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• Food and 
water safety 

• Environmental 
and ecosystem 
health 

• Controlling 
epidemics 

www.idrec.ac.nz/ 



m
EpiLab: 

Molecular Epidemiology and  
Public Health Laboratory 

We work on: 
• Food safety 
• (Veterinary) Public Health 
• Surveillance  
• Molecular epidemiology of zoonoses 

• Campylobacter 
• VTEC (E. coli O157) 
• Cryptosporidium, Giardia 
• Leptospira 
• Salmonella 
• ...others 

http://mepilab.massey.ac.nz 
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Veterinary Public Health 
• ..”the sum of all contributions to the physical, mental and 

social well-being of humans through an understanding and 
application of veterinary science” (WHO 2002) 

 

• Zoonotic disease 

• Food safety 

• Wider context....  

 



Zoonoses figure 
very prominently in 
New Zealand.   
 
Source: ESR Ltd 
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Campylobacter

Salmonella

Recent trends in notified cases 

Campylobacter 

Salmonella 

Number of cases 

Date 



Key facts 

•  ~60% of ~1500 human infectious 
diseases are zoonotic 

• ~75% of human emerging 
infectious diseases are zoonotic 

• 33% of zoonoses are transmissible 
between humans 

• Many zoonoses don’t affect their 
animal host 

 

http://en.wikipedia.org/wiki/File:Contagion_Poster.jpg


Single and multi-host pathogens 

• Most infectious agents are multi-host 

• Particularly emerging ones 

• Subset of these are the zoonoses 

• Single host agents relatively rare 

• Subset of these are the solely human to human spread 
agents (anthroponoses) 

• Evolved once population reached critical size 
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Zoonoses - quiz 

1999 
 
20008 
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Case 
• An adolescent boy aged 16 years was bitten on the left hand by a healthy-

appearing sheep that he was grooming for a county fair. Three weeks after 
he sustained the bite, the patient went to his doctor with three nonpruritic, 
painless vesicular lesions on his left thumb, the largest of which was 1.5 cm 
in diameter. Two lesions were eroded vesicles with an erythematous base 
and white halo; the remaining periungual lesion around the nail was still 
intact. The patient reported no constitutional symptoms, and the rest of his 
physical examination was unremarkable. No treatment was administered, 
and the lesions healed spontaneously after 2 months.  
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Orf 

Aka 

• Contagious ecthyma 

• Scabby mouth 

• Contagious pustular dermatitis 

Agent:  Parapox virus 
 DNA virus 
 Family poxviridae 

 

“Skein of wool” 



12 

Orf: Disease in man 

• Incubation period 5 or 6 days 
• Small, firm, red or reddish-blue lump enlarges to form flat-topped, blood-

tinged pustule or blister.  
• Lesion usually 2 - 3 cm but may be 5 cm.  
• “Characteristically, although there appears to be pus under the white skin, 

incising this will reveal firm, red tissue underneath.”  
• Sometimes irritable, often tender.  
• Generally solitary or few in number.  
• Fingers, hands or forearms, occasionally face.  
• Occasionally red streaks up lymph channels, enlargement of lymph glands 

on the inner side of elbow and/or under the arm.  
• May be a mild fever.  
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More severe 
Can be severe fever and multiple lesions on face, arms and trunk 
Immunocompromised individuals 

Erythema multiforme 

Bullous pemphigoid 

Stevens-Johnson syndrome 





Clinical signs in sheep 

• Pustular and scabby lesions on the non-woolly areas of the skin 

• Occasionally in the mouth and oesophagus 

• Can lead to starvation and death 

• In ewes, lesions usually found on the udder and teats  

• With dermatophilus: Strawberry foot rot  

• Venereal lesions 

• Poor immunity – repeat infections 
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Clinical signs 

• EM – large numbers 

• Acidophilic, intracytoplasmic inclusions 

• Real-time PCR genus- and species-specific primers 

• Standard PCR assays 
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Epidemic/endemic status 
Animals  

• Highly prevalent 

• Sheep and goats 

• Globally important 

• Prevalence 12% in lambs at slaughter 

• Mortality <1% (can be higher) 

 

Risk factors 

• 3-6 months age 

• Rough grazing – thistles and gorse 
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High risk groups 

Man – occupational exposure 

• Meatworkers 

• Farmers 

• Vets 

• Shearers 

• Underdiagnosed 
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Vaccination 

Animals 
• Vaccination 
• Scabine 
• Live vaccines: ‘mild field strain’ of the orf virus .  
• Given to lambs at docking 

• Usually if history of infection on farm 
• Immunity lasts ~8 months, but often rechallenged naturally 

• Vaccine can cause disease in man 
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Pseudocowpox 

• Milker’s nodule, Papular stomatitis,  
Paravaccinia 

• Agent:  Parapox virus 
  very similar to Orf virus 
  DNA virus 
  Family poxviridae 

• Variants of same virus  

• Not true cowpox – not endemic in NZ 
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Disease in man 
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Clinical signs 
• Teats and udders of cattle 

