 
   



Number of Animals Slaughtered vs. 
Detection Delay (no vaccination)  



Agriculture Sector Model (ASM)  
 • National analysis over a regional 

structure:  can simulate disease          
shock in a single region and              
system resilience is reflected                  
with readjustments in             
consumption and locus of         
production 

• Price endogenous 
• Models the diverting of sector inputs 

(such as feed) to alternative beneficial 
uses 

• Supports multiple sectors (e.g., crops, 
animals, feed, milk etc.) 

Cow/Calf 

•Beef Steer Calves 
•Beef Heifer 
Calves 
•Cull Cows 
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National Agriculture Surplus Loss vs. 
Detection Delay and Vaccination* Status 
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*Vaccination = vaccinate “to die” 



Conclusions 

The US is not prepared for an agroterrorist attack. 
Surveillance should be increased and targeted. 
Electronic animal identification can save lives. 
Vaccination-to-die is not an economically viable 
alternative but vaccination-to-live may be 
(Switzerland). 
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Toxoplasma gondii and sea otters 

Liz Van Wormer, Jonna Mazet, Pat Conrad,                  
Tim Carpenter, Wes Wallender (UC Davis) 

 
How likely is it that sea otters are dying due to 
T. gondii exposure from cats? 
 
If cats are important, where should control 
efforts be focused, on domestic or wild cats? 
 





 



2 Sites of High Otter Infection 

 



Feral Cat Sources and Sampling 

Animal shelters 

Blood, fecal, and tissue samples  
 

Depredation trapping 



Areas bordering high risk sites for otter infection 
  - Roads and Depredation 
 
Blood, fecal, and tissue samples 
 

 Terrestrial Carnivore Sources and Sampling 



Oocyst land-to-sea modeling 

• Demographic 
estimates  
– Domestic cats 

• Pet 
• Managed 
• Unmanaged  

– Wild felids 

• Toxo. prev. estimates 
– Infection 
– Shedding 

• Precipitation 
• Land use  
• Vegetation type 
• Elevation 
• Slope 

 



Comparing infection and oocyst shedding 
 

                                                          

managed unmanaged bobcats  mountain lions 
Blood Samples 720 16 22 72 

Infection 16.8% 81% 73% 83%   
 Fecal Samples 435 17 16 50 

 Shedding Prevalence 1.8% 12% 12% 4% 

 Est. active shedders 559 ~300 ~100 1-3 



 

          Development of an oocyst loading and 
land-to-sea transport model 



Elevation and 
land use maps 



Simulate a wee bit 
or heaps of rain and  
watch the oocysts flow 



 



Conclusions 
• Areas of current and 

future exposure risk 
can be identified. 

• Management actions, 
e.g. feral cat control, 
can be more 
accurately assessed. 

• Pop. and LU changes 
are not good news for 
the sea otter. 



Collaboration at the human-animal 
disease interface 

Anou Dreyfus, Fang Fang, Alison Harland, Emilie 
Vallée 

 
 
 

Jackie Benschop, Julie Collins-Emerson, Cord Heuer, 
Peter Wilson  

Part 2: Leptospirosis in New 
Zealand  



Leptospirosis continues to place a 
burden on rural New Zealanders 

 
2011: 70 notified cases  

– 62 reported occupation 
• 36 farmers 
• 10 meat industry 

– 58% hospitalised 
 

source ESR 2012 



Leptospirosis 

• Zoonotic, bacterial disease of most mammals 
• In NZ ≈ 6 known serovars (of ≈ 300) 
• Persist in proximal tubules of kidneys in 

maintenance hosts 
– Excreted in urine for 
   extended period 

 

Introduction 



Maintenance hosts for leptospirosis in 
New Zealand 

• L.borgpetersenii serovar Ballum: rodents and hedgehogs 
• L.borgpetersenii serovar Hardjo*:cattle, deer, sheep 
• L.interrogans serovar Pomona*: pigs, ? ruminants 
• L.interrogans serovar Copenhageni*: rodents 
• L.borgpetersenii serovar Balcanica: possums 
• L.borgpetersenii serovar Tarrasovi: rodents and pigs 
 
 
 

 
 
 

*animal vaccines available 



Take home messages: lepto in animals 

• Our farmed ruminant species are maintenance 
hosts of serovars that cause disease in humans 

