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Abstract 

 

In this thesis I examine food safety regulation of production of poultry for the 

domestic market (Case Study 1) and, in less detail, the sale of New Zealand beef to the 

USA (Case Study 2).  Regulation brings both benefits and costs.  

New Zealand is in a unique position to examine both the costs and benefits of 

microbiological compliance programmes, because the Ministry of Agriculture and 

Forestry (MAF) runs industry-wide agreed microbiological programmes in which 

industry submits data in confidence to MAF.  Improvements to New Zealanders’ 

health can thus be measured and compared to the imposed costs of compliance. 

To view the improvements I examined three aspects: (1) the costs associated with the 

New Zealand disease burden; (2) the compliance cost for industry and regulator to 

implement the microbiological programmes; and (3) the export returns achieved by 

meeting market access compliance requirements. 

My research approach takes into account consumer health and is relevant to MAF 

Salmonella Strategy, Campylobacter Strategy and also to Treasury requirements for 

the regulatory impact analysis of such compliance programmes.  Furthermore it 

appears to be the first time in New Zealand that primary industry compliance costs 

have been assessed in relation to the beneficial health impacts of food safety 

regulation. 

My findings are that compliance costs were very low compared to the benefits 

delivered following implementation of the programmes.  However the cost data 

received from both industry and the regulator were less than complete, with partial 

costs only from some industry participants, and no specific cost breakdown from the 

regulator. 

In Case Study one I derived a Cost of Illness (COI) estimate for foodborne 

campylobacteriosis from three previous studies.  I applied Cost Benefit Analysis to 

this estimate, combined with the cost data supplied by industry and the regulator.  

The benefit:cost ratio was remarkable, showing a good return from the combined 
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efforts of industry and regulator in reduction of campylobacteriosis.  In dollar terms a 

gain of perhaps as much as $57.4 million annually.  A challenge for the future is a 

further reduction of the campylobacteriosis epidemic in New Zealand.   

In Case Study 2, the E. coli O157:H7 programme for New Zealand bulk manufactured 

beef and veal to retain access to the US market is assessed.  The compliance 

programme costs before and after new sampling requirements in 2008 are 

determined.  These sampling programme costs increased by 54% from 2007 to 2009, 

but greater costs to industry were the greater number of consignments delayed by 

false positive results.   However the returns to the New Zealand economy of access to 

the USA market for beef and veal far exceeds these costs.  Annual export returns from 

the USA market are of the order of 0.4% of GDP. 

In summary the two studies above demonstrate the high value to the New Zealand 

economy of investment in food safety compliance at primary industry level.  The 

costs involved are very low compared to health benefits from reduction of domestic 

foodborne disease, and increases in per capita income from retaining access to the 

USA market. 
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Chapter 1 Introduction 

 

The purpose of this thesis is to assess the costs of preventative measures applied by 

primary processors to reduce foodborne disease, and the resultant economic 

benefits. My aim is to (1) produce a current estimate of domestic burden of 

foodborne disease in poultry, (2) estimate the health benefits of poultry compliance 

programmes1, and (3) demonstrate the economic benefits compliance programmes 

deliver by maintaining market access2 for the beef industry. 

 In this chapter I introduce the consumer and global implications of foodborne 

disease, New Zealand agriculture and trade, the significance of compliance 

programmes to the New Zealand economy, the impact of regulations requiring 

compliance programmes, and the type of economic analysis I chose to conduct. 

Foodborne disease; the consumer and global implications 

In New Zealand, domestic poultry production output for the domestic market was 

valued at $850 million in 2010 (PIANZ information received February 2011), and in 

the year ended March 2009 meat and meat product manufacture (all red meat 

species, products and by-products, excluding pork, deer, ostrich and emu and 

poultry) contributed $2 billion to GDP (Statistics, "Components of Gross Domestic 

Product By Industry," 2011).  New Zealand exports very little poultry or pork.  The 

production of poultry supplies the New Zealand population with a relatively cheap 

source of animal protein.  It is also an efficient source of protein relative to the grain 

needed to grow the poultry birds. Beef by comparison is principally grass fed in New 

Zealand, and requires a proportionally larger area and food input for a corresponding 

protein output for human consumption.  Because of New Zealand’s climate, products 

derived from grass fed pasture farming underpin our economy. 

Both the poultry industry and beef industry must comply with regulatory food safety 

requirements; whether for domestic or export production.  This thesis adds to 

                                                        
1 “The intertwining of the health and profit matrix”  Geoff Fougere,  (Personal Communication, 2009), vol. 
2 Conversation with Dr. Mansour Samadpour, IEH INC, Seattle Washington, visiting NZFSA March 2009, 
Mansour Samadpour,  (Personal Communication, 2009), vol. 
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knowledge by reviewing the data associated with microbiological control in primary 

processing, and the impact of investment in compliance programmes by industry.  No 

amount of inspection or testing can substitute for robust hygienic practices by 

industry to reduce risk (Animal Products Act, 2010), (Calder and Tyson, 1999).   

Because beef and chicken are normally cooked prior to eating the burden of 

prevention of food borne disease rests mainly with consumers.  People need these 

products for nourishment and to maintain a healthy diet (Foundation, 2009-2012)3 

(Ministry of Health, 2003). Most consumers understand that if meat is stored, 

handled and cooked properly there should be no problem.  However some consumers 

remain unaware there is a risk to their health if they do not follow hygienic practices 

(Foundation, 2009-2012).  Many consumers are unaware of what microbial 

contamination is; microbes are not visible to the naked eye (Crutchfield et al., 1997, p. 

1). 

To protect consumers, foodborne diseases and industrial practices have been under 

scrutiny in New Zealand since the passing of the Abattoirs Act (1847), and the Stock 

Amendment Act (1898) which led to an export inspection system (Robinson, 2006). 

In the case of the USA the burgeoning growth of rail, refrigerated transport and 

centralised slaughterhouse and packaging operations in Chicago led to the Pure Food 

and Drug Act (1906) and the Meat Inspection Act (1906).  This followed public 

concern highlighted by Upton Sinclair (Sinclair, 1906) in which conditions in 

Chicago’s meat packing plants were graphically described “There was said to be two 

thousand dollars a week hush money from the tubercular steers alone, and as much 

again from the hogs which had died from cholera on the trains...” (p. 118).   Profit had 

overridden any moral obligations to protect public health.   

Food safety was propelled into the spotlight worldwide in the 1990’s with the 

emergence of ‘new’ food borne diseases, with potentially high mortality that had been 

little understood in the past.  In the USA in 1993 the E. coli O157 outbreak source was 

“Jack in the Box” chain burger patties, and in 1996 in Britain vCJD or ‘mad cow 

disease’ (a brain wasting disease in humans) was linked to consumption of beef 

infected with BSE (crossing the species barrier with meal made from diseased 

                                                        
3 As requested by examiners 
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animals being fed back to other animals, and then from beef to humans). The speed at 

which contaminated food products could be dispersed by trade to the consumer 

magnified the impact of these diseases.   

The trade in live animals, dressed carcasses and meat and bonemeal prepared from 

cattle infected by BSE posed a high risk of dispersing a brain wasting disease across 

the globe.  If the disease agent could be transmitted through food products the 

populations that could be exposed are enlarged from the initial local area to a wider 

world by trade(WHO, 2002).  For example the spread of E. coli O104:H7 (another E. 

coli with enterohaemorrhagic properties) in Germany and France in mid 2011 in 

sprouts from fenugreek seeds originally sourced in Egypt (CDC, "Investigation 

Update: Outbreak of Shiga toxin-producing E. coli O104 (STEC O104:H4) Infections 

Associated with Travel to Germany," 2011).  

In New Zealand the Animal Products Act (APA) 1999 was passed which placed the 

onus on the operator of a food manufacturing premises4, to produce safe and 

wholesome food, fit for purpose.   Legislation is proposed for a new Food Bill 

designed to replace the Food Act 1981 which will apply to businesses preparing, 

manufacturing, packing transporting, storing, displaying or serving food for sale 

(MAF, 2012)5.  The Food Bill is not a statute yet, so no regulatory requirements can be 

derived from it at present.  This thesis covers the impact of changes at primary 

industry level.  The regulatory programmes referred to in this thesis all come under 

the APA.   

Trade 

Overseas trade is a very important contributor to a country’s income, with potential 

to create wealth and investment in its citizens.   In New Zealand beef and bobby calf 

exports to the USA contribute a sizeable return to the economy with attendant 

benefits.  Export orientated economies such as New Zealand are expected to achieve 

significant outcomes for growth and equity (Blecker, 1999).  Business initiatives to 

work towards top order outcomes for the New Zealand red meat industry have been 

                                                        
4 In New Zealand meat and poultry industry terminology the one word ‘premises’ is accepted to 
describe either one establishment or many establishments. For example ‘This premises has met the 
current standards’. 
5 As requested by examiners. 
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outlined in 2011 in the Red Meat Sector Strategy (Deloitte, 2011).  The prospective 

increase in income creates wealth, and increases the potential for investment in 

human capital, for example through health or education spending.  

Food safety has been a global issue, from the introduction of refrigerated transport of 

meat from New Zealand to Britain at the end of the 19th century to prevent spoilage, 

to the development of port of entry inspections for New Zealand beef product 

entering the USA today.  Food safety for New Zealand export markets became even 

more pressing in the early 1970s following the imposition on New Zealand by the 

USA and EU of new meat industry standards to retain market access.  These were the 

USA Wholesome Meat Act of 1967 and the EU Third Country Veterinary Directive 

(3CVD) of 1972.  Major investment was undertaken by the New Zealand meat 

industry to bring meat premises up to standard by the early 1980s.   

The key issues for the New Zealand meat industry are firstly the importance of 

hygienic meat production and prevention of foodborne diseases; and secondly the 

maintenance of market access by meeting technical trade requirements (Animal 

Products Act, 2010).  The associated export earnings increase national income which 

potentially could be applied to improving the health of the population.   

At the GATT Uruguay Round in 1986 - 1993 reducing trade barriers for agricultural 

commodities was a central issue (Sanders et al., 2003).  The Round concluded in 1993 

with a signed agreement which was ratified by the USA in December 1994.  The USA 

and other countries established new global trading rules and established the World 

Trade Organisation (WTO) to replace GATT (Sanders et al., 2003). 

The WTO Doha Round, which began in 2001, aims to reduce trade barriers and trade 

distorting export and domestic agricultural subsidies.  Negotiations are continuing 

and agreement to conclude the Round is a long way off, as negotiating positions are 

poles apart for some major players.   Agriculture and non-agricultural market access 

are contentious issues. 

The three current aims of World Trade Organisation (WTO) since 2008 have been 

clearly summarised by Mr Naoshima of Japan in the 7th WTO Ministerial (Naoshima, 

2009): 
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(1) Monitoring trade policies to prevent a chain reaction of protectionism 

following the financial and economic crisis of 2008 (p. 3); 

(2) Administering the dispute settlements system (p. 3-4); 

(3) Multilateral negotiation to liberalise trade with the intention of finalising the 

Doha Round.  The aim is to bring the benefits of growth and development 

through trade liberalization to all 153 Members of the WTO.  This is to be 

achieved by removing tariff and non-tariff trade barriers, strengthening trade 

rules and reinforcing free trade (p. 4-6). 

Agreement for the Doha Round has been stalled because of disagreements between 

the dominant economic powers (USA and EU) and developing nations over 

agricultural policies and the levels of permissible tariffs. The USA has a long tradition 

of protectionism in its domestic programme of agricultural subsidies.  The USA 

disputes the contention that such subsidies give the USA an unfair advantage over 

their less heavily subsidised international competitors (Scaliger, 2009).  An example 

of the protectionist policies imposed on trading partners by the USA would be the E. 

coli O157 compliance programme.  I review this in Chapter 6  by  comparing the bulk 

manufacturing beef (and bobby veal) exports to USA of 2007 to those of 2009, 

following the ramping up in complexity of the E. coli O157 compliance programme in 

February 2008. 

In conclusion, the returns generated by open markets and free trade are important 

for each country to harness its natural resources, to enhance employment 

opportunities and generate higher national income.  For New Zealand the greatest 

natural resource is the land from which primary industry products can be harvested 

and sold abroad. 

A New Zealand standard 

The National Microbiological Database (NMD) microbiological programme, which is 

run by MAF, has been a New Zealand standard since 2005 for red meat and poultry 

defining: 

(1) Sampling protocols, including training of samplers; 

(2) Laboratory procedures, and; 
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(3) Review and responses to results. 

It standardises New Zealand official assurances to all overseas markets.  It permits 

companies to compare their microbiological performance against a national baseline. 

In 2011 NMD included programmes for bovine (adult cattle), bobby calves (young 

calves), caprine (goats), ostrich and emu (ratites), porcine (pigs), ovine (sheep and 

lamb) and poultry. 

Operators are responsible for implementing NMD testing at their premises and the 

laboratories they use must be MAF Laboratory Approval Scheme (LAS) approved for 

NMD testing.  Laboratories are responsible for training and review of samplers.  

Results are reported to the operator and to MAF NMD Administration to add to the 

national profiles.  Operators need to review and respond to their results on a weekly 

basis. 

For bovine and bobby calves NMD involves sampling carcasses, cuts and bulk product 

using standard sampling techniques.  The samples must be taken once a week every 

processing week and analysed for Aerobic Plate Count (APC) and Escherichia coli (E. 

coli).   In addition to this, Salmonella sampling and analysis is conducted seasonally.  

The season commences in October (or earlier for bobby calves if processing 

commences earlier than October) of each calendar year (MAF, Schedule 1 National 

Microbiological Database Programme, 2011), when salmonellosis incidence in stock is 

expected to be the greatest (Hathaway, Davies and Ashby, 2004, p. 26).  For poultry, 

carcasses are sampled using whole carcass rinsing procedures and tested for E. coli 

and Salmonella.  Campylobacter sampling and analysis was added in 2007 (which I 

will go into further detail in Chapter 5). 

The operator must review results each week to determine if limits have been 

breached or pathogens detected.  If limits are breached the MAF Verification Agency 

verifier must be immediately informed, and the operator must review the process 

and implement responses. 

From results inputted to NMD statistical process control (SPC) charts for each 

species, trend analysis graphs against the 80th percentile of the previous season’s 

results, are generated to be reviewed each week.  In addition to this, for bovine and 

bobby calf, E. coli moving window M-alerts based on the 98th percentile, and m-alerts 
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based on the 80th percentile of national data are generated each week.  The 

Salmonella performance standard aims for the absence of Salmonella, and when 

detected escalating responses are required to identify causative factors and 

implement corrective actions.  National profiles for each species are published 

quarterly.  In addition to the quarterly report each operator receives a ranked list for 

each species they process, which includes all participants’ percentage of results 

scored above the national 80th percentile, but only their premises is named, to 

preserve the confidentiality of other participants’ identities.  This is a win-win 

situation, encouraging best performance and commercial advantage, as well as 

meeting regulatory intent (Duncan, 2011). 

For beef and bobby calves the E. coli O157 programme is an additional specific 

market access testing requirement for the USA, over and above the New Zealand 

standard NMD testing.  Both the NMD and E. coli O157 programmes are paid for by 

the primary industry operators.  The operator pays for implementing the NMD and E. 

coli O157 programmes on-site and pays the costs of the laboratory testing. 

Significance of compliance programmes to the New Zealand economy 

The application of the E. coli O157 and the NMD programmes by the NZ beef industry 

permits continued access to the USA market and the EU market.  Furthermore, by 

virtue of equivalence with the USA and EU testing requirements by New Zealand, the 

door is opened to other markets for New Zealand beef product.  The market returns 

of beef product to New Zealand were $651m (165,126 tonnes) in 2007 growing to 

$715m (163,851 tonnes) in 2009 (Statistics New Zealand, Overseas Merchandise 

Trade).  Thus there is a clear imperative for compliance programmes to secure 

market access.  Forty one of the 49 (85%) beef and/or bobby calf premises in New 

Zealand (2009) with Risk Management Programmes under the APA 1999 had USA 

market access listing.  And 80% of all beef products produced in New Zealand were 

exported, with over 50% (by volume) exported to the USA for further processing, 

(Deloitte, 2011, p. 17). 

The above highlights the importance of the red meat primary industry export trade to 

the New Zealand economy; in comparison the poultry industry supplies the domestic 

market.    
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The poultry industry; supplying the domestic market6 

Poultry is a low cost protein source and has become the most popular meat type 

consumed in New Zealand since 2001.  Poultry is an excellent source of lean protein, 

with a lower proportion of saturated fat than other meat types.  It is rich in vitamins 

and minerals.   In 2009 136,728 tonnes of poultry meat were consumed by New 

Zealanders, or 35.8% of total meat consumption.  The remainder was beef and veal 

(31.2%), pig meat (22.3%), lamb (7.8%) and mutton (2.8%). 