• Raised firm, erythematous lesions 

• Necrotic centres 

• Bleed if scabs removed 

 

• Papular stomatitis 

• Oral mucosa, lips, hard palate, dental pad, muzzle, nostrils, 
tongue and oesophagus 

• Up to 2cm diameter 

• 2O infection – candida, aspiration pneumonia 
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Clinical signs 





Leptospirosis 

• Arrived? First confirmed in a calf in 1950 

• Late 1950s early vaccines 

• Bivalent vaccine introduced in 1979 

• Improved diagnostics in 1980s 
• “The photophobic dairy farmer retiring to bed with aching 

muscles, fever and nausea is now almost a thing of the past. This 
must mark as one of the major recent advances in (veterinary) 
public health in New Zealand.”   

Roger Marshall 

David Blackmore 



http://www.leptosure.co.nz/


Leptospirosis continues to place a 
burden on rural New Zealanders 

• Our ruminant livestock are highly exposed and maintain the 
bacteria in kidneys 

• People infected through animal urine contact 

• 2010 81 notified cases 

• 75 reported occupation 

• 41 farmers 

• 14 meat industry 

• Half hospitalised 

 



RWNZ, Massey and leptospirosis 

Drs. John Kerr, Anita Bell, 
Chris Mansell, Keith Buswell 
 
Fang Fang, Anou Dreyfus, Emilie Vallee, 
Alison Harland 



Known endemic serovars and 
maintenance hosts in NZ 

>180 serovars worldwide 





 

Human lepto trends 
2007-2011 

Increasing predominance 
of Ballum at expense of 
Hardjo-bovis and Pomona 

 

Relatively more farmers 
compared to 
meatworkers in recent 
years 

Data source: Thornley et al 2002 and ESR 





Livestock prevalence 

• Previous: slaughter stock 

• 44% lamb slaughter lines 

• 85% deer slaughter lines  

• 71% beef breeding herds 

• Urine shedding at slaughter: 31% for sheep, 21% for cattle 

• New data adult breeding stock (238 farms, 20 animals/mob): 
Dreyfus et al. unpublished 

Farm sampled

N

0 200
km



Dairy cattle prevalence 
Parramore et al. 2011, unpublished 



Production effects: Beef cattle 

• Linked to willingness to vaccinate... 

• Clinical disease: rare (jaundice, haemoglobinuria) 

• Outbreaks: 22 / 1,061  (2.1%) 

• Growth and weaning rates 

• ?? Current study 

• Foetal loss 

• Associated with both Hardjo and Pomona 

• 9.1% of all foetal loss attributable to Hardjo or Pomona 

(Sanhueza et al, 2012) 



Meat worker study design 

Bi-annual interview & blood sampling 

 of ≈ 600 meat workers 

8 meat plants (sheep, deer, cattle) 

Sero-prevalence n= 581 

Sero-conversion n= 384 

 

Sero-prevalence n= 567 

2009/10 2010/11 
time 

Cross sectional (CS) Cohort 

Methods 



Key findings meat worker study 
(current and new infections) 

Worker position a risk factor 

PPE may not protect 

12% new infection risk over one year 

384 were negative 2010 

47 of these had became positive by 2011 
Of these 47, 1 was diagnosed with lepto 

However half of these 47 (22) reported a flu-like illness and had a 
median of 4.4 days off work 

Can quantify under-reporting and disease burden 





Canine Leptospirosis in NZ 

• Exposure to Copenhageni common 

• Acute infection usually is infrequent 

• Currently are a number of local cases 
• Vets from Taranaki/Hawkes Bay/Rangitikei and Tararua have 

reported cases of acute leptospirosis in dogs in the last 
couple of months – Pomona is the serovar implicated so far.  

• Canine vaccination (Icterohaemorrhagia) 
cross protects for serovar Copenhageni 
only  

 



Lepto in Context 

• High endemic level in sheep, cattle and deer   high human 

exposure 

• Changing ecology   shift in host – serovar balance 

• Little knowledge about wildlife reservoirs 

• Uncertainties about vaccination of animals   NZVA review of 

best practice recommendations 

• Real impact on human disease underestimated 

• Prevalence data required for farmers, vets etc   identification 

of infection sources 
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Campylobacter 

• Diarrhoea (98%), abdominal 
pain (92%), fever (85%), 
vomiting (39%), bloody 
diarrhoea (33%) 

• 7.6% cases hospitalised 
(2004) 

• Complications 
• Guillain Barré / Miller Fischer/ 

RA 



Campylobacteriosis 

Source: Olsen et al Campylobacter. 3rd ed. Washington DC: ASM Press; 2008 .   



Campylobacter $36 million or 27% of all disease-specific costs—followed by 
salmonellosis ($15.4 million, 12%). 
STEC, although rare, accounted for $14.6 million (11%) of total cost of food borne 
disease  



Campylobacter from space... 