• These show a high level of sero-positivity and 
shedding (Posters: Anou Dreyfus and Fang Fang) 

• Clinical disease and losses can occur 
• Sub-clinical losses (Poster: Emilie Vallée) 

• Vaccination programmes in animals have variable 
uptake 

 
 
 
 
 



Collaborators  
• Beef and Lamb New Zealand  
• Canterbury Health Laboratories 
• ESR Leptopira Reference Laboratory 
• Federated Farmers 
• Gribbles Animal Health Laboratory 
• Meat workers, farmers, veterinarians and vet students participating in 

our studies 
• Meat workers union Aotearoa 
• Michael Baker 
• Occupational physicians: Drs. John Kerr and John Reekie 
• Rural Women New Zealand 
• Silver Fern Farms and other meat companies 
• Waikato District Health Board and GPs: Drs. Anita Bell, Keith Buswell, 

Chris Mansell and phlebotomists 
 
 
 
 

 



Studies in meat workers 
 

Exposure assessment 
Sero-prevalence and risk factors 
New infections and risk factors 
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Eviscerator 

Meat Inspector 

Offal Handler 

Occupational Exposure to Pathogenic 
 Leptospira from Sheep Carcasses in a 
New Zealand Abattoir  
 



Yard 
Meat 
inspection 

Gutties 

Casings 
Room 

Offal 
Room 

Stunning 
and 

sticking 

Popping 
kidneys 

Flow of sheep 

Chillers Freezers Rendering Boning/Cutting 
Room 

Pulling 
Kidneys 

Pelting Pulling 
Shoulders 

Odds 85x higher Odds 53x higher Odds 22x higher 

Slaughter Board 

NZ-European vs other x   5 odds 
Home slaughter of cattle x   15 odds 
Home slaughter of pigs/sheep       x     4 odds 



New Infections: cohort study estimate.. 

• Annual risk of infection with Har &/or Pom in abattoir 
workers in NZ   

• Risk factors for new infection related to occupational and 
non-occupational activities 

• Incidence of confirmed clinical leptospirosis 
• Proportion of ‘flu-like’ illness cases among all workers 

attributed to Leptospira infection (PAF) 
• Economic impact 
• Under-ascertainment in the official  
 notification system 

 

Dreyfus PhD in prep 



Hawkes Bay 
cattle, 3 sheep  South Taranaki 

 cattle, sheep 

Canterbury 
deer 

Otago 
deer 

Sheep numbers 2008 (Agribase) 

8 meat-plants 
592 workers 
1. Nov 2009-March 2010 
2. Nov 2012-May 2011 



 Interview 
• Work  

– Positions (155) 
– Time 

• Exposure to livestock/wildlife  
– Farming 
– Hunting 
– Slaughter at home 

• Age, gender, ethnicity, smoking   
• Disease history 

– Lab/doc confirmed clinical leptospirosis 
– ‘Flu-like ‘symptoms 

• Use of Personal Protective Equipment (PPE) 
– Facemask/goggles 
– Gloves 

 

Methods 



 
Sero-conversion or anamnestic response 

• = new infection 
• 49 of 592 persons sero-converted or had an 

anamnestic response (8.3%, 95% CI 6.2-10.9)  
• 47 worked in sheep abattoirs 
 

Results 



Sero-prevalence & new infection risk 
Abattoir N tot 

 Sero-
positive % 95% CI N tot YAR 

Annualized 
Infection risk % 95%  CI 

Sheep1a 104 11.5 6-19 82 1.17 11.5 6.2-19.8 

1b 242 9.5 6-14 135 1.15 8.4 4.7-14.1 

2 97 11.3 6-19 68 1.07 16.4 7.6-22.9 

3 32 31.3 16-50 21 1.13 12.6 3.3-32.9 

4 92 9.8 5-18 78 0.96 10.7 5.1-20.6 

Deer5 21 19.1 5-42 18 1.01 0.0 0.5-21.6 

6 36 16.7 6-33 32 1.00 0.0 0.3-13.3 

Beef7 73 5.5 2-13 58 1.12 1.5 0.1-9.3 

8 112 5.4 4-20 100 1.02 1.0 0.1-6.1 

Total 567 10.9 17-23 592 1.07 7.7 5.8-10.1 

Results 

1st blood sample 2nd blood sample 
* 



Risk factors for new infection 
 (sheep plants) 