There were 170 chicken growers in New Zealand in 2010, located mainly in the 

Auckland, Waikato, Karaka, Taranaki, Manawatu and Canterbury regions.  The value 

of poultry industry output in 2010 was estimated to be $850m. 

As chicken production increased to meet growing demand through the 1990’s, the 

demand was for chilled product, rather than frozen, resulting in an increase in the 

proportion of chilled product, while frozen product remained relatively constant.  

The ratio of fresh to frozen chicken was 2:1 in 1996, and has remained at about 4:1 

since 2005 (see Figure 1). 

 

Figure 1: Quarterly broiler chicken production: March 1996 to December 2010 

In 2010, 144,000 tonnes of chicken meat were produced in New Zealand, 

representing a 78% increase from 1996 until the peak in 2005, and subsequently 

                                                        
6 From information supplied by email from PIANZ 19/2/2011 
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decreasing by 6.8%.   Annual production has remained relatively constant from 2006 

to 2010 at an average of 143,439 tonnes (PIANZ data).  There is a ban on importing 

raw chicken for biosecurity reasons, as imported raw poultry product may contain 

avian diseases, including Newcastle’s disease, highly pathogenic avian influenza (bird 

flu) and infectious bursal disease (IBD, that are not currently present in New Zealand 

(NZFSA, 2011). 

Thus poultry supplied for New Zealand consumers is principally sourced from the 

New Zealand poultry industry.  By the early 2000’s poultry product was being 

identified as a major source of campylobacteriosis in New Zealand.   This contagious 

gastrointestinal illness became a notifiable disease in New Zealand from 1980 (Baker, 

Sneyd and Wilson, 2007, p. 163).  The reason why campylobacteriosis was not 

classified as a notifiable disease earlier than this date was that the causative 

organism was difficult to identify or associate with human illness.  Campylobacter 

jejuni hadn’t been understood as a cause of gastroenteritis until 1957.  It wasn’t until 

laboratory methods to isolate this organism became more sophisticated by 1972 that 

the recognition of Campylobacter jejuni as a common agent of intestinal infections 

could be appreciated (Allos, 2001).  

 Campylobacteriosis notifications in New Zealand increased steadily from 1980 - 

2003 and were examined to determine if it was real as opposed to a surveillance 

artefact (Baker, Sneyd and Wilson, 2007, Figure 1, p. 164). It was unclear what the 

likely causes of the increasing rate were.  The improvements in laboratory 

methodology didn’t appear to account for it.  Increases in climatic temperature in 

New Zealand across the two decades, poor hygienic practices in food outlets and by 

the public in general, and waterborne sources had been investigated as possible 

contributing factors (Baker, Sneyd and Wilson, 2007, p. 166).  

A high proportion of poultry product at retail was known to be contaminated by 

Campylobacter but proper cooking practices and care in handling were thought to be 

adequate measures to deal with this (Baker, Sneyd and Wilson, 2007, p. 166).  By the 

late 1990’s and early 2000 independent research determined that a significant 

foodborne source of Campylobacter could be poultry.  Further research supported 

this (Mullner et al., 2009).  In 2007 the New Zealand Medical Journal referred to ‘ a 
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substantially foodborne epidemic of Campylobacter infection’ and updated on New 

Zealand’s largest ’common source outbreak’ (Baker, Wilson and Edwards, 2007).   

In 2006 the Campylobacter epidemic in New Zealand was associated with the 

increase in fresh chicken product (Wilson et al., 2006), (Baker et al., 2006).  My 

thoughts are the increasing ratio of fresh to frozen product (Baker et al., 2006, Figure 

2) may not have been a causative factor.  The simple increase in the proportion of 

chicken in the New Zealand food basket and unknown virulence and environmental 

factors related to the particular Campylobacter jejuni serotype affecting New Zealand 

may be more relevant.   

The organism of concern in New Zealand is Campylobacter jejuni  ST474 (Mullner, 

Shadbolt et al., 2010, p. 1374) ; meaning a multi locus sequence type (MLST).  The 

particular sequence type is very rare internationally having been recorded in only 

one other country, the Czech Republic  (Mullner, Collins-Emerson et al., 2010) and 

could be implicated in the persistence of infection in flocks and high incidence in 

humans in New Zealand  (Mullner, Shadbolt et al., 2010, p. 1380). 

Economic benefits have occurred following the application of microbiological 

compliance programmes by the poultry industry.  The National Microbiological 

Database (NMD) compliance programme was adopted by the poultry industry in 

2001; and extended in 2007 to include Campylobacter.  This led to a series of 

interventions which resulted in reductions in both Salmonella and Campylobacter 

prevalence in poultry product in New Zealand.  

Regulatory impact statement 

The issue of the cost of foodborne disease has been under consideration since 2008.  

The government had asked NZFSA what the benefits of regulation were.  NZFSA had 

replied the benefit was management of the risk to human health.  This is currently 

measured by comparing the current disease incidence with that following the 

application of a national programme (with no consideration of industry intervention 

costs).   If there was a reduction in disease incidence, then the programme was 

considered successful (NZFSA, "Campylobacter Risk Management Strategy 2008 - 

2011," 2008).   
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The government requested an estimate of the cost of control measures against 

expected benefits. NZFSA referred to the most recent estimate of the cost of 

foodborne disease for New Zealand which was that of  Scott (Scott et al., 2000), based 

on data for 1999.  In 2009 further research, additional to that of Cressey and Lake 

(Cressey and Lake, 2008) undertaken as an NZFSA science project , was 

commissioned to gain a more recent estimate and this was completed in November 

2010 (Gadiel, 2010). 

From a conversation in early 2010 with Bruce Burdon of NZFSA Policy; the 

government wanted to know from NZFSA which sectors were currently rated as High, 

Medium or Low risk and what improvement could be expected by regulation. 

Identification of the full range of impact involves costs, benefits, economic, fiscal, 

compliance, social, environmental and cultural considerations.  To consider such 

issues, a Regulatory Impact Analysis will need to be undertaken (The Treasury, 

2009).  My thoughts are that it is likely this would require a new approach in addition 

to the Risk Management Strategy, in order to quantify health impact.  Such 

Regulatory Impact Statements require information on both the costs of interventions, 

and their economic benefit.  This thesis will consider some of that information. 

Importance of reviewing costs and benefits 

There are many avenues by which food safety can be compromised (Abelson, Potter 

Forbes and Hall, 2006).  Similarly there are many avenues by which food can be 

processed and prepared to minimise microbiological hazards.   Many authors are 

concerned with the costs of disease, including outbreaks, rather than the value of 

preventative measures to reduce disease.  Microbiological compliance programmes 

essentially measure the effectiveness of hygienic practices applied to reduce 

contamination at the primary processing stage.  The application of these 

microbiological compliance programmes has not previously been examined in the 

context of the market access and the domestic health benefits that they offer to the 

New Zealand economy.   

Policy makers can use Cost of Illness (COI) estimates of foodborne disease to rank the 

risks, focus policy and prioritise spending. COI estimates will include assumptions on 

disease incidence, severity of illness, medical care costs, and lost productivity (Golan, 
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2003).  It is equally important for policy makers to consider the costs of regulatory 

interventions or market access driven programmes applied by industry. 

To analyse the contribution of the regulatory interventions a cost benefit analysis 

(CBA) can be undertaken.   CBA can assist policy makers in prioritising health issues 

particularly with slow evolving epidemics such as Campylobacter in NZ (Baker, 

2010), or emerging diseases such as E. coli O157.  The Campylobacter epidemic in NZ 

received less attention than it warranted as there was a public,  scientific and 

government policy perception that the disease was ‘endemic’ (Mullner, Shadbolt et 

al., 2010, p. 1329), a natural part of poultry final product (Bates, Hiett and Stern, 

2004, p. 140), (Fraser et al., 2010, p. e109).  Case control studies, contamination 

studies, risk modelling studies and literature reviews were not sufficient to sway 

earlier action to support interventions by industry and government to reduce levels 

in Campylobacter in that poultry final product. 

Economic analysis 

To view both improvements to New Zealanders’ health by the reduction in microbial 

contaminants entering the market and the gains to the New Zealand GDP by meeting 

market access requirements I visualise a three dimensional interaction of (1) the 

health costs associated with disease burden, (2) the compliance cost for industry plus 

the regulator to implement the microbiological programme and (3) the export 

returns from meeting market access compliance requirements. 

I employ a Cost Benefit Analysis (CBA).  New spending on programmes such as health 

compliance measures are expected to result in a net increase in national welfare.   

CBA is an economic assessment tool which quantifies all costs and benefits in 

monetary terms.  Discounting allows future net benefits to be expressed in today’s 

dollars (The Treasury, 2005). 

An alternative procedure often used in health economics makes use of the concepts of 

Quality Adjusted Life Years (QALY) or Disability Adjusted Life Years (DALY).  The 

QALY metric measures the gains in quality adjusted life years.  These are used to 

carry out a cost effectiveness analysis (CEA) or a cost utility analysis (CUA) giving 

results in terms of dollar per DALY averted or dollar per QALY gained.  DALYs are 

used to measure reduction in of the burden of disease (Drummond et al., 2005), 
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(Kemmeren et al., 2006, p. 27). I do not use QALYs or DALYs as in this thesis I am 

concerned with direct reduction of disease from a preventative activity undertaken at 

primary industry level.  I am comparing industry investment cost and associated 

regulatory investment with an outcome of reduction in the health burden.  To 

undertake this comparison this thesis takes the original 2007 dollar value estimated 

for the burden of foodborne disease and scales it down by the percentage reduction 

in incidence. 

The advantage of using CBA is that it can assess whether a programme is worthwhile, 

by analysing the costs and benefits directly associated with the programme.  From 

this, an assessment can be made as to whether a budget should be expanded to 

accommodate a new programme.  A CBA can also help risk managers identify and 

modify policies to increase net benefits.  The key assumption in this application is 

that the compliance programme reduces pathogen contamination and subsequent 

illness. 

The export returns from meeting market access requirements will be reviewed by 

comparing gains to GDP against the cost of the compliance programme and losses 

associated with it.  Data on costs of imposing stricter measures are given later.  The 

benefits cannot be precisely measured, but are approximately estimated by the GDP 

contribution of retained market access. 
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Chapter 2 Background to the compliance programmes  

 

In this chapter I outline the history of the regulatory microbiological programmes 

applied for meat and poultry primary processing in New Zealand.  I begin by outlining 

the application of the NMD programme for both red meat and poultry, and the 

introduction of the market access requirement of E. coli O157:H7 testing for beef and 

bobby veal to the USA.  I then describe the inclusion of Campylobacter in the poultry 

NMD programme in 2007, followed by regulatory limits for Campylobacter in 2008. 

Regulatory microbiological programmes in New Zealand 

Regulatory programmes were forged under the pressure of market access 

requirements.  During the 1960s and 1970s new hygiene standards were required by 

the EU and USA.  In 1967 the US Wholesome Meat Act included the concept of 

industries undertaking processes equivalent to the federal rules, which were also 

expected of importing countries meat industry practices (Johnson, 1967).  Thus the 

term ‘equivalence’ was born.  In 1972 the EU Third Country Veterinary Directive 

ushered in a broad depth of detail in terms of building standards, veterinary 

supervision and hygienic practices (EEC, 1972), (Calder and Tyson, 1999, Chapter 

four).  The terms of the ‘3CVD’ as it is known were referred to in the GATT rounds 

and Sanitary and Phytosanitary (SPS)7 agreement in the 1990’s (Calder and Tyson, 

1999, p. 266) and early into the new millennium as summarised by Arvanitoyannis, 

Choreftaki and Tserkezou in ‘An update of EU legislation (Directives and Regulations) 

on food-related issues (Safety, Hygiene, Packaging,Technology, GMOs, Additives, 

Radiation, Labelling): presentation and comments’(Arvanitoyannis, Choreftaki and 

Tserkezou, 2005, pp 1095 and 1098). 

 
In the early 1990s a formal laboratory approval programme the Meat Industry 

Laboratory Approval Ltd (MILAB) was developed by the Meat Industry Association 

(MIA).  It was owned by the industry body and cost recovered by administrative fees 

                                                        
7 The World Trade Organisation Agreement on the Application of Sanitary and Phytosanitary Measures 
(the SPS Agreement) of 1995 sets out the basic rules for food safety and animal and plant health 
standards.  It allows countries to set their own standards based on appropriate assessment of risks 
WTO, "Sanitary and Phytosanitary Measures: Introduction, Understanding the Wto Agreement on Sanitary and 
Phytosanitary Measures,"   (1998),  <https://www.wto.org/english/tratop_e/sps_e/spsund_e.htm>. 
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imposed on the participating laboratories. In 1999 the laboratory approval 

programme was relinquished by the MIA and agreed to be managed by MAF Food 

under the Animal Products Act 1999 to improve market access.  Administration of 

MILAB has been undertaken by this government regulatory body since then.  It is 

now known as the Laboratory Approval Scheme (LAS) 8(Calder and Tyson, 1999). 

During the 1990s there was a growing realisation by operators of meat industry 

premises that microbiological issues could be identified in Hazard Analysis of Critical 

Control Points (HACCP) and responded to by good management practices to reduce 

Salmonella, other foodborne pathogens and product spoilage, thus assuring the 

consumer of a first class product at point of sale.  This was a major change, moving 

away from reliance on inspection, to operator responsibility for hygienic 

management of the process.  Compliance programmes, which the operator is bound 

by law to undertake, were introduced into meat industry practice to facilitate the 

transition of responsibility from the inspector to the operator.  This change had first 

been mooted in 1995 in response to the Megareg/USA (USDA Pathogen Reduction; 

Hazard Analysis and Critical Control Point (HACCP) Systems, Final Rule) (USDA, 

1996), with the National Microbiological Database introduced in 1997 for mutton, 

lamb and beef primary processing (Calder and Tyson, 1999). 

Agreed microbiological compliance programmes are applied for both market access 

and domestic purposes.  This avoids two sets of microbiological standards being 

applied which would double industry costs.  Microbiological programmes for process 

control are applied by premises with Risk Management Programmes (RMPs) under 

the Animal Products Act 1999 to reduce microbial contaminants in the final product. 

It would be completely impractical in an industrial process setting to attempt to 

differentiate carcasses and apply different microbiological compliance programmes 

based on the final destination of the product.  The final destination of particular 

carcasses can only be known after grading and further processing.  This approach 

                                                        
8 http://www.foodsafety.govt.nz/industry/general/labs-recognised-persons-agencies/las.htm 

 

http://www.foodsafety.govt.nz/industry/general/labs-recognised-persons-agencies/las.htm
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also ensures a common standard of hygienic process control is applicable to all 

products, thus respecting and safeguarding all consumers. 

The industry agreed microbiological programme for microbiological process control 

is the National Microbiological Database programme.  This has operated since 1997 

for beef to meet market access requirements to the USA and for use domestically by 

specification under the Animal Products Act 1999 since April 2005.  Since 2005, all 

beef premises in New Zealand have utilised NMD for Risk Management Programme 

(RMP) and market access purposes.  Application of the NMD compliance programme 

is required for market access to the USA and EU, and other markets requiring 

comparable standards. 

The poultry industry approached MAF Food in 2001 to develop NMD to suit their 

industry practices after observing how useful NMD was in effecting a common 

standard across an industry group.  Poultry NMD initially required generic E. coli and 

Salmonella testing.  Following the rise in Campylobacter cases in New Zealand, in 

2006 NZFSA moved to incorporate Campylobacter testing in the NMD programme.  

This required the development of an enumeration method for Campylobacter that 

could be applied by a routine laboratory.  By March 2007 the NMD, from its initial 

market access driver in 1997 had been adapted to meet a particular public health 

need in New Zealand. 

In 1998 an additional end-product pathogen testing programme for bulk 

manufacturing beef was required for market access to the USA; testing for E. coli 

O157:H7.  Each bulk meat consignment destined for the USA needed certification as 

free from ‘adulteration’ by this particular shiga toxin producing E. coli (STEC).  This 

testing, additional to NMD, was applied at the bulk further processing stage of 

production.  The beef industry sought assistance from MAF Food as it was then to 

develop a single programme for all USA listed beef premises to apply to meet the new 

USA market access requirement.  The E. coli O157:H7 testing programme agreed 

upon was utilised from 1998 until the beginning of 2008.   

At the end of 2007 the USA required more extensive testing for all suppliers of beef 

which meant New Zealand increasing the sampling intensity from a random selection 

of 5 cartons per consignment to 12 cartons per consignment.  The sampling criteria 
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became more complex and the analysis was amended.  This was followed by research 

in New Zealand in late 2009 indicating that screen testing as had been used since 

1998 was not as reliable as molecular microbiological methods (Mills et al., 2009). 