Google Earth 2000-10 

110,000 cases 
 



Setting up a sentinel site 
• Collaboration 

• MedLab Central 

• MidCentral Public Health 
Unit  

• Human health 
surveillance unit: ESR  

• Industry bodies 

• Dairy and sheep farmers 

• Regional council 

• Institutes at Massey 

• Regulator: NZFSA 

 

Manawatu study 2005-2012 



Host associated sequence types in NZ 
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Genotype ST 474 street-level pattern 
 
Poultry associated cases 



Ruminant-
associated 
human cases 



Evolutionary modelling 
 

• Population genetics 
approach 
 

• Used to find out source 
of human infections 

Human 

Wild bird 

Chicken Sheep 

Cow 

Water 



Source attribution (Mullner et al) 

Proportion of human campylobacteriosis cases attributable to 
each source: comparing, from left to right, the Dutch (I), 
modified Hald (II) and asymmetric island model (III). Error bars 
represent 95% confidence / credible intervals. 



…2006-2009, now 2010-2012 



Relationship between campylobacteriosis notifications 
and hospitalisations (A. Sears) 

Data Sources: ESR Ltd notification data; NZHIS hospitalisation data (filtered) 

$40M per annum  
saving to economy 



Change in source of infection 

Time in years 



Rates: 
Number 
of cases 
per 1000 
people  

Year 

Changing epidemiology presents new challenges  



Models showed 
strong 
correlation with 
density of dairy 
cattle in rural 
areas 

Why different epidemiology in rural areas? 



Raw milk cluster 



Tararua outbreak in 2008 

Water flow 

Episurv  

ST 190 



Manawatū River 



Ruminant 



Campylobacter source attribution: water 
Most bacteria from water in Manawatu associated with wildlife – even in dairy catchments 

Water birds 

Sheep 
Cattle 



Waikato human cases 2000-2009 
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Seasonality and dairy density 

Urban 

High dairy rural 



Cattle-associated cases 

• Young children 

• During calving season 

• Direct contact? 

• Epidemiology changed 

• Different set of policy and 
decision makers 

• Different stakeholders 
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Human STEC Cases in NZ / 100,000 population  

NZ = 3.2/100000 
UK = 2.2/100000 
USA=1.2/100000 

Source ESR Ltd 
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VTEC

Number of cases 

Date 

Recent trends in notified cases 

VTEC/STEC (mainly O157) 



Decisions made 

Epidemiological and microbiological events 

Dec 2009 

C 

C 

B 

A 
A 

B 

B 
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Pathogenesis & Clinical Signs : EHECS 

• Humans: O157/H7 
• haemorrhagic colitis (HC) 

• E. coli attach to and destroy enterocytes 

• severe & painful haemorrhagic diarrhoea 

• haemolytic-uremic syndrome (HUS) 
• E. coli secrete Shiga toxins 

• toxins gain access to blood stream & body tissues → systemic 
complications 
• renal failure: destruction of renal endothelial cells 

• haemolytic anaemia & thrombocytopenia 

• thrombocytopenic purpura (TTP) 



Pathogenicity 

•  E. coli can cause human disease when they possess 
stx1 or stx2. 

• Individuals infected with strains producing stx2 more 
likely to develop severe disease than those infected 
with strains carrying Shiga toxin 1. 

• Thought that E. coli must contain stx1 or stx2 and eae 
(intimin) and its substitutes to have the highest 
chance of causing disease in humans 

70 
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72 
Source: Mohammad Koohmaraie 



VTEC: 
the movie 

Cases predominantly children <5y.o. 



Rate of STEC O157 in rural areas three times that of urban areas 

and disease strongly associated with the density of dairy cattle 
 

Thorburn, D., 2010. Ruminant density, Verocytotoxigenic Escherichia coli and cryptosporidiosis in New Zealand: Descriptive and ecological 

analyses.  University of Otago, Dunedin. 
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Prevalence in cattle 

Animals sampled 

O157-prevalence 

 (range among plants) 

O26-prevalence 

(range among plants) 

Calves (n = 695) 

 

21.0% 

(10.0% - 33.0%) 

29.1% 

(19.0% - 40.0%) 

 

Beef (n = 555) 

 

7.6% 

(3.9% - 11.4%) 

6.7% 

(4.8% - 9.4%) 

O157 and O26 are common – particularly in bobby calves 



Typing of STEC O157 

• Only subset of all types that 
cause human disease. 

• Different strains, different 
virulence 

 

From Leopold 

PNAS 2009 

From Lee et al 

2011 



STEC cases 2000-9: 
 

Cases predominantly children <5y.o. 



STEC O157 in New Zealand 
Data from Patricia Jaros 
and Tom Besser 

SBI 5 

SBI 1 

SBI 3 



STEC O157 infection pathways? 

• O157 (and O26) common in cattle in NZ 

• Human infection associated with children in rural areas 
with high dairy cattle densities. 

• Compared to overseas NZ has higher proportion of human 
cases of ‘stress-sensitive’ O157 type 5. 

• Both above indicate non-food pathways predominate. 

• Water, direct contact 
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