Variable Category RR 95% CI P-value 

Work position Boning, chillers, office Ref 

Offal, pet food 4.1 (1.0-16.4) 0.048 

Gut removal, meat inspection, 

pulling kidneys 

5.2 (1.7-16.0) 0.004 

Yards, stunning, pelting 7.5 (2.5-22.4) <0.001 

Months worked in 

meat industry 

<=72 Ref 

>72 - 180 3.0 (1.1-7.9) 0.032 

> 180-324 1.3 (0.4-3.9) 0.643 

>324  3.0 (1.1-7.9) 0.026 

Abattoir  1,3,4,5 Ref 

2 2.0 (1.0-3.9) 0.046 



Clinical disease 

• 3 men from sheep abattoirs had confirmed 
clinical leptospirosis within study period 
– 2 sero-converted against Pom, 1 remained sero-

positive against Pom  
– Age 43-67 years  
– Worked on slaughter board (2) and offal room (1) 

• How many were ill but without confirmed 
diagnosis (probable leptospirosis)? 
 

 

Results 



New infection and flu-like illness in sheep abattoir workers 

384 sheep plant 
workers blood sampled 

12% (47) 88% (337) 

47% (22) 53% (25) 24% (82) 74% (251*) 

Seroconverted or  
anamnestic response  
against Har/& or Pom 

no 

‘Flu-like’ 
symptoms 

yes 

yes no yes no 

New infection with Har and/or Pom was associated with a 2-fold higher risk of 
‘flu-like’ illness 

Results 



Disease impact 
Outcome  Exposure  RR (95% CI) PAF (95% CI) p-value 

Flu-like 

symptoms 

Seroconversion 

-Yes 1.90 (1.32-2.71) 0.10 (0.02-0.16)    0.007 

-No Reference 

Relative risk: new infection with Pom and/or Har increased the risk of illness 
with ‘flu-like’ symptoms 1.9-fold  
 

Results 

PAF: 10% of ‘flu-like’ cases in the study population were attributable to a  
new infection with Pom and/or Har  (assuming causality)  



Under-ascertainment & economic impact 

• Under-ascertainment of officially notified cases with 
leptospirosis in last five years 
– Between 16 and 56 times 
– Comparison of proportion of notified leptospirosis cases from 

meat industry with proportion of probable and confirmed 
leptospirosis cases in the sheep abattoir worker study population 

 

• Economic impact  
– average number of days away from work due to illness per 

newly infected worker 
– 4.4 days (95% CI 2.7 - 6.1) 

Results 



Summary 
• Sheep plants: high prevalence & incidence 

– Sheep urinate spontaneously when stunned, more animals 
processed 

• Deer plants: high prevalence, low incidence 
–  workers from highly exposed areas already positive! 

• Beef plants: low prevalence & low incidence 
– Different slaughter procedure, less animals processed 

• Work position: main risk factor 
1. Stunning, pelting     
2. Gut removal, pulling kidneys  
3. Processing of offal and intestines 

Discussion 



Summary 

• PPE? 
 

• 10% of ‘flu’ cases in sheep abattoirs are lepto 
cases  
– Limitation: timing of sampling was at 
   variable distance from disease 

 
• Under-ascertainment: many lepto 
  cases are not captured 



Funders 
• AGMARDT 
• C. Alma Baker Fund 
• Department of Labour 
• Health Research Council 
• Meat workers union Aotearoa 
• Pharmaceutical companies: MSD, Virbac and  Pfizer Animal Health 
• Rural Women New Zealand 
• Sheep & Beef and Dairy branches NZVA 
• Sustainable Farming Fund 
• Tertiary Education Commission: BRCSRA 
• Wairarapa Veterinary Association 
• William Barlow Estate 

 



A case study to show what can be 
done in a short period of time with 

good collaboration 

Part 3: Emerging infectious disease 
response 





Salmonellosis in dairy herds 

• Telephone call from Taranaki veterinarian 
Peter Morgan 12 December 2011 
– increase in the number of dairy herds with acute 

salmonellosis 
 

– many affected herds known to have used a 
particular type of pelletised magnesium 
supplement 