The new methodology was implemented from November 2009 in the form of a DNA 

based rapid test for E. coli O157:H7 called Assurance GDS9 meaning ‘Genetic 

Detection System’. 

Background of E. coli O157 market access programme 

In response to the 1993 outbreak of E. coli O157 in the USA linked to consumption of 

undercooked ground beef (hamburger patties), the FSIS developed the Pathogen 

Reduction/HACCP final rule which was published on July 25, 1996.  On September 19, 

1996 the FSIS sent a cable to all exporting countries to invite their representatives to 

two public meetings to open discussion on how this would be implemented.  A public 

hearing on equivalence of foreign inspection systems was undertaken as well.  The 

public meetings were conducted in October 1996.  In May 1997 the FSIS held a one 

day meeting to discuss the process the FSIS was using to ensure exporting countries 

were adequately complying with the Sanitary Standard Operating Procedures (SSOP) 

and the required E. coli O157 sampling and testing programme (FSIS and USDA, 

1999) .  

The MIA immediately sought MAF Food assistance in developing an industry agreed 

programme.  This was published by the Meat Industry Standards Council (MISC).  In 

1998 in New Zealand an additional end product testing programme for bulk 

manufacturing beef began to be undertaken for market access to the USA.  Each bulk 

meat consignment destined to the USA needed certification as free from ‘adulteration’ 

from E. coli O157.  The incidence of disease from E. coli O157 in New Zealand is very 

low (despite the severity of outcomes in some of those cases) and no case in New 

Zealand has been attributed to the consumption of meat (Dufour, 2011).  The New 

Zealand levels of E. coli O157 in 2009 were 1.1% of total foodborne disease 

notifications and in 1998 were lower at 0.32%10 (see Figure 2).  

As early as 1998, when the E. coli O157 programme was first introduced to meet the 

market access requirements, equivalence was sought by New Zealand to avoid 

                                                        
9 Trademark of BioControl Systems, Inc. 
10 from http://www.nzpho.org.nz/NotifiableDisease.aspx 

http://www.nzpho.org.nz/NotifiableDisease.aspx
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replicating the detail of the USA procedures designed for USA conditions.  The USA 

then determined in November 1999 that E. coli O157 was ‘reasonably likely to occur’ 

in the USA.  The organism was not as rare as first thought.  New Zealand submitted in 

December 2002 that the New Zealand situation justified a case for designation as 

‘reasonably unlikely to occur’ for New Zealand adult beef and bobby veal.  This 

submission included a Risk Profile conducted by ESR in August 2002 (Lake, Hudson 

and Cressey, 2002).  On 11 February, 2003 New Zealand was granted ‘reasonably 

unlikely to occur’ status for beef and bobby veal with the proviso that this was 

determined by each USA listed premises. 

It may be relevant to the regulator and the meat industry to take into account the 

gradually increasing incidence of Verocytotoxigenic Escherichia coli /Shiga-toxin 

producing E. coli (VTEC/STEC) disease in New Zealand.  This has not been attributed 

to consumption of meat, but may be connected to environmental factors related to 

primary industry. 

 

Figure 2:  E. coli O157 notifications since 1998 when the E. coli O157 market access compliance 
programme commenced 

National Microbiological database (NMD) and Campylobacter Strategy 

The Campylobacter Strategy developed from the NZFSA Statement of Intent of 2007 

included risk assessments of Campylobacter in broiler chickens (NZFSA, "Statement 

of Intent 2007," 2007).  An enumeration method suitable for NMD purposes was 
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developed by the regulator11 (NZFSA, "Schedule 1 National Microbiological Database 

Programme," 2007).  By March 2007 the poultry broiler NMD Campylobacter 

programme was underway to evaluate the effectiveness of hygienic slaughter and 

dressing procedures.  The manner in which Campylobacter is introduced into a 

broiler shed is not well understood (Wong, 2009). Once present, the spread is rapid 

with infection rates often reaching 100 percent (Stern, Cox and Musgrove, 2001).  

The caecal contents can reach nearly 1010 colony forming units (CFU)/gram (Wong, 

2009).  The caeca is a blind sac at the end of the alimentary canal which is removed at 

the evisceration stage of the slaughter and dressing process.  Results from the first 

quarter of Poultry Campylobacter NMD (April to end of June 2007) indicated that 

70% of caeca in birds presented for slaughter and dressing and 57% of broiler 

carcasses at the end of slaughter and dressing were contaminated with 

Campylobacter (NZFSA, 2009, Figure 1, p. 6). 

Once the Poultry Campylobacter NMD programme had been underway for 6 months, 

and further data had been collated, the data were then evaluated by NZFSA, and 

limits were determined.  These limits were less stringent than those first proposed by 

industry.  If the proposed industry limits had been applied the regulatory responses 

generated would have closed down industry operations before giving the operator an 

opportunity to evaluate the process and implement corrective actions.  Instead limits 

were introduced to reduce the proportion of birds contaminated with high levels of 

Campylobacter.  This conclusion was drawn following application of the limits to the 

6 months NMD data available at the time.  Although there was no information of what 

constituted an infective dose, it was thought prudent to focus on reducing the 

number of highly contaminated carcasses entering the retail trade. In April 2008, 

regulatory responses (penalties) were required to be applied to premises upon 

breaching the Campylobacter Performance Targets (CPT) according to the level of the 

breach (TVNZ, 2008).   

The responses have been applied since April 2008 (NZFSA, "Schedule 1 National 

Microbiological Database," 2008) and are generated from the ratings accorded to the 

frequency that assigned limits are exceeded.  There are three CPT limits all derived 

                                                        
11 Copy of section 4.10 of NMD Notice 2007 Schedule 1 National Microbiological Database Programme 
available from MAF on request. 
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from the first 6 months data from March to end of October 2007: (a) a high count 

limit of 5.88 Log10 Colony Forming Units (CFU)/carcass derived from the 98th 

percentile; (b) a moving window limit of 3.78 Log10 CFU/carcass determined by 

analysing the impact of the limit on that 6 months initial data; and (c) a quarterly 

limit of 4.16 Log10 CFU/carcass derived from the 80th percentile.  A fourth limit of 

Campylobacter Management Plan failure is defined as failure by the operator to have 

an effective Campylobacter Management Plan demonstrated by continuous failures in 

other categories.   The moving window limit is called a “regulatory limit” as it is the 

principal limit used to determine compliance. 

A processing period is defined as 5 successive production days, of 3 samples per day, 

totalling 15 samples for a standard throughput premises.  For a VLT premises (very 

low throughput of less than one million birds per annum) a processing period covers 

one processing week of which 5 samples12 are taken on one randomly selected 

processing day of that week.   

A high count failure (HCF) occurs within one processing period when exceeding 5.88 

Log10 CFU/carcass four times or more (of 15 samples) for a standard throughput 

premises, or two times or more (of five samples) for a VLT premises.  A moving 

window failure occurs when exceeding 3.78 Log10 CFU/carcass seven times or more 

(of 45 samples) for standard throughput and three times or more (of 15 samples) for 

VLT premises over three processing periods. To create a real-time three processing 

period moving window the addition of samples at the latest processing period 

displaces the samples of the oldest processing period.  The quarterly limit is 

determined from each premises data over the 13 weeks of a quarter (regardless of 

how many weeks they processed).  If the median for a given premises exceeds the 

quarterly limit of 4.16 Log10 CFU/carcass it would indicate significant inconsistencies 

in management of Campylobacter risk. 

Campylobacter Performance Target (CPT) ratings are assigned according to the 

frequency and succession the HCF and MWF limits are exceeded.  Five responses are 

determined from the summing of successive ratings; the first HCF and/or MWF is 

accorded a response 1.  A rating of two = response 2, a rating of four = response 3, 

                                                        
12 Since July 2011 the sampling for VLT has been reduced to 3 carcasses per week. 
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rating of six = response 4 and a rating of eight = response 5.  The gaps between (2 ->4 

->6->8) permit a reasonable time period for the operator to receive and analyse the 

results from the original samples tested, assess risk factors and implement corrective 

actions.  For HCF three successive weeks of results below the HCF limit is needed to 

reset to zero. For MWF one clear moving window of three processing periods is 

needed to reset to zero.  Both factors must be reset to zero for a response to be 

cleared. 

All responses must be notified to MAF Verification Agency (VA) verifiers.  Response 1 

requires commencement of a review of the RMP, identification of any causative 

factors and corrective actions to address these factors.  Response 2 requires further 

review of the process, plus a review of the broiler flock farms referred to as Broiler 

Growing Biosecurity, plus equipment warrant of fitness checks by an independent 

party.  For Response 3, in addition to the above the operator must submit to MAF a 

Campylobacter Management Plan including actions as per responses 1 and 2, further 

sampling and research initiatives, a further intervention that can be introduced 

without delay and some form of product disposition (for example freezing or cooking 

of product) to substitute for fresh chicken derived from high count result production 

days going to retail. Response 4 entails a visit to the premises by the MAF 

Campylobacter Response Team to provide an independent review, and assist the 

operator to comply with an agreed Campylobacter Management Plan and implement 

effective actions to reduce the levels.  Response 5 entails revision of the agreed 

Campylobacter Management Plan, further interventions, product disposition, 

sampling and research initiatives.  If the measures taken prove ineffective to reduce 

poultry broiler carcass counts below the limits enough to reset, and product 

disposition is impractical, or poses a risk in itself the premises 13can be closed. 

  

                                                        
13 Copy of NMD Notice 2008, Schedule 1 Section 6.8 Campylobacter Performance Target (CPT) is 
available from MAF on request. 
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Chapter 3 Literature review 

 

In this chapter I identify a series of gaps in knowledge and then review existing 

studies on the cost of foodborne disease. I review general papers on the cost of ill 

health, the Friction Cost method for measuring indirect costs, and food safety and risk 

in global terms.   

Gaps in knowledge 

I have identified four major limitations: (1) limited data on the effect and practical 

implementation of hazard based control measures, (2) limited classification of 

disease impact, (3) limited knowledge of the reservoirs of disease and the principal 

source for human infection, and (4) difficulty in determining mortality associated 

with foodborne disease. 

There are limited data on the practical implementation of hazard based control 

measures and resultant benefits (if any).  Hazard based control measures14 are 

generally supported by compliance programmes, which have testing and inspection 

programmes associated with them.  Compliance programmes permit measurement of 

the effectiveness of any interventions, and form part of the verification of good 

hygienic practices in processing. 

Expert reports to FAO/WHO conclude that there are limited data quantifying and 

assessing commercial application of interventions at primary production level in the 

poultry industry.  The effects of interventions applied in a commercial setting on 

reducing the prevalence of contamination by Salmonella or Campylobacter on broiler 

carcasses have not been quantified (FAO/WHO, 2009).  There has been no validation 

of interventions, or any costing of such interventions, or quantifying of population 

health gains expected from them. 

Because of the difficulty in estimating the burden of foodborne illness the 

classification of disease impact is wanting.  The Campylobacter epidemic in New 

                                                        
14 Hazard Analysis and Critical Control Points (HACCP) is a process control system designed to identify 
and prevent microbial and other hazards in food production. It includes steps designed to prevent 
problems before they occur and to correct deviations as soon as they are detected FSIS, "Key Facts: 
The Seven Haccp Principles,"   (1998),  <http://www.fsis.usda.gov/oa/background/keyhaccp.htm>.   
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Zealand was not recognised to be as serious as it was, and even now that there has 

been a reduction in the disease burden, the prevalence is still well above that in other 

industrialised nations (Olsen et al., 2008, Figure 6, p. 169).  

The public health implications of Campylobacter have taken over a century to be 

accepted, partly because laboratory analysis of Campylobacter to identify it as a 

common human pathogen has been very difficult.  Selective growth media were not 

available for general laboratory usage until the 1970’s.  The control of bacteria on the 

farm and identification of measures to reduce microbiological contamination during 

slaughter and dressing has been limited due to commercial imperatives (Altekruse et 

al., 1999). 

 There is a gap in policy perceptions and delivery of information to the government 

due to lack of definition of cost of the disease burden and the costs to industry to 

undertake measures to reduce the disease burden.  There has been insufficient 

attention overall to the effect of disease prevention measures undertaken at primary 

industry level. The exception is where there has been the economic driver of market 

access, as in the case of E. coli O157. 

Estimations of the foodborne proportion of gastrointestinal illness are just that, in 

that they are not quantitative reviews of collated data, but are derived from expert 

elicitation.  The Canadian expert elicitation survey showed considerable variation 

between experts in their estimation of foodborne attributable proportions (Ravel et 

al., 2010).  This variation applied to Campylobacter, E. coli O157, L. monocytogenes, 

Salmonella, Vibrio and Yersinia enterocolitica.  The authors commented that in the 

absence of more reliable estimates, the observed discrepancy between experts must 

be explored before determining the preferred estimate.  This underscored the 

importance of development of databases and the need for data sharing. 

The general food safety advice provided by the regulator would be adequate in most 

circumstances, but would not be robust enough to reduce the risk of exposure from 

handling fresh chicken product contaminated with high levels of Campylobacter (up 

to 108 CFU per carcass by our limited means of enumeration), or effect reduction in 

cross contamination in the kitchen (Humphrey et al., 2001). ‘Clean, cook, cover and 

chill’ was the message delivered to the public.   Cleaning is ineffective against 
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Campylobacter unless chlorine bleach is used. Cooking is very effective, but doesn’t 

prevent cross contamination.  Covering only provides temporary protection from 

cross contamination. Chilling is ineffective as Campylobacter survive happily in the 

fridge.  As a consequence the type of consumer advice which would be effective for 

some foodborne pathogens, was essentially inadequate for Campylobacter (Baker, 

2010). 

There is limited knowledge of reservoirs of foodborne disease in general and the 

principal sources for human infection.  For both Campylobacter and E. coli O157 the 

reservoirs in the environment are not fully understood.  Understanding of the 

environmental vectors and farm practices which cause flocks to be infected by 

Campylobacter is limited.  The poultry industry could not be taken to task until source 

attribution studies undertaken at Massey University (funded by NZFSA) using 

analysis and comparison of Campylobacter genome/taxonomy revealed chicken was 

the main source of infection (Mullner et al., 2007).  E. coli O157, by comparison, is 

nowhere near epidemic proportions in New Zealand.  Those environmental issues 

and farm practices known to be related to increased Campylobacter risk will be 

associated with other enteric diseases in general (Lake, Horn and Ball, 2011, p. vi, p. 

2), thus  will be relevant to E. coli O157 and non-O157 STEC risk. 

Data sources which present estimates of mortality associated with specific foodborne 

diseases are very limited.  I provide the following selected examples from the UK and 

USA to illustrate the magnitude of the mortality rates of foodborne disease:   

In the UK deaths from Campylobacter infection are rare, with the cost to the UK 

economy of over £500m being a result of the large number of Campylobacter jejuni 

cases; estimated to be over 400,000 cases per year (BBRSC, 2011). 

The Consumer Federation of America reported (Consumer Federation of America, 

2011) the US Centre for Disease Control and Prevention figures for shiga toxin 

producing E. coli O157:H7 as responsible for 63,153 cases of foodborne illness and 20 

deaths each year in the USA (Scallan, Hoekstra et al., 2011, Table 2, p. 16) implying a 

mortality rate of 0.03%.  This highlights that the main economic burden of foodborne 

disease is likely to be lost productivity due to absence from work, rather than 

mortality or disease complications. 
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Current estimate of the cost of foodborne disease in New Zealand 

It is important to examine the economic impact of foodborne disease and the 

measures taken to reduce that burden.  For this the cost of foodborne disease needs 

to be estimated; this is not an easy task. 

To begin with, the burden of foodborne disease globally is not known. It is expected 

to be underestimated due to under-reporting and diseases caused by unspecified 

agents.  E. coli O157 and Campylobacter are two examples of diseases that were not 

associated with food as a vector until the early 1990s or 1980s respectively (Scallan, 

Griffin et al., 2011).  More disease agents are waiting to be revealed.  The WHO uses 

active surveillance and field studies to describe the disease burden more accurately.  

WHO’s aim is to use the burden of foodborne disease estimates for cost-effectiveness 

analyses of prevention, intervention and control measures (WHO, 2010). 

The prevalence of diseases will vary across countries.  The new estimates for USA 

from Emerging Infectious Diseases (Scallan, Hoekstra et al., 2011) demonstrate that  

58% of foodborne illnesses were caused by norovirus15 (CDC, "Norovirus Technical 

Fact Sheet," 2011), 11% by nontyphoidal Salmonella spp, 10% by Clostridium 

perfringens and Campylobacter spp. 9%.   

