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Outline

• Scope of freshwater & public health issues

• Historic & global importance of freshwater for health

• Freshwater hazards in New Zealand

• Impact of intensification of dairying

• Waterborne outbreaks, including Havelock North 

• Implications for prevention & control

Scope of Freshwater & Public Health Issues

Environmental health & sustainability areas related to 
freshwater, including:
• Land use management – farming intensification, urbanisation
• Climate & weather,  Land, soil condition & contamination
• Freshwater quality and health effects

• Surface & ground water
• Recreational water

• Drinking water

• Coastal water & fisheries,   Food safety 
• Sewage, stormwater, solid waste disposal

• Flood control,  Drownings

‘Water, Biodiversity, People’
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Historical importance of clean freshwater
• Wellington had 548 deaths 

from infectious diseases 

like cholera & typhoid, 
1885-91 (pop <50,000)

• Included Gwen 
Beauchamp, 3 month old 
sister of Katherine 

Mansfield, 1891  
• Typhoid outbreaks 1890-

92 in Te Aro ‘Slum’ centred 
on Tory St

Historic importance of clean 
freshwater

• April 1892, Medical Office of 
Health Dr William Chapple 

published a graphic report 
connected typhoid outbreak to 
sewers which overflowed during 
heavy rain

• Recommended a proper drainage 
system.

• Construction work began in 1893

• Typhoid declined by mid 1890s D r W illiam  Chapple  
(1864-1936)

D r John Snow  (1813-58)
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Global importance of clean freshwater

Global Burden of Disease (GBD) estimates:

• Unsafe water, sanitation, and handwashing in 2016 

caused estimated: 

• 1.7 (1.3 - 2.3) million deaths

• 76.0 (61.9 – 93.6) million DALYS 

• Burden is very unequal:

• For low Socio-demographic Index (SDI) countries,   

3rd out of 17 leading cause of DALYS (7·8%)

• For high SDI, 17th out of 17
Source:  GBD 2016 Risk Factors Collaborators, Lancet 2017; 390: 1345–422

Freshwater hazards
Microbiological, eg
• Enteric Bacteria – Salmonella, Campylobacter, VTEC
• Other bacteria – Leptospirosis 

• Protozoa – Cryptosporidia, Giardia, Toxoplasma
• Emerging IDs – Antimicrobial Resistance (AMR) 
Chemicals/toxins, eg
• Blue-green algae (Cyanobacteria) toxins 

• Nitrates, Micro-pollutants 
• Disinfection by-products (chlorine + organic material)
Determinants, eg
• Intensification of (dairy) farming
• Climate change, notably increasing rainfall events
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Campylobacteriosis
Notification & hospitalisation rates, 1988-2017
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Introduced monitoring of contamination levels of fresh 
chicken (April 2007) & regulatory limit (April 2008)

Campylobacteriosis

• Most commonly notified infectious disease in NZ

• 11% hospitalised 2016
• Widespread in animal & bird faeces

• Universal contaminants of surface water

• Ruminant (cattle, sheep) strains contribute to human 

diseasae, particularly in rural areas

• Sensitive to chlorination
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VTEC/STEC
Verotoxin-producing Escherichia coli (VTEC) or Shiga 
toxin-producing Escherichia coli (STEC) infection (includes 

E.coli O157)
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NB. Introduction of screening of all faecal specimens for 
STEC using PCR in an Auckland laboratory in July 2015  
contributed to this  increase  in notifications

VTEC/STEC
• Serious emerging enteric disease
• 28% of cases hospitalised 2016, often with 

haemolytic ureamic syndrome (HUS)
• Case-control study identified significant 

environmental risk factors including:
• Children <5 contact with farm animals

• Contact with recreational water

• Contact with cattle faeces
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Cryptosporidiosis and Giardiasis
Notifications 1997-2017
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Cryptosporidiosis & Giardiasis 

• Common enteric infections, 
particularly in young children

• 7% cryptosporiosis, 4% giardiasis 
hospitalised 2016 

• Widespread parasites in livestock
• Cysts released into environment, 

particularly from calves in spring, 
contaminate water

• Cysts resistant to chlorine, need 
other methods (eg high grade 
filtration, disinfection with ozone 
or chlorine dioxide)
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Cryptosporidiosis & Giardiasis 
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annual 
notification 
rate, 1997-
2006