Salmonellosis in dairy herds 

• December 2011  
– Ministry for Primary Industries reported that the 

National Animal Health Information Surveillance 
programme had detected a change in the pattern 
of diagnosis of salmonellosis in dairy cattle in New 
Zealand 
 

– ↑in the incidence of uncommonly reported 
Salmonella serotypes in cattle; moderate ↑ in 
laboratory case counts for Salmonella spp. in 
cattle 

 



Frequency histogram showing monthly counts of laboratory submissions for 
salmonellosis as a function of calendar time, July 2003 to December 2011. 
Superimposed is a smoothed plot fitted to the monthly submission counts. Source: 
Ministry for Primary Industries (New Zealand). 





Salmonellosis in dairy herds 

• Salmonella liaison group formed in early 
January 2012 comprised of representatives 
from  
– Ministry for Primary Industries 
– Fonterra 
– Dairy cattle veterinarians 
– New Zealand Veterinary Association 
– Massey University 

 



Salmonellosis in dairy herds 

• Group’s mandate has been to coordinate 
activities related to learning more about the 
epidemiology of salmonellosis in New Zealand 
dairy cattle and development of evidence-
based control strategies 

 



Activity Date Details 

Taranaki case-control 
study 

Dec 2011 Telephone questionnaire 
administered to 16 case and 16 
control herds, Taranaki. 
 

Fonterra cross-sectional 
study 

Dec-Jan 
2012 

Web-based questionnaire 
administered to Fonterra 
suppliers. 
 

National case-control 
study 

Mar-May 
2012 

Mail-out questionnaire 
administered to 55 case and 55 
control herds. Case herds 
identified from Fonterra cross-
sectional study. 
 



Salmonellosis in dairy herds 

• Taranaki case-control study 
– completed in the week before Christmas 

 
– cases comprised the 16 dairy herds (laboratory) 

confirmed as salmonella-positive by four Taranaki 
dairy practitioners 
 

– controls were dairy herds that received a visit by a 
veterinarian from the same practice on the day 
before the index salmonella visit to each case herd 

 



Salmonellosis in dairy herds 

• Three factors significantly associated with the 
risk of a herd being salmonella positive: 
– use of supplementary feeds apart from palm kernel 

meal [odds ratio 9.0, 95% CI 1.5 to 51] 
 

– use of pelletised mineral supplements containing 
MgO [odds ratio 153, 95% CI 6.7 to 3500] 
 

– home mixing mineral supplements [odds ratio 13, 
95% CI 2.0 to 80] 

 





Salmonellosis in dairy herds 

• Limited geographic extent and small number 
of case herds in Taranaki study meant that 
only those risk factors strongly associated with 
disease were detected 
 

• National case-control study funded by MPI, 
Fonterra and the Society of Dairy Cattle 
Veterinarians was instigated in April 2012 
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National case-control study questionnaire. 



Box and whisker plots showing the crude odds ratios for three exposures, Taranaki 
case-control study and national case-control study. 
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Salmonellosis in dairy herds 

• Supplementary feed use and the way 
supplementary feed delivery methods were 
delivered to cattle on-farm were risk factors 
for acute salmonellosis in New Zealand dairy 
farms in 2011-2012 
 

• The formulation of magnesium 
supplementation used on-farm plays a role in 
the aetiology of this syndrome 



Salmonellosis in dairy herds 

• This is a nice example of how an emerging 
disease syndrome (EDS) should be managed 
 

• It’s highly likely that this sort of thing will 
happen again in the future  
 

• The precedents we’ve set ourselves (in terms 
of organising the investigatory effort) should 
serve us well when the next EDS strikes 



Practitioners 

MPI 

University 
NZVA 
DCV 

Industry 

Blew the whistle; 
developed hypotheses 

Developed and 
maintained a 

robust surveillance 
system 

Responded to 
practitioners when 
they asked for a 

hand 

Kept everyone  
organised 

Fonterra: 
infrastructure, 
logistic support 

Mineral 
supplement 

manufacturers: fix 
it attitude 



Epidemiology has the capacity to add value to 
a range of different disciplines. 
 
This symbiotic relationship can provide useful 
and valuable information to decision and 
policy makers. 

Conclusions 
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