From New Zealand monthly notifiable disease surveillance report for 2009, and using 

norovirus figures from the Annual Summary of Outbreaks in New Zealand 2009, 

norovirus tops the list at 45%, with Campylobacter second at 40%, Salmonellosis 7% 

and Gastroenteritis (includes Clostridium perfringens) 4%; a different ranking of 

diseases to that in USA. 

 

 

 

 

 

                                                        
15 Also known as SRSV, small round structured viruses referred to by Scott et al. and called norovirus 
by Cressey and Lake and Gadiel later in this chapter.  Noroviruses can be transmitted by faecally 
contaminated food or water, plus by environmental and fomite (objects) contamination. 
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Table 1: Ranking of foodborne diseases in New Zealand by notification: 2009 

Foodborne disease Notified cases(all 

causes) in 2009 

Percentage of all  

Norovirus (from outbreak report) 7116 45.0% 

Campylobacteriosis 6287 39.8% 

Salmonellosis 1040 6.6% 

Gastroenteritis (common source or foodborne) 668 4.2% 

Yersiniosis 389 2.4% 

VTEC/STEC* 126 0.8% 

Shigella 115 0.7% 

Hepatitis A 42 0.3% 

Listeria 27 0.2% 

Clostridium perfringens Figures not reported separately, are included in Gastroenteritis 

figures 

TOTAL 15810 100% 

Source: http://www.surv.esr.cri.nz/surveillance/monthly_surveillance.php?we_objectID=2520 

*For purposes of comparison between cost estimates, and throughout this thesis, VTEC/STEC will be 

used to represent the EU and USA terminology for shiga toxin producing E. coli. 

Establishing the source attribution of specific disease types enables prioritisation to 

ensure the best focus and return for investment in public health. 

Burden of disease studies 

In this section I will review the three burden of disease studies for foodborne 

infectious disease in New Zealand namely: (Scott et al., 2000), (Cressey and Lake, 

2008), and (Gadiel, 2010). 

 

http://www.surv.esr.cri.nz/surveillance/monthly_surveillance.php?we_objectID=2520
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Economic cost to New Zealand of foodborne infectious disease (Scott et al., 2000)  

Scott et al. chose the following diseases, including bacterial illnesses caused by toxins, 

and two viral infections as the most likely to be of foodborne origin: 

campylobacteriosis, salmonellosis, shigellosis, yersiniosis, listeriosis, VTEC, Typhoid, 

illnesses caused by toxins produced by Clostridium perfringens, Bacillus species or 

Staphylococcus aureus, Hepatitis, and infection with small round structured viruses 

(SRSV).  

Scott et al. raised concern about the legitimacy of using overseas ratios of the costs as 

a proportion of GDP as had been used in the 1985 and 1990/91 estimates.  The paper 

by Scott et al. represented a step forward from the previous estimates in 1985 and 

1990/91 by using actual New Zealand costs.  

Public health costs of surveillance and control activities were excluded.  Any costs 

associated with preventative measures taken by the food industry were also 

excluded.  Scott et al. did not consider that such costs had any relationship to the 

incidence16 of foodborne disease.  

Scott et al. determined the total cost of foodborne disease in 1999 dollars at $55.1m, 

subdivided into the following health cost categories (1) direct medical costs $2.1m, 

(2) direct non-medical costs of $0.2m, (3) indirect costs of lost productivity of $48.1m 

and (4) intangible cost of loss of life of $4.7m.  Scott et al made no attempt to include 

the cost of long term sequelae resulting from the original infection.   In subsequent 

studies (Cressey and Lake, Gadiel) the cost of long term sequelae was included.  Lost 

productivity was the major component of all diseases.  Campylobacteriosis 

contributed $40.1m (72.9%). Throughout the paper the high cost of 

campylobacteriosis to New Zealand was emphasized. 

Sensitivity analyses were undertaken by Scott et al. to review the effect of reducing or 

increasing the days absent from work for campylobacteriosis depending on self 

treatment or GP consultation.  A $14.5m variation of total costs was generated by 

                                                        
16Throughout my thesis ‘incidence’ of foodborne disease refers to estimated total number of 
community cases or ‘incident cases’; this is calculated using a multiplier (specific for disease) times the 
notified cases.  
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plus or minus 2 days from the base case of 5 days highlighting the sensitivity of the 

estimates to the length of absence from work.   

Scott et al. determined that the major cost of foodborne disease was days lost from 

work or lost productivity, rather than intangibles (loss of life, or quality of life). The 

approach used by Scott et al. is commonly called the Human Capital method (HCM).  

This research by Scott et al. recommended resources be allocated for the prevention 

and control of foodborne disease, with a focus on reducing campylobacteriosis.  

Investment in reducing campylobacteriosis was not undertaken until 2006, and that 

investment was in preventative measures applied by industry. 

Risk ranking: estimates of the cost of foodborne disease for New Zealand  (Cressey and 

Lake, 2008) 

Cressey and Lake examined seven principal foodborne diseases, campyobacteriosis, 

salmonellosis, listeriosis (perinatal), listeriosis (acquired), STEC, yersiniosis and 

norovirus infection.   

They selected the Human Capital method although acknowledging that the Friction 

Cost method (see later) would produce much lower total estimates as lower values 

would be placed on productivity losses due to premature death or long periods of 

illness from complications.  Cressey and Lake stated their assumption that the 

principal outcome of foodborne disease is a short-lived bout of acute gastro-intestinal 

(AGI) illness. 

The cost of foodborne disease was estimated at $85m in 2005 dollars from actual and 

estimated disease cases for 2005, with campylobacteriosis at $74m (approximately 

90%) and STEC $1.6m.  The costs were made up of: (1) direct health care costs 

(DHC); (2) direct non-health costs (DNHC); and (3) indirect non-health care costs 

(INHC) which account for productivity losses due to disease. 

Cressey and Lake came to a similar conclusion as Scott et al., that 90% of the cost was 

due to absence from work for short periods of time, leading to significant lost 

productivity. 
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The economic cost of foodborne disease in New Zealand (Gadiel, 2010) 

Campylobacteriosis, salmonellosis, norovirus, yersiniosis, STEC and listeriosis were 

the six predominant foodborne diseases examined by Gadiel.  

This study is the only one of the three to determine the regulatory costs, and the costs 

borne by primary industry.  The costs to the government of the poultry strategy 

during 2009 are quoted as $950,000.  PIANZ had advised Gadiel of capital costs to the 

poultry industry of $1.76 million incurred covering new equipment, processes and 

procedures.  The estimated recurrent costs to industry during 2009-10 were 

reported to be $2.25 million.  

The total costs of foodborne illness in New Zealand were divided, by Gadiel, into the 

following five categories: (1) government costs; (2) business costs; (3) treatment 

costs; (4) output loss; and (5) residual private costs.  These total $162m in 2009 

dollars.  The treatment cost, output loss and residual private cost total $133m, to 

which campylobacteriosis contributes $36m, and STEC contributes $15m (Table 12, 

p. 30).   

This approach differs from the papers by Scott et al. and Cressey and Lake which used 

the Human Capital method to determine indirect cost.  Gadiel has applied Willingness 

to Pay (WTP) criteria to estimate component costs (4) and (5).   WTP is determined 

by the cost the consumer is prepared to pay to avoid incurring the illness.  This will 

escalate as the likelihood of pain and severity, and consequent reduction in quality of 

life, disability and mortality increases.  I go into more detail on WTP later in Chapter 

4.   However (4) output loss, is lost days of paid employment, a cost to the person. 

This is calculated separately from the total WTP which is derived by Gadiel from the 

value of a statistical life (VOSL).  The WTP in the case of foodborne disease is greater 

than the output loss indicating a residual private cost of illness (Table 11, p. 29), thus 

the WTP is represented by the sum of ‘(4) output loss’ and ‘(5) residual private costs’ 

in the final figures (Table 12, p. 30) of cost of illness. 

WTP has some drawbacks in application to foodborne illnesses as is outlined in a 

paper by Segel, J.E (Segel, 2006). Extensive surveys can be required to determine 

peoples’ willingness to pay preferences, the responses to which are limited by people 

only taking account of themselves and not understanding the wider societal benefit of 
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fewer people with communicable disease (externalities).  The benefit being that there 

will be a reduction in the spread of the disease.  For this reason WTP may not be the 

best approach to apply for a foodborne disease COI study (Segel, 2006, p. 15). 

Gadiel credited the reduced proportion of campylobacteriosis to the new regulatory 

environment since 2006 with the application of the Poultry Risk Management 

Strategy by the government agency NZFSA (now MAF).  Gadiel notes that although a 

considerable reduction in campylobacteriosis has occurred following the 

implementation of specific poultry industry measures to reduce contamination by 

Campylobacter on farm and in processing; a campylobacteriosis epidemic still exists 

in New Zealand.  Gadiel indicated that further measures by industry will need to be 

undertaken. 

In this paper norovirus was, like the USA rankings of foodborne disease mentioned 

earlier in this thesis, the highest contributor at $50m (38%), but Gadiel points out 

that the food component of norovirus is subject to significant error.  

Campylobacteriosis was recognized by Gadiel as the most costly foodborne disease, 

amounting to $36m or 27% of all disease-specific costs.  The cost of STEC, totaling 

$15m, was driven by the risk of rare and severe complications, and premature death.   

Gadiel noted the rise in proportion of STEC was due to significant downstream costs 

associated with end stage renal disease (ERSD) complication.  Cressey and Lake had 

noticed this in their sensitivity analysis of STEC. 

The major cost of foodborne disease in New Zealand as estimated by Gadiel, was that 

due to mortality from three of the six diseases studied (Table 10, p. 28).   Deaths were 

recorded from listeriosis, STEC and salmonellosis in the period of Gadiel’s study (p. 

27).  He acknowledged it is not possible to confirm that all deaths related to the 

diseases under study were caused by foodborne causes, yet mortality costs formed 

the greater part of the estimated cost of foodborne disease.   

Comparing estimates from the three papers 

In order to compare the COI estimates (for incident cases) from the three studies, I 

have converted to a common base of 2010 (4th quarter) constant dollars.  These 

results are summarised in Table 2 below. 
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Table 2: Estimates of the cost of foodborne disease (incident cases) converted to constant 2010 dollars17 

Study Original estimate 

$m 

Constant 2010 dollars 

$m 

Scott et al. (2000) $55m (1999) $75m 

Cressey and Lake (2008) $85m (2005) $101m 

Gadiel (2010) $133m (2009) $140m 

Average $105m 

 

Based on the average total annual costs of $105m, the implied cost per capita in New 

Zealand would be $NZ24.  The total annual cost of foodborne disease in Australia is 

estimated at $811m (Abelson, Potter Forbes and Hall, 2006 p. 28), corresponding to 

$NZ47 per capita. 

In making the Australian estimate the following parameters were considered by 

Abelson:  health care service costs, cost of surveillance and control of food borne 

illness covering laboratory testing, surveillance of specific infections and outbreak 

investigation.  The food regulatory system is mentioned, but the actual cost of 

implementation of regulatory requirements by industry and the impact of these 

initiatives is not. 

The cost of ill health (Holt, 2010) 

To look at health overall, at a higher level, I have reviewed this paper.  Holt quantifies 

the costs associated with ill health in New Zealand in terms of the value of hours lost 

as a percentage of GDP.  The costs include absenteeism and presenteeism (persons 

presenting at work despite having an illness).   

Holt demonstrates the concept of improved population health contributing to 

productivity and economic growth in a flow diagram with GDP at the centre.  

                                                        
17 The conversion to 2010 constant dollars was calculated using the Consumer Price Index.  
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Increased labour participation is shown to go hand in hand with improved 

population health leading to higher GDP per capita (Figure 1, p. 4). 

Persons who do show up at work when they are unwell create a heightened risk of 

injury or spreading infectious diseases.  They are likely to be less productive, 

resulting in lost output.  Holt estimates that 204.5 million hours are lost annually due 

to presenteeism; 5.4% of all hours worked equating to 2.7% of GDP (p. 31).   The total 

indirect costs of absenteeism, presenteeism, working fewer hours and resultant non-

participation in the workforce are $4.1 to $11.5 billion, 2.7 to 7.6% of GDP (p. 45). 

Holt points out that many studies focus on the direct costs, and do not estimate the 

indirect costs.  However studies that do include indirect cost estimates highlight that 

productivity losses associated with absenteeism and reduced on the job productivity 

by those presenting to work despite their sickness (presenteeism) may be much 

greater than direct costs. 

The information provided by Holt is valuable for estimating indirect costs of 

foodborne disease, for which the majority of illness is short term.  Note that I do not 

attempt to include productivity losses associated with presenteeism in my economic 

analysis.  I only take absenteeism into account. 

The friction cost method for measuring indirect costs of disease (Koopmanschap 

et al., 1993) 

Koopmanschap et al. criticise the predominantly used estimation method of indirect 

costs, the Human Capital method (HCM).  They raise concerns that indirect costs 

under HCM overestimates the actual production lost; whereas the actual production 

lost by worker absence due to illness is in fact likely to be considerably less. This 

seminal paper highlights the reasons why HCM overestimates, and the merits of 

considering other approaches. This view is supported in a recent 2009 paper finding 

that HCM may overestimate patient time costs compared to Willingness to Pay (Jonas 

et al., 2010). 

Koopmanschap et al. examine another approach to estimating indirect costs, the 

Friction Cost method (FCM).  This approach recognises that typically potential losses 

in a population are met by for example: additional overtime, or hiring replacement 
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workers.   Productivity losses are estimated in terms of the period of time it takes to 

replenish the labour force to restore full productivity, both in terms of hiring and 

experience, and labour reserves. The period of time between absence from work and 

replacement or return of the original worker to restore full productivity is called a 

friction period.  If unemployment is low it is more likely to take longer to hire.  But 

other factors, such as skill shortages, may extend the friction period even in times of 

high unemployment. 

As the friction costs are based around actual return to pre-illness production 

capability, the friction cost for diseases that cause mainly long-term disability and 

mortality will be much lower than estimates by HCM.  The key difference is that 

premature death of the employee while absent from work does not induce an 

additional friction period.   The friction period is about restoration of productivity (p. 

176 and Fig. 1. p. 177), thus the ‘potential’ of that worker is not extended out to 

include ‘years lost’ as it is with HCM.   

The authors expressly state that diseases with short term absences of less than one 

week, may not lead to indirect costs as work could easily be immediately covered for 

by remaining employees, or cancelled, postponed and made up for later.  However 

Koopmanschap et al. state the exact consequences of short-term absence from work 

on labour productivity need further investigation.  “…short-term absence may lead to 

production loss and/or extra costs to continue production, but the extent to which 

this occurs depends on various circumstances as discussed above.  Complete insight 

in the consequences of short-term absence for indirect costs requires more detailed 

study on the level of the firm.” (last paragraph, as translated, p. 177).   

The risk to the firm of presenteeism in the case of a contagious foodborne disease 

was not discussed by Koopmanschap et al.  Neither is presenteeism addressed in the 

estimation of cost of illness in this thesis, nor in any of the three previous cost of 

illness estimates examined (Scott et al., Cressey and Lake, or Gadiel). 

The assumption by Koopmanschap that at least half the short-term absence spells of 

less than one week (sensitivity analysis assumption in paragraph 2 of section 3.4, p. 

184) will not cause indirect costs may need to be rethought in the light of diseases 

that are in an epidemic state, such as campylobacteriosis in New Zealand.  During an 
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epidemic such as this where a large number of people are ill for short periods of time, 

the cumulative effect may lead to significant indirect costs. 

The Koopmanshap et al. study demonstrates the difficulty in estimating indirect costs 

for sickness in general.  This becomes evident in the case for campylobacteriosis, 

covered in Chapters 4 and 5. 

Food safety and risk governance in globalized markets (Hoffman and Harder, 

2010) 

Hoffman and Harder begin by discussing the consensus that a food safety system 

must be constructed using modern science and management practices.   Development 

of risk analysis as a regulatory paradigm is of such importance that it is referred to as 

the central intellectual framework for food safety policy reform around the world.  

The development of a strong international community of technical experts on food 

and food safety is essential.  

The authors refer to earlier studies to highlight the substantial increases in the rate of 

foodborne diseases from the 1970’s to 1990’s.  The authors point out that if 

economics and behavioural sciences are separated from risk assessment the result 

may be less accurate risk assessment.  They mention that factual development of 

scientific risk assessment must include commercial considerations. 

The authors describe “Risk-Based Industrial Process Management” improving upon 

the first-generation food safety policy which relied heavily on line inspection.  

However it is the invisible hazards, chemical and microbiological, that form the new 

challenge. 