Source: Snel SJ, Baker MG, et al. Epidemiol Infect. 2009 Apr 27:1-10

Leptospirosis
Incidence, 1980-2017

Notifiable 1952
Peak of 875 cases notified in 1971
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Leptospirosis

• Major occupational zoonotic infection

• 68% hospitalised in 2016

• Widespread infection in livestock (cattle, pigs, 

deer, sheep)
• Potential for transmission in flood waters

Nitrates

• Nitrates in water ® converted to nitrites in gut
• Nitrites oxidise haemoglobin ® methaemoglobin
• Effects more marked in infants <6 months

• May lead to ‘blue’ baby syndrome
• Avoided by reducing exposure (eg breast feeding, 

limiting nitrates in drinking water)
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Intensification of dairy farming

Source: New Zealand 2017 OECD Economic survey: Boosting productivity and adapting to 

the changing labour market.  Published Jun 13, 2017

Intensification of dairy farming
Faecal outputs of cattle vs. humans in NZ

• Cattle defaecations 

• Total output of 25kg / cow / day
• 10 million cattle in NZ

• 250,000 tonnes faecal material / day
• Humans 800 tonnes / day,                                    

mostly treated
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Waterborne Outbreaks 

Epidem ic
(m ore than expected)
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Waterborne outbreaks
By causal agent, 2015

19 waterborne outbreaks with 89 associated cases in 2015  
reported to ESR via EpiSurv

Source: ESR Outbreak Report, 2015
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Waterborne Outbreaks
Campylobacter, NZ Examples

• 1986 – Ashburton, 19 cases in 2 weeks attributed to 
poorly chlorinated drinking water drawn from river

• 1990 – Canterbury, 44 cases linked to livestock 
contaminating camp water supply

• 1997 – Christchurch, 67 cases linked to drinking water 
contaminated with river water

• 2008 – Pahiatua, Manawatu, 9 cases linked to rainfall and 
river flow

• 2012 – Darfield,  110 cases from drinking water supply 
contaminated by runoff from paddock 

• 2016 – Havelock North, 5,500 cases
Source: Report of The Havelock North Drinking Water Inquiry: Stage 1, May 2017

Waterborne outbreaks
Havelock North campylobacteriosis outbreak

• 5,500 people affected in 
August 2016

• 45 hospitalised, 4 linked 
deaths

• Source was untreated 
groundwater, 
contaminated with sheep 

faeces following heavy 
rain

• Campylobacter jejuni 
ST42 predominant cause
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Waterborne Outbreaks 
Consequences

• Long-term (chronic) conditions, notably Guillain–
Barré syndrome (GBS), Reactive arthritis

• 320-fold increased risk for GBS in month after 
hospitalization for campylobacteriosis 

Source:  Baker, Emerg Infect Dis. 2012; 18: 226-33

Waterborne Outbreaks 
Consequences

• Economic costs:  $21.0M 
($12.4M household 
inconvenience (boiling water, 
buying bottled water, taking time 
off normal activities) $4.1M local 
government costs, $2.5M health-
related costs.

Source: Sapere Research Group Ltd, Sep 2017

• Loss of confidence in reticulated 
water & switch to less sustainable 
options eg bottle water

• Damage to NZ image & tourism 
sector
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Implications for prevention & control
Strengthening collaboration

Population 
focus 

Ecological focus
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Conclusions / Challenges

• Contaminated freshwater in NZ is an important 
human health hazard 

• It increases the risk of enteric diseases, notably 
bacterial and protozoan pathogens

• Nutrients also affect health directly via nitrate 
toxicity & indirectly via growth of blue-green algae

• Increases vulnerability to emerging microbial 
hazards, eg VTEC/STEC, AMR 

• Increases risk of outbreaks with multiple associated 
harms
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Conclusions / Challenges 

Positive developments:
• Public & political support for improving freshwater 

quality

• Considerable science and policy expertise

• Increasing inter-sectoral and multi-disciplinary 
dialogue 