Hoffman and Harder mention that the application of HACCP (Hazard Analysis of 

Critical Control Points) can prevent system failure, particularly in control of 

microbiological hazards.  HACCP is accepted by the consumer, but there are no 

enforceable standards in the USA to hold industry accountable for producing safe 

food.  The authors recommend that the scientific community engages in research to 

develop these standards. 

This article exposes the underlying weaknesses of a science based approach, but does 

not go as far as acknowledging the practical fact that the process of improving food 
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safety is run by the operator, not scientists.  A global consensus of risk-based, 

scientifically supported, integrated farm-to-fork policy is in danger of not accounting 

for the practicalities of industrial production scenarios and production schedules.  No 

suggestions were provided on how commercial realities could be factored in. 

Total quality management regimes in industry are not directly linked to science, 

although these regimes do incorporate observational scientific tools and statistical 

analysis.  Economic considerations will have a bearing on how operators can 

maintain good industrial practice, or just remain in business without letting 

standards slip. 

Use of CBA modelling for policy in USA (Roberts, 2006) 

Roberts discusses on pages 309 to 313 the value of the CBA undertaken by the FDA in 

the late 1990’s to prepare a case for the introduction of interventions by regulation to 

prevent  salmonellosis from eggs.  The FDA estimated the annual benefit from 

labelling cartons and refrigerating eggs (the interventions required by the rule) was 

in the order of $260m.   

The Federal Register Food labeling, safe handling statements, labeling of shell eggs; 

refrigeration of shell eggs held for retail distribution (Food and Drug Administration, 

2000) final rule, published in December 2000 (p. 309), generated costs as well as 

benefits.  The costs were those associated with purchasing/upgrading commercial 

refrigerators used in retail establishments, and the costs of including safe handling 

instructions on the label; a one time cost to design and change plates used to print 

labels on egg cartons.  There was also the continuing loss of consumer surplus 

because certain egg cooking practices, such as soft boiled, poached or other types of 

undercooked eggs (from paragraph 1 p. 313) would not be recommended.  This 

amounted to $56m in capital costs to industry in the first year and $10m in later 

years, including some increase in energy costs.   

The estimated costs were clearly much less than the estimated benefits.  Thus the 

FDA (a public health agency) was able to demonstrate how it could use information 

from a risk assessment analysis and CBA to design a regulation to mitigate an 

emerging public health problem (Roberts, 2006). 
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Chapter 4 Methods used for economic analysis 

 

In the European Policy Centre Policy dialogue of 21 June 2006, Catherine le Gates-

Camus, Assistant DG at the World Health Organisation said: “A healthy population is 

the most productive promoter of wealth and a sustainable society. Conversely, ill 

health is a key cause of poverty and poverty a main cause of illness “ (European 

Policy Centre, 2006).  Health and productivity go hand-in-hand. 

The efficient use of resources has a major impact on the welfare and living standards 

of citizens (Murray Sherwin, DG, MAF May 2010).    To determine the benefit gained 

per dollars worth of resources, both the costs and benefits of a regulatory 

intervention need to be measured and compared with one another.  

In this chapter I present a view of the three dimensional interaction of compliance, 

health benefits and contribution of industry earnings to GDP which shapes my 

approach to the economic analysis.  I describe the economic Cost Benefit Analysis 

that I apply for the case studies, and discuss the complexity involved in the 

estimation of indirect costs.   

Introduction 

The application of microbiological compliance programmes in New Zealand has two 

purposes: (1) to reduce the incidence of foodborne disease; and (2) to add value to 

the economy from export earnings by permitting market access.  Thus costs and 

benefits of this can be represented in three dimensions as in Figures 3 and 4. 
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Figure 3: Three dimensional design 
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This is a very useful design to ensure the value added by industry is factored in, and 

to view the impact of the private investment resulting in a public gain.   The three 

dimensional design assists in bringing into focus the value of preventative measures 

to reduce disease, and the fiscal impact of primary industry endeavors. 

Incremental cost effectiveness ratios (ICERs) of further interventions could be 

undertaken in future. The three Cost Effectiveness Planes indicate zones of best 

investment between three parameters; health costs associated with foodborne 

disease, industry investment and gross domestic product from export returns.  

Figures 3 and 4 demonstrate the interrelationship between health costs, primary 

industry interventions and GDP.  These three parameters combine to show 

interaction between the agricultural industry, health gains that can be made by 

practices in this area and the complexity of international bargaining for market 

access.  

Cost Benefit Analysis 

Cost-Benefit Analysis (CBA) is used in this thesis.  The advantage of using a CBA is 

that the economic effectiveness of interventions applied by industry to ensure 

compliance with the microbiological programmes can be determined.  Note that the 

values of industry and government expenditure have been adjusted in Case Study 1 to 

carry out the CBA in constant dollars of 2007.  GST (Goods and Services Tax) has not 

been included.  GST is a transfer payment, not an economic cost of a good or service 

to society.  Costs are therefore GST exclusive. 

Cost Benefit Analysis compares the costs and benefits of an investment, or other 

proposed intervention (such as regulatory constraints).  The proposed intervention 

can then be compared with other competing proposals for the use of public and 

private resources, and judgement made on whether the ‘return’ is sufficiently good to 

justify continuation.  In Case Study 1 the proposals for more stringent monitoring 

went ahead without any prior certainty, or pre-knowledge of the extent of the benefit 

to be expected. 

The analysis adopts a societal perspective.  It includes industry bodies (PIANZ, MIA, 

and laboratories) and government departments (NZFSA, MAF, Ministry of Health, ESR 

The Institute of Environmental Science and Research– a Crown Research Institute 
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(CRI)); i.e. takes into account all benefits and losses within New Zealand, regardless 

of to whom they accrue. 

It is an international analysis to the degree that it covers projects with impacts 

outside New Zealand, namely the beef industry trade.  There are advantages to the 

importer (in this case the USA) in being supplied with New Zealand product. No 

allowance is made for benefits to USA consumers while analyzing the benefits to New 

Zealand of market access. 

Assumptions for CBA (The Treasury, 2009, Table 2.1a) 

The scope of the analysis is the national economy, with international implications as 

the compliance programmes can form part of trade agreements which have spill-over 

effects outside New Zealand.  The analysis considers the impacts over all sectors of 

the economy.  The economic life of the underlying proposal, the compliance 

programme, is defined as 10 years.  Ten years is applied as the NPV period as this 

would be the expected time a compliance programme would be undertaken before 

any major changes or new applications.  For example the E. coli O157 compliance 

programme commenced in 1998 for market access purposes and did not undergo any 

major changes until 2008. 

The capital, financing and depreciation costs are excluded as they do not correspond 

to actual resource use and are implicitly included in the discount rate.  However the 

regular maintenance of equipment undertaken by industry to improve process and 

microbiological outcomes are a real use of an economic resource, not the same as 

depreciation, and should be included. 

Intangibles such as the value of lost years if mortality occurs before the end of a 

normal lifespan, or weighting for suffering caused by disease are not taken into 

account in this thesis. Note that Scott et al. and Gadiel did include loss of life in their 

indirect cost of illness figures; see table 10 in this thesis.  This means the economic 

analysis in this thesis can be claimed to have a conservative bias. 

A real discount rate of 10% per annum as recommended by Treasury is applied.  The 

discount rate is applied to all current and future costs and benefits to give a 

discounted Net Present Value (NPV) after deducting the discounted cost from the 
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discounted benefits.  However rates other than 10% are quite commonly used in New 

Zealand and elsewhere.  A discount rate of 3.5% is often used in New Zealand health 

economic appraisals; for example by PHARMAC.  Cressey and Lake used a 3.5% 

discount rate. These examples differ from the Treasury value.  Sensitivity analyses 

were conducted on costs received using discount rates of 0%, 3.5%, 5%, 7.5% 

compared with 10% and it was found that there was very little variation in the 

results. 

Net present value and internal rate of return are measures used to assess if 

investment in compliance programmes, including government and industry costs, 

yield a net benefit to the economy.  The internal rate of return is a rate used in capital 

budgeting to measure and compare the profitability of investments.  It is also called 

the ‘discounted cash flow rate of return’ or simply the ‘rate of return’.  It is the 

discount rate at which the NPV of costs (negative cash flows of industry and 

government expenditure on compliance) equals the NPV of benefits (positive cash 

flows, or estimated reduction in health expenditure).  The IRR is an indicator of the 

overall economic yield of an investment, whereas NPV is an indicator of the overall 

magnitude of the net returns of an investment.  The investment is acceptable if the 

IRR is greater than the minimum acceptable rate of return on the cost of capital (Van 

Horne, 1971, p. 55-57), (Valuation Academy, 2012)18.   

In Case Study 2 the CBA has been conducted in a more general way, using a broad 

assessment of costs and benefits.  The costs for industry resulting from the 

application of the market access compliance programme have been estimated; 

including the cost incurred by consignment hold ups while awaiting confirmation of 

initial positive screen tests, and lost market opportunities if screen positives are 

confirmed.   

Benefits applicable to analysis in thesis 

The benefits are principally measured as (1) reduction in health care costs, which will 

include reduction in loss of life or disability, and (2) reduction in product rejections.  

Note that the benefits of applying a compliance programme can become evident very 

quickly; such as with the poultry NMD Campylobacter programme with a 50% 

                                                        
18 As requested by examiners 
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reduction in Campylobacter within 2 years, surpassing the 50% reduction in 5 year 

target of the  Campylobacter Strategy (NZFSA, "Campylobacter Risk Management 

Strategy 2008 - 2011," 2008, p. 3).  An overseas example is the FDA estimation of the 

ex ante benefit of regulation to reduce Salmonella enteriditis in eggs in the USA, in 

which expected benefits were demonstrated to exceed expected costs even within the 

first year (Roberts, 2006).   Unfortunately we do not have further information as this 

estimation was derived from efforts made in the 1990’s to design control measures to 

reduce Salmonella enteriditis in eggs in the USA.   This was only the beginning of a 

process to engage with industry to bring about changes.  Note that the full industry 

requirements have only just been introduced with the final egg safety rule guidance 

announced in December 2011 (Schnirring, 2011). 

Outcomes include quantitative and qualitative improvement in product quality, 

retention of market access in the case of beef and veal, and opportunity for 

investment in health and reduction in the health burden associated with foodborne 

diseases in the case of campylobacteriosis.  The resultant benefits to New Zealand 

economy of compliance with USA market access requirements for beef and veal has 

been determined from contribution of export returns to GDP. 

Costs included in this study 

Costs include maintenance costs, staffing costs, disruption to existing production 

costs, and the regulatory costs associated with the compliance programmes.  

Information sought on both industry and government costs have been assessed.   

Sunk costs have occurred before the appraisal period and have no value for an 

alternative use.  In my case studies sunk costs would include the initial PIANZ/NZFSA 

consultations to determine the way forward for Campylobacter NMD, or the costs 

associated with international engagements to determine market access platforms in 

the case of beef and veal to the USA.  On-going costs, and capital investments required 

to maintain the compliance programmes are, however, relevant.   

Contingency costs associated with food safety regulation would be the lost markets 

where high levels (above the regulatory limit) are identified; such as in the poultry 

industry and where E. coli O157 is detected in a production day in the beef industry.  

In both cases losses following non-compliance would include loss of contracts or 
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trust (reliability), the physical cost of diversions, and lower returns from alternative 

markets. 

Classifying direct and indirect costs 

An important and difficult issue is the treatment of health costs and indirect costs, 

more particularly indirect costs. In this section I highlight how I have classified health 

costs and indirect costs, for the purposes of comparing COI estimates from the three 

burden of illness studies introduced in Chapter 3 Literature Review.  The references 

to HCM and WTP in Table 3 are to the alternative Human Capital method and the 

Willingness to Pay approaches to determining indirect non-health-care costs. 

Table 3: Classifying direct and indirect costs 

 

The following is the detail of each author’s categorisation of costs, paraphrased from 

the three papers: 

Scott et al. 

Costs were measured in 1999 NZ dollars.  For health costs it was assumed that if a 

person contracted a foodborne disease they would either treat themselves or see a 

General Practitioner (GP).  An estimate was made of purchase of over-the-counter 

(OTC) medications likely to be used by self treatment cases.  GP consultation fees and 

transport to and from surgery was costed.  Transport by private motor vehicle was 

valued allowing for journeys to and from GP or pharmacy, and 20k round trip for 

hospital admissions.  GP consultation fees included total fee, irrespective of 

proportion paid out-of-pocket, as the total fee represents the cost to society.  

Admission to hospital by GP referral or direct admission to emergency hospital 

department (this was considered as first engagement with health system) was priced 

the same as the initial GP visit.  Diagnostic Related Groups (DRG) were used to 

estimate hospital cost.  Long term illness generated a further GP consultation fee.  

Medicines (prescription or over-the-counter) and laboratory costs were included. 

               Terms used in this thesis Scott et al. Cressey and Lake Gadiel

direct health costs direct medical costs direct health care cost (DHC) treatment costs

 health costs indirect health costs direct non-medical costs direct non-health cost (DNHC)

lost productivity lost productivity indirect non-health care cost (INHC) output loss

indirect costs (based on length of illness) (HCM) (days lost)

loss of life intangible - loss of life residual private costs

(WTP) (WTP - output loss)
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Hospital costs were calculated using average public hospital stay times the average 

bed day cost. 

For indirect costs, lost production based on the length of illness was evaluated using 

the average weekly total earnings for males and females combined.  Intangible costs 

of death were evaluated using $2m as the WTP to save a statistical life. 

Cressey and Lake 

The case numbers [incident cases] were derived from notifications and 

hospitalisations in the 2005 year.  Price weights were adjusted to align closely with 

the time frame of the hospitalisation figures (p. 2), thus I have assumed the costs are 

reported in 2005 dollars. 

The health costs are made up of Direct Health Care (DHC) costs and Direct non-health 

care (DNHC).  The DHC costs comprised: (1) general practitioner consultations, (2) 

hospital treatment – inpatient and day patient, (3) outpatients, specialist and non-

laboratory diagnostic procedures, (4) medication and (5) laboratory testing.  The 

DNHC costs comprised: (a) distance and time costs to see the doctor, (b) distance and 

time costs to hospital, (c) distance and time costs to other medical specialists, and (d) 

travel costs (including fuel costs). 

The indirect costs were termed indirect non-health care (INHC) costs.  These 

included productivity losses of lost productive time in paid activity for the ill person 

or caregiver (p. 3).   Daily income by age group bracket was used to calculate cost of 

missed paid work.  To this was added reduced productivity in the workforce as 

represented by discounted future income forfeited by the individual (the HCM 

approach).  This was calculated using Disability Adjusted Life Years (DALY) 

estimates, assuming that losses for unpaid activities, lost leisure time and premature 

death will be captured as loss of quality of life, rather than lost productive time (p. 4).  

DALY estimates were derived from estimated foodborne disease incidence for 2005 

using a model (p. 30). 

Gadiel 

The costs in Gadiel’s paper were measured in 2009 dollars. The health-care costs 

were called treatment costs.  Treatment costs for 2009 were determined from the 
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distribution of the estimated incident cases, the cost of treatment and the product of 

the sum of the series of treatment cost for the disease and its frequency (Table 6 of p. 

22).   

Indirect costs were composed of: (1) output losses; and (2) residual private costs.  

Output losses were the product of: (a) estimated incident cases of each disease; (b) 

the duration of worker and carer paid days lost; (c) average daily earnings; and (d) 

the proportion of cases of each disease that occur in the working age population.   

Willingness to Pay criteria were applied to determine what households would be 

prepared to pay to avoid having a case of the disease.  Disability ratings ranging from 

0 (perfect health) to 1 (death) were assigned to each disease manifestation from 

gastroenteritis self care, GP care, inpatient care and each of the complications (Table 

9, p. 26).  Calculation of the burden of disease cost was by the number of incident 

cases of disease, disability weighting specific to each manifestation of disease, likely 

duration of each manifestation in days and the value of a statistical life day of full 

health. 

WTP calculations are taken to include, as one component, output losses. To avoid 

double-counting the loss of earnings for paid employment (output loss) was 

subtracted from the WTP valuation to yield a residual private cost.  Thus indirect 

costs are represented by output losses plus residual private costs. 

BERL 2002 review of alternative cost methodologies (Goodchild, Sanderson and 

Nana, 2002) 

The Business and Economic Research Limited (BERL) report to the Department of 

Labour ‘Measuring the Total Cost of Injury in New Zealand: A Review of Alternative 

Cost Methodologies’ gives an overview of indirect costs and intangibles.  They discuss 

the 3 different approaches to estimating ‘lost productivity’; HCM, FCM and WTP. 

In the BERL report HCM and FCM were classified as indirect costs, and WTP as a total 

cost method.  The authors explained that HCM presumes that people are a valuable 

economic resource, trained to deliver present and future productivity, and not readily 

replaceable.  A criticism they make of HCM is that intangible costs are not included, 

and it does not place appropriate value on all groups in society, for example the 
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capital value of men by HCM would be greater than women, middle aged greater than 

the young and the elderly.  FCM differs from HCM in that workers are considered 

replaceable, as there will be several mechanisms in the labour market that enable 

production from an absent worker to be restored. 

In the BERL report intangible costs are described as the costs of pain and suffering 

estimated from health status indices.  DALY values are generally used in New Zealand 

to estimate intangible costs.  The authors pointed out that WTP tends to bundle 

indirect and intangible costs into a single figure.  To remedy this, lost earnings are 

subtracted from WTP to leave a residual amount representing the value of intangible 

costs [This approach was used by Gadiel, see above].  WTP is determined from what 

the public is willing to pay to avoid an event.  WTP suffers the same disadvantages as 

HCM in representing the value of all sectors of society.  

The BERL report states that indirect costs can be measured adequately by either HCM 

or FCM, however these two methods are at odds with each other.  HCM will overstate 

and FCM understate.  To complicate matters further indirect costs can include 

intangibles, and core methods can be hybridized.  The authors recommended further 

exploration to determine the feasibility and application of each particular method 

according to the parameter being costed. 

Discussion on choices of methods to estimate indirect costs 

The burden of foodborne illness studies I have reviewed use the Human Capital 

method approach, or Willingness To Pay for indirect costs.  It is important to consider 

alternative approaches to evaluate indirect costs.  This would include the Friction 

Cost method described by Koopmanschap et al. (1993).   

The choice of the Human Capital method approach leads to a large weighting being 

placed on the complex sequelae of foodborne disease.   The consequences of this are 

highlighted in Table 4 below, adapted from Tables 8 and 9 in Cressey and Lake 

(2008). 
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Table 4: Incident cases in 2005 

 

In the case of campylobacteriosis 97.3% of illnesses are short term gastro-enteritis 

lasting for 3 to 7 days.  The more complex sequelae (ReA, GBS and IBD) make up only 

2.7% of the estimated total cases.   With ReA work is usually uninterrupted.  IBD 

usually put persons out of work intermittently.  Only for GBS could sick leave be 

considered significant at 90 to 123 days (Cressey and Lake, 2008).  This translates to 

only 0.02% of cases resulting in long term sick leave.  It is these long-term cases for 

which Koopmanschap et al.’s criticisms have the most validity.   

Table 5: Cost of Illness estimates and sensitivity analysis for 2005 data 

 

Tables 4 and 5 derived from ((Cressey and Lake, 2008) pp. 31-32, Tables 8 and 9. 

Because Cressey and Lake use a HCM approach they calculated ‘lost contribution’ for 

future life years lost to premature mortality, and discounted this to the present. 

Hence the variation with discount rate shown in the table above.  Campylobacteriosis 

Disease state Incident Percentage

cases per year of total

GE, total Gastrointestinal disease 119,723 97.3%

GBS, total Guillain-Barré syndrome 28

ReA, total Reactive arthritis 3,200 2.7%

IBD, total Inflammatory bowel disease 49

TOTAL incident cases 123,000 100.0%

GE, total Gastrointestinal disease 329 96.8%

HUS, total Haemolytic uraemic syndrome 10

ESRD, total End stage renal disease 1 3.2%

TOTAL incident cases 340 100.0%

STEC

Campylobacteriosis

COI Sensitivity analysis:

$m (3.5% 

discount)

$m (0% 

discount)

$m (5% 

discount)

$m (10% 

discount)

DHC Direct health care 7.8 8.9 7.5 7.1

DNHC Direct non-health care 0.61 0.6 0.6 0.6

INHC Indirect non-health care 124 127 123 122

TOTAL 134 137 133 132

Foodborne 74 77 74 73

DHC Direct health care 2.0 3.9 1.6 1.1

DNHC Direct non-health care 0.1 0.1 0.1 0.1

INHC Indirect non-health care 1.8 3.6 1.5 0.8

TOTAL 4 7.6 3.2 2.0

Foodborne 1.6 3.0 1.3 0.8

Cost of illness (Campylobacteriosis)

Cost of illness (STEC)
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demonstrates very little sensitivity between 0% to 10% discount rates, whereas 

STEC drops from $3.0m at 0% discount rate to $0.8m at a 10% discount rate.  Cressey 

and Lake consider this is due to lost productivity related to fatal cases.   

To conclude I have concerns that indirect costs have been over-estimated by HCM, as 

demonstrated in the Cressey and Lake study above.  Too great a weighting has been 

placed upon the small proportion of fatalities, and small proportion of complications 

associated with campylobacteriosis and STEC.  In fact the economic burden is a result 

of the large number of persons absent from work for short periods. 
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Chapter 5 Case study 1: estimating the health benefits of poultry industry 

compliance measures 

 

This chapter reviews the benefits of the compliance programme applied by the 

poultry industry for principally the domestic market.  Cost Benefit Analysis using 

NPV and IRR criteria are applied to the industry and government figures as has been 

outlined in chapter 4.  This will clearly demonstrate the benefits of the application of 

the compliance programme at primary processing level.  

Introduction 

The poultry broiler carcass National Microbiological Database (NMD) Campylobacter 

programme, along with concurrent preventative measures applied to farm and 

industry practices has been credited with a reduction in the incidence of 

campylobacteriosis in New Zealand (Sears, 2009), (Sears et al., 2011).  The reduction 

in annual health costs related to campylobacteriosis is from an estimated $99 m to 

$41.6 m from 2007 to 2009 in 2007 dollars.  This chapter discusses the benefit:cost 

ratio to New Zealand of this programme. 

The poultry industry contributors 

Since this research project commenced in late January 2010 nine poultry processors 

have participated in NMD, eight of whom are members of the Poultry Industry 

Association of New Zealand Inc. (PIANZ).  Companies A (with multi processing sites) 

and B (one processing site), both members of PIANZ, contributed costing information 

for this thesis.  

National Microbiological Database (NMD) and Campylobacter Strategy 

Primary industry processing has contributed to public health in two principal ways: 

by efficiently supplying food to meet population demands and utilising good 

industrial practices to ensure food entering the market is safe.    

By 2006 an epidemic of Campylobacter believed to be associated with chilled poultry 

product consumption was occurring unchecked in New Zealand.  The initial results 

from source attribution studies conducted by Massey University for NZFSA clearly 
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indicated that consumption of poultry was responsible for about 60% of cases 

(Mullner et al., 2007), (Mullner and French, 2009). 

The generic E. coli/Salmonella NMD programme utilised since 2001 had ensured 

ongoing good hygienic standards and management of Salmonella incidents. The NMD 

sampling programme is a New Zealand Standard which the operator of a poultry 

processing plant is responsible for implementing.  The operator must choose a 

laboratory from about 25 laboratories approved by the regulator under the 

Laboratory Approval Scheme (LAS) to undertake analysis of samples and review the 

proficiency of samplers.  Only trained samplers are permitted to undertake NMD 

sampling.  The LAS approved laboratory is responsible for ensuring sampling is 

conducted by trained samplers according to NMD requirements.  Sampling is 

conducted daily for standard throughput poultry processors and once a week for very 

low throughput poultry processors.  The method specified in NMD must be applied 

for the analysis.  The results must be reported both to the processor and to the NMD 

within seven days of sampling.  Thus a database of all the poultry processor 

microbiological results is collated week by week by the regulator (MAF).  

From 2001 the industry practices to prevent Salmonella (for example heat treatment 

of feed for broiler and breeder flocks) had reduced the Salmonella incidence, but had 

not led to any corresponding reduction in public health notifications for 

campylobacteriosis.  Salmonella flock infection often derives from sources other than 

Campylobacter.  The generic E. coli results used to provide comparative data on 

hygienic slaughter and dressing did not seem to correlate with Campylobacter 

contamination of poultry carcasses.  The reason is that Campylobacter organisms are 

likely to survive the commercial processes and interventions applied by industry to 

maintain low E. coli levels.  Things could look right under visual inspection, and E. coli 

results could be low while Campylobacter levels in product were high. Particular 

Campylobacter measures needed to be implemented over and above those that were 

effective for E. coli and Salmonella.  

The advantages to industry was that NMD provided a national benchmark, permitting 

sharing of information.  Operators could discuss process applications that worked or 

failed at their Veterinary Technical meetings.  Campylobacter NMD motivated 
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industry to work together on the problem (conversation with poultry industry 

operators, February 2011). 

Cost of poultry broiler carcass NMD 

A comprehensive breakdown of the component costs over the 12 months of the 

poultry broiler NMD programme before the Campylobacter programme (April 2006 

until March 2007) and after (March 2008 – April 2009) has been compiled from 

information received from the poultry industry.  The costs of the NMD programme 

included: labour, service/cash and other.  See Appendix 1 for details.   

Components of compliance costs 

The poultry broiler carcass NMD compliance before the Campylobacter programme 

included the following component costs: 

1) Coordinating programme activities, including NMD controller responsibilities; 

2) Staff training; 

3) IT facilities; 

4) Review, communication of, and responding to results; 

5) Responding to the Salmonella performance standard; 

6) Sampling including storage, refrigerators, courier arrangements, calibration 

7) Laboratory analysis, including client relationship with the laboratory or costs 

of maintaining an on-site laboratory. 

In addition to the above, loss of key domestic markets could occur if loss of 

microbiological process control was found to be associated with a Salmonella positive 

and/or high E. coli results.  Depending on the extent of the loss of process control, 

product could be required to be diverted to be frozen or heat treatment (canning) for 

example, losing the opportunity of access to the higher value chilled chicken market.  

Or if a major issue breaching hygienic standards had occurred then product would 

need to be diverted from human consumption altogether; to be rendered, or for 

petfood. 

The inclusion of poultry Campylobacter sampling/testing into the NMD programme 

from April 2007 resulted in the following additional components costs: 
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1) Coordinating the NMD programme became more complex, thus more costly;  

Additional Campylobacter farm, plant and sampler audits needed to be 

conducted by operators; 

2) Staff training increased due to the more complex nature of sampling; 

3) Review of results including grower education, production staff meetings 

(Campylobacter processing meetings), and quality reports; 

4) IT facilities to incorporate Campylobacter results and responses. 

The cost of laboratory analysis increased markedly due to the complexity of the 

Campylobacter analysis which involves incubation in a microaerobic atmosphere. See 

section 4.10 Schedule 1 National Microbiological Database Programme (NZFSA, 

"Schedule 1 National Microbiological Database Programme," 2007).  In addition, the 

number of tests required each day or each week increased.  The selection of carcass 

criteria for standard throughput operators was more complicated with sample 

selection requiring three independently selected random times each processing day. 

This incurred extra courier and storage costs.  To comply some processors moved 

forward processing finishing times by starting earlier to enable samples to reach the 

laboratory within the required time frame to avert a ‘no sample’ default result of 3.79 

(above the Campylobacter performance target (CPT) limit) being recorded against 

them. 

Regulatory responses enabled in NMD Notice 2008 (NZFSA, "Schedule 1 National 

Microbiological Database," 2008) included options for the regulator to require 

product with high Campylobacter counts to be frozen, or production to be halted if 

necessary.  At no time from the commencement of the regulatory responses in April 

2008, including the period of this study (January 2010 – December 2011), was any 

poultry operator required to stop production, but there were some instances where 

product was frozen.  Freezing of the product meant lower market returns and lost 

opportunities.  

In addition to the Salmonella performance standard regulatory responses were 

initiated from January 2008 and enforced from April 2008.  Responses were 

escalated according to the number of consecutive processing weeks (moving 

windows) with results exceeding the Campylobacter performance target (CPT).  In 
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addition to this each quarter two further responses could be prompted if the 

quarterly median limit was exceeded, and/or if the premises ranked list for the 

quarter indicated poor performance relative to the industry average. 

Impact on industry 

PIANZ claims that the poultry risk management programme has reduced its 

operating margins (Brooks, 2010).  See also Gadiel (Gadiel, 2010).  The consequence 

of this has been withdrawal of some industry players and possible lack of confidence 

in future investment in the poultry industry. 

Since the poultry Campylobacter NMD commenced in March 2007 there have been no 

product withdrawals, but some processors have been required to freeze product for 

consumer safety.  Two processors reached response 5 level due to ongoing breaches 

of the Campylobacter Performance Target (CPT) and required inspection visits by the 

NZFSA/MAF Campylobacter Response Team. One processor reached response 5 level 

on two occasions and was ordered to freeze product while taking steps to address 

issues.  It then became compliant, but closed its business soon after. The other 

processor, processing to organic standards, reached response 5 level on three 

occasions. This processor was ordered to freeze product each time, but made the 

necessary improvements.  This processor has maintained compliance since 

November 2009 and remains in business.   

Two processors reached response 4 level, requiring a Campylobacter Response Team 

visit.  General hygiene issues and poor control of chemical decontamination steps 

were identified. Upon becoming compliant one processor voluntarily shut down. The 

other processor reaching response 4 level had taken insufficient samples, had not 

ensured that sample testing was conducted according to the NMD Campylobacter 

programme, and had process and chemical decontamination issues.  This processor is 

now meeting sampling and processing requirements and remains in business (MAF, 

"Campylobacter Performance Target (Phase 1)," 2011).  

The above examples demonstrate the business impact of compliance with the poultry 

Campylobacter NMD programme. Poultry processors do face challenges to meet the 

CPT and remain in business. 
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Non-capital compliance costs 

The non-capital costs for companies A and B are set out in Tables 6 and 7 below.  The 

tables include the cost of PIANZ providing oversight and technical advice to industry, 

meetings with industry, the regulator, and researching interventions and public 

health consequences.  

Table 6:  NMD Compliance costs of Company A, Company B and PIANZ 

Company   2006/2007  

Before Campylobacter 

testing included 

2008/2009 

After Campylobacter testing 

included 

Increase % increase 

A $24,730 $163,130 $138,400 560% 

B $44,000 $97,500 $53,500 123% 

A + B $68,730 $260,630 $191.900  

PIANZ $708 $5,308 $4,600 650% 

 

The inconsistency of percentage increases between the two companies was queried 

in that I asked both company A and company B to review their costs, and was 

returned the same figures.   

Total costs for these two companies represent approximately 70% of the total 

industry costs (personal communication Michael Brooks, chief executive, PIANZ).  

Table 7 below presents estimates of total industry compliance costs. 

Table 7: Total industry compliance costs 

Total industry   2006/2007  

Before Campylobacter 

testing included 

2008/2009 

After Campylobacter testing 

included 

Increase % increase 

All processors $98,186 $372,329 $274,143 279% 

PIANZ $708 $5,308 $4,600 650% 

TOTAL $98,894 $377,637 $278,743 282% 

Note: The ‘All processors’ figure is based on dividing the sum of processor A and B by a factor of 0.7 
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Capital costs of interventions 

In addition to annual compliance costs, there were initial investments in 

interventions.  These investments occurred between late 2007 and April 2008 after 

some trialing and consideration of applicability to the New Zealand 

campylobacteriosis epidemic and poultry industry standard practices.  Capital costs 

occurred concurrently with the implementation of the programme. 

Capital upgrades made to improve washing/chilling and/or post chill dip over 

2007/08 prior to the imposition of regulatory responses cost company A $950,000, 

and company B $460,000 or a total of $1,410,000 for both companies.    

 The total actual capital investment in the Campylobacter strategy by industry is 

unknown at this stage.  Applying the 70% factor, the total capital investment is 

estimated at $2,014,000. 

Biggs, in a personal communication confirmed that the on-going cost following the 

capital investment in intervention systems is the cost of chemicals; citric acid and 

sodium chlorite, estimated at $500,000 per annum overall (Biggs, 2010). On-going 

maintenance costs have been included with the annual costs of the compliance 

programme in Table 8 along with capital costs. 

Table 8: Ongoing and capital costs for industry 

Cost factor   Industry cost per annum 

NMD programme 2006/2007 (before Campylobacter) $98,894 

NMD Campylobacter programme 2008/2009 $377,637 

Chemicals per annum $500,000 

Total NMD compliance 2008/2009 $877,637 

Capital investment 2007/2008 $2,014,000 

 

Reduction in human cases of Campylobacter from 2006 to 2008 

In 2006 there were 383.5 Campylobacter cases per 100,000.  By the end of 2008 this 

had fallen to 166.3 per 100,000 (ESR, 2010).  This was a 58% reduction in notifiable 

cases based on total case figures.  This synchronises well with the commencement of 



55 
 

the Campylobacter Strategy in August 2006 (Hathaway, 2006), announced by the 

Chief Executive of NZFSA in November 2006 (McKenzie, 2006), the early report of 

scientific research attributing the main source of human infection to consumption of 

poultry (Mullner et al., 2007), followed by the National Microbiological Database in 

April 2007 (NZFSA, "Schedule 1 National Microbiological Database Programme," 

2007), the poultry broiler growing biosecurity manual in November 2007 (Lee, 

2007), and the regulatory responses described in NMD Notice 2008 (January 2008), 

enforced from April 2008 (NZFSA, "Schedule 1 National Microbiological Database," 

2008). 

 

Figure 5: Trends in Campylobacter notifications since 2000 (ESR, 2010) 

 

Table 9: Campylobacter notifications since 2000.  

 

 

The principal factor that contributed to the decline was the implementation of the 

Campylobacter Strategy which, as covered in the previous section, involved 

substantial investment by the poultry industry.  Other enteric diseases, such as 
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salmonellosis and cryptospiridosis, did not demonstrate any decline over this period 

(Sears, 2009).   The fall in notifications followed a seasonal pattern with a higher 

proportion of notifications in the summer.  Notifications fell across all population 

subgroups (Sears, 2009).  This is consistent with a common standard applied at 

primary industry level affecting all consumers equally (Sears, 2009).  That common 

standard was the compliance programme applied by the poultry industry in 

partnership with the regulator.  

Estimation of cost of illness of foodborne campylobacteriosis in 2007 

I have estimated the costs associated with campylobacteriosis at the beginning of 

2007 from three cost of illness studies commissioned by NZFSA (now MAF) as 

outlined in the Chapter 3; (1) Scott et al. using 1999 data (Scott et al., 2000), (2) 

Cressey and Lake using data over 2000 -  2006 converted to 2005 dollars (Cressey 

and Lake, 2008), and (3) Gadiel using 2009 data (Gadiel, 2010). Government and 

industry preventative costs have not been included in these estimates. 

Scott et al. estimated that the total cost of foodborne illness in 1999 was $55m of 

which $40m (73%) could be attributed to Campylobacter (Scott et al., 2000).  Cressey 

and Lake estimated a total foodborne disease cost of $85.3 million in 2005 of which 

an estimated $74 million (87%) was associated with foodborne Campylobacter 

(Cressey and Lake, 2008).  Gadiel estimated the total cost of foodborne disease in 

New Zealand in 2009, excluding government and industry costs, was $131m with 

$36m due to foodborne campylobacteriosis (27%) (Gadiel, 2010).  Gadiel stated the 

relatively lower percentage attributable to poultry in 2009 was likely to be due to the 

interventions undertaken by the poultry industry in response to the Campylobacter 

Strategy.  These COI figures are represented in Table 10. 
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Table 10: Estimated cost to New Zealand of foodborne Campylobacter 

                 Figures in current $ million 

 1999 2005 2009 

 Scott et al. Cressey and Lake Gadiel 

Direct health costs 1.2 4.3   

Indirect health costs 0.1 0.3   

Total health 1.3 4.6 2.2 

Lost productivity 36.6 69 17.8 

Loss of life 2.2   16 

Total indirect 38.8 69 33.8 

TOTAL 40 74 36 
 

All totals exclude government and industry preventative measures.  The following 

table converts the above figures to constant 2007 dollars for comparison. 

Table 11: Cost of foodborne Campylobacter converted to constant 2007 dollars 

        Figures in constant 2007 $ million 

 1999 2005 2009 

 Scott et al Cressey and Lake Gadiel 

Total health 1.6 4.8 2.2 

Total indirect 47.4 72 31.5 

TOTAL 49 77 34 

 

A large proportion of Campylobacter cases go unreported.  The assumption is that the 

number of reported cases will be about 10% of actual cases in the community. ‘ ”In 

the UK we have a notification rate of 95 people per 100,000 head of population 

[campylobactereriosis], but that’s a serious under-reporting and we know our true 

infection rate is actually about ten times that,” said Prof Newall ‘(Casey, 2011). The 

10:1 ratio has been generally applied in the economic analyses I have reviewed, 

including the recent UK Infectious Intestinal Disease study (Tam, Rodrigues and 

Viviani, 2011).   

The estimated cost of campylobacteriosis from Cressey and Lake is the nearest 

chronologically to 2007, but will underestimate the cost of disease at the beginning of 

2007 as the epidemic had just peaked at the end of 2006 at 15,900 notified cases per 

annum; or approximately 159,000 community cases.  To ascertain the costs for the 

start of 2007 (the health challenge for 2007) I needed to scale up the 2005 costs 
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appropriately.  The number of community cases estimated by Cressey and Lake was 

123,000 (Cressey and Lake, 2008).  Thus the likely cost due to foodborne 

campylobacteriosis at the start of 2007 would be $77m x (159,000 cases/123,000 

cases) = $99m per annum.  For total health care costs only this would be $4.8m x 

(159,000cases/123,000cases) = $6.2m.  The COI estimates by Scott et al. , Cressey 

and Lake, and Gadiel, and my $99m COI estimate for the beginning of 2007 are 

represented in the table and figure below: 

Table 12: Campylobacteriosis notifications and estimated cost in millions 

 

 

Figure 6 Relationship between the estimated cost of campylobacteriosis and the number of notifications 

To conclude; the estimated cost of disease at the start of 2007, prior to the poultry 

Campylobacter NMD programme, I will use to base the rest of my economic analysis 

upon is $99m, the total estimate attributable to Campylobacter, of which $6.2m is 

total health care costs. 
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Cases per annum 8,924 11,572 8,161 8,432 10,145 12,494 14,788 12,214 13,836 15,837 12,778 6,694 7,177
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Reduction in the disease burden, the ‘benefit’ 

There was a 58% reduction in Campylobacter (15,873 cases in 2006 compared to 

6,694 cases in 2008).  Assuming a linear relationship between the number of cases 

and estimated cost of illness this implies: 

 58% savings of $99m for TOTAL = $57.4m, or 

 58% savings of $6.2m, total health (excluding indirect costs) = $3.6m 

These benefits accrue each year. 

Industry costs 

I use the capital investment cost ($2.014m) and estimated on-going annual costs 

($0.88m per annum) from the figures supplied by industry. 

Government costs 

The government cost for the poultry Campylobacter Strategy was $950,000 in 2009 

(Gadiel, 2010, p. 14) which converts to $885,000 in 2007 dollars. 

Assumptions  

My assumptions are: 

(1) that the compliance programme will maintain this reduction in Campylobacter 

levels;  

(2) the total community cases are 10 times the notifications (Professor Diane G. 

Newell (Casey, 2011)), (Tam, Rodrigues and Viviani, 2011); and 

(3) that there is a linear relationship between notifications and health effects.  

The application of this common compliance standard would be expected to have an 

initial impact, level out and then possibly rise again as the focus shifts away from the 

original epidemic.  A loss of industry experience of factors related to contamination of 

broiler carcasses, and development of maintenance problems associated with 

interventions or other standard processes can occur.  This type of pattern is 

described as the Bathtub curve (NIST/SEMATECH).  I have not assumed a possible 

future rise in notifications. 
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If the NMD Specifications as per 2001 (without Campylobacter measurement and 

regulatory controls) were continued it can be assumed that the rates of 

campylobacteriosis in New Zealand would have remained high.  The cost of this to the 

New Zealand economy can be conservatively demonstrated by calculating the area 

between the curves of actual reduction and anticipated continuation of 

campylobacteriosis at the average of yearly rate from 2000 to 2006 if the poultry 

Campylobacter NMD was delayed until 3 years later.  The comparison in cost savings 

if Campylobacter NMD implementation was delayed is represented in the following 

graph. 

 

Figure 7: Reduction in reported cases of campylobacteriosis following the introduction of the compliance 
programme 

Note: ‘if delayed’ means if the implementation of NMD had been delayed a further 3 years. 

The area between curves, represented by the shaded parallelogram, can be estimated 

by height of $57.4m, the reduction of disease cost, times the base which is 3 years 

totalling $172.2m saved.   This demonstrates the cost to the economy of delays in 

implementing effective responses to foodborne disease epidemics.  

Cost Benefit Analysis 

I estimate that from $99m cost of Campylobacter illness at the beginning of 2007, the 

reduction in notifications led to only $41.6m being incurred over 2007/2008.  That is 
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a benefit of $57.4m.  To estimate the benefits from the investment in the compliance 

programme a Net Present Value (NPV) calculation was undertaken, using a 10% 

discount rate.  A 10% discount rate has been applied to comply with Treasury 

guidelines for CBA (The Treasury, 2005).  Although Treasury uses 10% it should be 

noted that other rates have been used in public health studies.  For example 3% has 

been used in foodborne illness compliance studies such as Roberts (Salmonella 

enteriditis, USA (Roberts, 2006) ).  In the New Zealand health sector it is common to 

use the 3.5% rate recommended by PHARMAC (PHARMAC, 2007). 

An Internal Rate of Return (IRR) was also calculated as IRR is a widely recognised 

technique used by business, industry and public policy agents to estimate the 

financial return of an investment.  
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Table 13: Estimating benefits to health from investment in compliance. 

 

 

This ratio of 25.74 is a very high benefit cost ratio.  Are these results “too good to be 

true”?  Are the ‘benefits’ in these calculations overstated?  I have conducted a 

sensitivity analysis with discount rates from 0% to 10% and very little variation is 

demonstrated as shown in Table 14. 

 

Source data undiscounted for a 10 year horizon.

Benefits

2007 Confirmed Costs Costs   undiscounted:

is taken notified   undiscounted undiscounted the 58% reduction Net 

as year 0 cases Industry Government Total costs in cost of illness Benefit

Year per annum $m $m $m $m $m

2007 12778 2.01 0.88 2.89 -2.89

2008 6694 0.88 0.88 1.76 57.40 55.64

2009 7177 0.88 0.88 1.76 57.40 55.64

2010 7345 0.88 0.88 1.76 57.40 55.64

2011 7000 0.88 0.88 1.76 57.40 55.64

2012 7000 0.88 0.88 1.76 57.40 55.64

2013 7000 0.88 0.88 1.76 57.40 55.64

2014 7000 0.88 0.88 1.76 57.40 55.64

2015 7000 0.88 0.88 1.76 57.40 55.64

2016 7000 0.88 0.88 1.76 57.40 55.64

2017 7000 0.88 0.88 1.76 57.40 55.64

Total costs

Sum 10.81 9.68 20.49 574.00 553.51

        Internal Rate of Return

IRR = 1925%

   Discounted 10%

Costs Benefits

Total costs Benefits Net

Year discounted discounted Benefits

$m $m $m

0 2.89 0.00 -2.89

1 1.60 52.18 50.58

2 1.45 47.44 45.98

3 1.32 43.13 41.80

4 1.20 39.20 38.00

5 1.09 35.64 34.55

6 0.99 32.40 31.41

7 0.90 29.46 28.55

8 0.82 26.78 25.96

9 0.75 24.34 23.60

10 0.68 22.13 21.45

PV 13.70 352.70 338.99 NPV

               Benefit cost ratio

B/C ratio = 25.74
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 Table 14: Sensitivity analysis of NPV 

 Discount rate 10.0% 7.0% 5.0% 3.5% 0.0% 

 B/C ratio 25.74 26.43 26.89 27.24 28.01 

 

The results of this sensitivity analysis show high B:C ratios regardless of discount 

rate; a further indication that the investment has a high payoff.   

Removing indirect costs 

However, these very high benefit cost ratios raise questions as to whether costs have 

been under-estimated or benefits exaggerated.  To check the latter the calculations 

are repeated in the following tables, excluding indirect costs (termed as indirect non-

health care costs by Cressey and Lake).  This is on the basis of work by 

Koopmanschap et al. suggesting that such costs may be seriously over-estimated 

when costed by Human Capital methods. 

This can be demonstrated by conducting an NPV removing all the indirect costs.  

From p. 56, 58% savings of 6.2m Total health (excluding indirect costs) = $3.6m 
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Table 15: Comparing the benefits if only direct and non-direct health benefits are included 

 

 

The cost benefit ratio is still greater than 1.0, and the IRR remains high.  I then 

checked the sensitivity to discount rate again as demonstrated in Table 16. 

 

 

Source data undiscounted for a 10 year horizon.

Benefits

2007 Confirmed Costs Costs   undiscounted:

is taken notified   undiscounted undiscounted the 58% reduction Net

as year 0 cases Industry Government Total costs in cost of illness Benefit

Year per annum $m $m $m $m $m

2007 12778 2.01 0.88 2.89 -2.89

2008 6694 0.88 0.88 1.76 3.60 1.84

2009 7177 0.88 0.88 1.76 3.60 1.84

2010 7345 0.88 0.88 1.76 3.60 1.84

2011 7000 0.88 0.88 1.76 3.60 1.84

2012 7000 0.88 0.88 1.76 3.60 1.84

2013 7000 0.88 0.88 1.76 3.60 1.84

2014 7000 0.88 0.88 1.76 3.60 1.84

2015 7000 0.88 0.88 1.76 3.60 1.84

2016 7000 0.88 0.88 1.76 3.60 1.84

2017 7000 0.88 0.88 1.76 3.60 1.84

Total costs

Sum 10.81 9.68 20.49 36.00 15.51

             Internal Rate of Return

IRR = 63%

   Discounted 10%

Costs Benefits Net

Total costs Benefits Benefits

year discounted discounted

$m $m $m

0 2.89 0.00 -2.89

1 1.60 3.27 1.67

2 1.45 2.98 1.52

3 1.32 2.70 1.38

4 1.20 2.46 1.26

5 1.09 2.24 1.14

6 0.99 2.03 1.04

7 0.90 1.85 0.94

8 0.82 1.68 0.86

9 0.75 1.53 0.78

10 0.68 1.39 0.71

PV 13.70 22.12 8.42 NPV

               Benefit cost ratio

B/C ratio 1.61
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Table 16: Sensitivity analyses 

Discount rate 10.0% 7.0% 5.0% 3.5% 0.0% 

B/C ratio 1.61 1.66 1.69 1.71 1.76 

  

Once again the sensitivity analysis shows little variation, implying a good investment 

proposition.  Given these results of the CBA on COI with health care costs only, it 

seemed appropriate to review alternatives to the Human Capital method for 

estimating indirect costs. 

Review of alternatives to the Human Capital method (HCM) approach 

In this section I will examine two alternative methods for estimating indirect costs; 

the Willingness to Pay method (WTM) and the Friction Cost method (FCM).  I will 

compare the estimates derived from these to the Human Capital method and the NPV 

undertaken removing indirect costs altogether – the health costs only NPV results. 

The Willingness to Pay approach is used by Gadiel, beginning with the Value of ‘A 

Statistical Life’ (VOSL) in June 2008 at $3.35m.  This was calculated for New Zealand  

injury prevention strategy (Wren and Barrell, 2010), originally derived from the 

1991 Ministry of Transport Road safety prevention figures (Gadiel, 2010, p.26).  This 

VOSL was converted to 2009 dollars by Gadiel for his study.  This equates to $3.22m 

in April 2007.  From this the WTP value for a ‘statistical life’, the value of a life-year 

can be calculated as $144,000 for a 3.5% discount rate, or $395 per day of disability.   

Using the estimated 159,000 illnesses due to campylobacteriosis at the beginning of 

2007, of which 15,900 were reported leaving a remainder of 143,100 unreported.   

From (Gadiel, 2010, Table 9, p. 26 ) I used the GE (gastroenteritis) self care, 3 days of 

disability, weighted at 0.067, and GE GP care, 10 days weighted at 0.393.  Weightings 

range from 1.0 representing perfect health to zero representing death.  Thus the WTP 

cost per unreported case is the days of disability, times the weighting, times $395. 

 GE self care (3 days*0.067*$395 is $79 per case) = $79*143,100 unreported 

cases = $11,297,000 

 GE GP care (10 days*0.393*$395 is $1,552 per case) = $1,552*15,900 reported 

cases = $24,676,800 
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The total indirect costs using WTP are $35,973,800 at the beginning of 2007; a much 

lower value than HCM estimate given by Cressey and Lake.  The reasons why the 

HCM approach to estimate indirect costs would be expected to be much higher is, as 

explained in Chapter 4, too great a weighting is placed upon the small proportion of 

fatalities, and small proportion of complications associated with campylobacteriosis.   

Whereas the economic burden is in fact a result of the large number of persons 

absent from work for short periods.  In using WTP to calculate indirect costs the lost 

productivity of short absences from work by the unreported cases (90% of total 

cases) is factored in more appropriately. 

To calculate the full COI using WTP for indirect costs, the $6.2m health costs needs to 

be added on.  This generates $42.2m COI at the beginning of 2007 for foodborne 

Campylobacter.  The benefit of the new compliance programme is then the 58% 

reduction this $42.2m i.e. $25.4m.  Applying an NPV at 10% discount rate, and a 10 

year horizon this gives a benefit:cost ratio of 10.98 and IRR of 787%, higher than the 

result for ‘health care costs only’, and well below half the HCM CBA result.   

Another alternative to the HCM approach is the Friction Cost method (FCM). 

Illustrative numbers are provided by Koopmanschap et al.  comparing total health 

sector indirect costs for disease in the Netherlands in 1988 and 1990 

(Koopmanschap et al., 1993, p. 182, Table 2 ). Note the currency is guilders (in 

billions). 

Table 17: Comparison between friction costs and human capital cost estimations of indirect cost of 
disease 

 

Source: (Koopmanschap et al., 1993, Table 2, p 182) 

In this example because the whole health sector is appraised, the indirect costs are 

not at all like those for foodborne Campylobacter, but represents the indirect costs 

Indirect costs of disease

Guilders $ billion

Cost category Friction cost 1988 HC cost 1988 Friction cost 1990

Absence from work 9.2 23.8 11.6

Disability 0.15 49.1 0.2

Mortality 0.15 8.0 0.2

Total indirect costs 9.5 80.9 12.0

%GDP 2.1% 18% 2.6%
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related to the total disease burden of the Netherlands economy.   However, this table 

clearly demonstrates the higher value estimated by HCM compared to FCM.  The table 

also shows the much greater differences between HCM and FCM for ‘long term’ 

consequences such as disability and mortality. 

From this table the absence from work costs in the top row will represent 

campylobacteriosis indirect costs best, as disability and mortality costs form a very 

small proportion of Campylobacter burden of illness.  Thus for purposes of my thesis 

the indirect costs by FCM would be represented by the absence from work: 

 (9.2 + 11.6)*0.5/23.8 = 43.7% of HCM indirect costs. 

From $99m for 2007 estimated cost of illness (COI) for foodborne Campylobacter, of 

which $92.5m is HCM indirect costs, times 43.7% gives $40.4m by FCM.  Plus $6.2m 

health costs generates $46.6m COI of which there is a 58% cost benefit in reduction 

of disease valued at $27m.  Conducting an NPV with 10% discount rate and a 10 year 

horizon, the results are a benefit:cost ratio of 12.11 and IRR of 873%.  This FCM 

result is very comparable to the WTP result, sitting at less than half of the HCM result. 

Table 18:  Sensitivity analysis comparing methods of indirect cost estimation. 

Method IRR B/C ratio 

HC 1925% 25.74 

FCM 873% 12.11 

WTP 787% 10.98 

Health only 63% 1.61 
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Figure 8: Comparing estimates of the Internal Rate of Return 

The above highlights that the investments made by the regulator and industry have 

delivered good returns in the form of health benefits to the wider New Zealand 

economy.  However from industry’s perspective the investment would not be 

commercially sound as it would not be expected to deliver a sufficient commercial 

return.  However a commercial advantage of increased shelf life was anticipated 

which would enable companies to hold buffer stocks to maintain consistent market 

availability across all production days (personal communication Roy Biggs (Biggs, 

2010)).   

Future targets 

A further 50% reduction in Campylobacter would result in a further $20.8m saved 

per annum ($99m – $57.4m =$ 41.6m divided by 2).  The level of investment required 

by the poultry industry to effect or contribute to a further 50% reduction is however 

unknown. 

Reviewing the attribution studies for 2006 and 2008 published by Lake, Hall and Ball 

in 2011 the proportion accounted for by an identifiable source was poultry ~60% in 

2006 compared to ~40% in 2008.  The estimated notifications attributed to other 

pathways remained relatively constant for both years (Lake, Horn and Ball, 2011, p 

51, Figure 11).  This supports my assumption that the reduction in notifications was 

due principally to changes in the poultry processing.  Other attribution pathways in 
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New Zealand include pets, red meat, recreational water, drinking water, other animal 

contact, other foods and recreational exposure. 

As about 40% of campylobacteriosis is still estimated to be sourced from poultry, 

further investment in poultry by both the regulator and industry is the most likely 

next step to deliver further significant health benefits.  The final reduction in disease 

burden from Campylobacter will be related to improvements in farming practices in 

ruminants, particularly sheep and cows, environmental management of water 

catchments, reduction in unregistered water supplies. 

Future interventions by the poultry industry 

Indications from UK studies are that improvements in farm practices will be key to 

delivering reduction in the disease burden attributable to poultry.  There are issues 

with maintaining business profitability associated with moves in this direction. 

Summary of a conversation19 with Michael Brooks on 20 September 2011: 

“The current CPT [Campylobacter Performance Target] is a practical target 

that industry can realistically meet that has made a real difference to human 

health.  Now that a significant impact on human health has been achieved, the 

issue is what does the poultry industry actually do next?  Keeping the pressure 

on industry to meet the CPT, and getting in quickly to remedy breaches is the 

best approach.  Also reviewing each individual company’s performance over 

the season and if there are 3 or more breaches in one year there is a need to 

identify systemic issues related to that company’s processing. 

Farm biosecurity is much more difficult to supervise.  It is difficult to establish 

a point of control where we can affect a difference.  It is not possible to 

appoint 320 farm minders.  Farmers are informed, goals are set, but there are 

occasions when biosecurity will be breached.  Compared to the 

recommendations of the Food Safety Authority of Ireland Scientific Committee 

(2011) (FSAI, 2011).  New Zealand does nearly all of this now apart from one 

depopulation and 5 days between depopulation.  But observations have been 

                                                        
19 This was a general discussion of initial thoughts and does not represent an industry position. 
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that farms where the best practices are evident often have higher prevalence 

of Campylobacter in flocks than farms where biosecurity is not as consistent.   

Logistic slaughter does not work in practice; logistic slaughter meaning that 

where a flock is determined to be infected it is slaughtered at the end of the 

production day just prior to full hygienic clean-up and/or it is assigned to be 

frozen.  In the time between sampling and the analysis delivering a clear result 

the flock can be infected, thus a flock that was determined as negative at time 

of sampling can be infected by the time of presentation for slaughter.   

Vaccination and bacteriophage research is being conducted, but there are no 

vaccines or phage inoculations that provide a barrier to flock infection in a 

commercial setting.  Thus nothing has been identified that could be invested in 

to deliver more Campylobacter free flocks or raise the standard of dressing 

systems.  A real hard focus on consistent practices and review of data to 

identify geographical connections may deliver further reductions in 

campylobacteriosis.  Caecal sampling of flocks might identify a problem, but it 

would be a problem without a solution as the poultry industry does not 

currently have any practical answers for farm improvements. 

Although the biggest improvement would come from focus on primary 

processing, other avenues need to be targeted as well such as:  retail 

companies doing their own packaging, food outlets – their quality and 

knowledge of food handling, and the Food Bill which is still not an Act yet, the 

effectiveness of Food Control Plans for retail outlets.  There are other 

interferences such as the fact the market is now showing preference for free 

range chicken.  As we know free range is impossible to manage as far as 

exposure of flocks to Campylobacter goes.  Free range product has increased 

from 1.5% to 4.9% of chicken sold. 

Practically speaking the ‘bang for the buck is at processing’; there is no magic 

bullet with vaccines or bacteriophages .  Industry has been waiting for several 

decades for this hope to eventuate, and is still waiting.  It is internal 

communication at the processing level and responses to the Campylobacter 

Performance target (CPT) that will make the difference. 
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The biggest driver for the poultry industry will continue to be measurement of 

compliance afforded by the NMD targets that will spur industry to maintain a 

consistent standard of biosecurity on farm and in processing. This will drive 

future improvements.  It is of the highest importance to ensure all industry 

players, small or large, are participating and that the regulator is involved at 

the Campylobacter Response Team level and in partnership with industry to 

develop initiatives for improvements.  The other key point is research for 

measures that are practically applicable in a commercial context.” 

Recent studies 

Recent studies conducted in the UK highlight the importance of focus on-farm 

biosecurity measures. One study examines farmer attitude to the adoption of on-farm 

biosecurity measures (Fraser et al., 2010).  The issue is management of diseases 

carried in livestock that do not cause any clinical disease in livestock, but can cause 

disease in humans.  One example of this is Campylobacter where there is no 

immediate incentive for the farmer to manage a disease agent that does not cause 

disease in the farm bird. The study undertaken found that farmers were willing, and 

in many cases had already adopted biosecurity/sanitation measures, but ‘between 

batch biosecurity’ and ‘stopping thinning20’ had not been adopted by the majority of 

farmers surveyed.  

Fraser et al. reported the cost estimated for ‘cleanliness biosecurity’ was low while 

‘between batch biosecurity’ and ‘thinning’ were high cost.  The other point noted was 

that farmers were less likely to have freedom of choice on thinning in broiler flocks as 

this was likely to be controlled by the ‘head office’.  The authors noted that there 

would be a considerable impact on profit to implement all three biosecurity 

measures; (1) cleanliness biosecurity; (2) between batch biosecurity; and (3) 

thinning, to safeguard human health.  The measures carried tangible costs for no 

tangible benefit to the farmer.   The authors conclude that to ensure food safety the 

perception of farmers needed to be addressed, and subsidies and/or penalties may be 

needed to ensure adoption of measures known to reduce the risk (Fraser et al., 

2010). 

                                                        
20 ‘Thinning’ is the practice of partial harvesting based on the age and weight of the birds in a shed.  
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Conclusions 

The Campylobacter epidemic in New Zealand has been brought into check by poultry 

industry actions undertaken to achieve the targets of a compliance programme.  

There are costs associated with this programme that have been borne by industry.  In 

a normal commercial environment the capital expenditure associated with reducing 

the level of Campylobacter on poultry carcasses at the end of slaughter and dressing 

would not have been invested.  Neither could the effectiveness of the health outcomes 

have been predicted at the time.  This thesis shows the benefit:cost ratio of the capital 

investment in retrospect.   

The preceding NMD programme with only E. coli and Salmonella testing 

requirements did not have any significant effect on industry practices related to 

Campylobacter.  “On farm” did it for Salmonella biosecurity, but these feed/hatchery 

and on farm biosecurity changes seemed to do nothing for Campylobacter.  It was 

changes during primary processing from crates used to carry the birds, equipment 

maintenance, evisceration procedures, chlorination levels in spin chill, use of 

interventions, smarter procedures and attention to detail of good management 

practice that worked for Campylobacter.   

New Zealand’s campylobacteriosis epidemic had been identified as largely a 

foodborne disease, with poultry as a significant part of the problem.  To fix the 

problem the level of Campylobacter contamination of poultry carcasses at end of 

slaughter and dressing needed to be measured.  The NMD was/is useful in 

monitoring production every processing day with the data being submitted to the 

regulator.  Industry then re-evaluated investment in interventions or upgrading of 

processor with the intention of improving hygienic standards.  At the time their 

investments were made neither they nor the regulator could have anticipated that it 

would make such a considerable difference to the number of Campylobacter 

notifications.     

The results of the Cost Benefit Analysis given in this chapter are very positive 

showing a good return to society from the combined efforts of the industry and the 

regulator. Thus even making allowances for the difficulties in getting accurate cost 

data, and recognising that savings from reduction on non-health indirect costs (also 
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termed as ‘indirect non-health-care costs’ by other authors) are probably over-

estimated substantially when using the Human Capital method approach, the 

economic CBA clearly demonstrates that the intervention was beneficial to New 

Zealand. 

A clear positive linkage between the industry and regulatory cost of compliance and 

the internal social benefit to the New Zealand economy has been demonstrated.  By 

addressing the primary source of this foodborne disease a more economically 

efficient outcome in the reduction of disease has been achieved.  Further significant 

reductions in the disease burden can be expected if further focus and investment can 

be undertaken by the poultry industry in collaboration with the regulator.  
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Chapter 6 Case Study 2: Costs of E. coli O157 compliance measures to 

secure market access to major overseas markets 

 

Primary industry is of great importance to the New Zealand economy, bringing 

substantial economic benefits.  The red meat industry sector as a whole (total 

outputs) contributes more than $7 billion to the economy annually (Statistics, 

"Components of Gross Domestic Product By Industry," 2011).  The red meat industry 

is a significant sector in New Zealand.  This chapter will demonstrate the importance 

of a compliance programme that affords market access, thus adding value to the 

economy as a whole with potential for a better standard of living and better health 

prospects per capita. 

Introduction 

The E. coli O157 programme is undertaken in New Zealand to retain market access 

for beef and veal to the USA.  This is in contrast to the poultry NMD Campylobacter 

programme which was developed to curb the epidemic of campylobacteriosis in New 

Zealand.   E. coli O157 contamination is very low in New Zealand beef and STEC 

human cases in New Zealand (all causes) are very low at 3.3 per 100,000 in 2009, 

with no cases associated with red meat consumption (Dufour, 2011).  Meeting high 

New Zealand standards assures the USA that our product is fit for purpose.   

Firstly the E. coli O157 compliance programme is principally in place to meet the USA 

requirements for market access.  The implementation of the n60 programme in the 

USA is expected to return health benefits in the USA.  However New Zealand does not 

have any cases of E. coli O157:H7 associated with consumption of beef or bobby veal.  

There are New Zealand standards of hygienic slaughter and dressing and further 

processing to be met by operators of beef and bobby calf premises as part of their 

RMP.  These standards are designed to minimise the risk to the consumer of 

foodborne pathogens; the E. coli O157 programme is additional to these standards.  

The E. coli O157 testing applied in New Zealand is an additional cost that does not 
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add any further direct health benefit to the New Zealand consumer or those in other 

markets, as the product is already fit for human consumption. 

The  commercial imperative of meeting USA market access requirements is derived 

from internal concerns in the USA where consumption of undercooked hamburger 

patties has been implicated in E. coli O157 outbreaks in 1993 and 2002 (EHA 

Consulting Group Inc., 2011) and more recently that of frozen beef patties (Daniel 

Engeljohn, FSIS, USDA November 2011).   E. coli O157:H7 can cause disease at a very 

low dose; however most people recover in 5 to 10 days.  In a few instances it can lead 

to severe diarrhoea then haemolytic uraemic syndrome (HUS), leading to severe 

renal damage followed by death, or life long support in one third of HUS cases.  Such 

rare but severe consequences are enough for E. coli O157 in beef or veal in the USA to 

be deemed an adulterant (EHA Consulting Group Inc., 2011).  But in New Zealand the 

implementation of a programme meeting the USA public health requirements does 

not lead to any discernible reduction in health burden in New Zealand.  The gain to 

New Zealand from compliance with USA extra requirements of the E. coli O157 

programme is the increase in wealth to our economy generated from the protection 

of access to the USA, and other overseas markets. 

Background on sampling for the E. coli O157 testing programme 

The E. coli O157 (STEC)21 market access programme for bulk manufacturing beef, 

including bobby calf product22 commenced in 1998 with a sampling programme 

dovetailing with the NMD bulk meat sampling programme for bovine and bobby calf 

bulk manufactured product.  This entailed collecting five approximately 10g samples 

from the four corners and centre of five cartons just before strapping and labelling; a  

total of approximately 50 grams of meat per carton, about 250grams altogether.  The 

same 250gram total sample collected for the NMD programme Aerobic Plate Count 

(APC), generic E. coli and Salmonella analyses could be utilised for the E. coli O157 

analysis .  This became known as ‘n5’ sampling in New Zealand; five cartons with five 

sites sampled in each carton. 

                                                        
21 The acronym STEC, meaning Shiga toxin producing E. coli (which includes the E. coli O157 serotype), 
will be used to represent the E. coli O157 market access programme throughout this chapter. 
22 Beef is meat from adult cattle, and bobby calf product is meat of bobby calves otherwise known as 
veal. 



76 
 

The sampling requirements for STEC changed dramatically in 2008, when a different 

set of sampling parameters was required by the USA following research in the USA by 

the FSIS indicating that bulk meat sampling needed to be more surface focussed to 

ensure recovery of the pathogen of concern.  This led to a new set of sampling 

protocols specifically for STEC, known as ‘n60’ sampling, being required.  Five surface 

samples from five sites in each carton, from 12 cartons delivering a total of 60 

samples. 

Costs to industry of the new sampling programme 

The costs to industry from 20 January 2008 included increases in costs of the 

sampling programme itself, and the increased number of false positives which led to 

greater consignment hold ups.  This cost was reduced by a more accurate form of 

testing introduced later the following year (2009). 

Information received from the meat industry 

A request for the costing of the bulk manufactured beef and bobby calf product n5 E. 

coli O157 compliance programme that was used from 1998 until February 2008 was 

made to the Meat Industry Association of New Zealand.  The request was for costs 

from the n5 programme from January 2007 until end of December 2007 to be 

compared with the n60 programme utilised from February 2008, for which costs 

from January 2009 until end of December 2009 were requested. 

A questionnaire regarding component costs of the E. coli O157:H7 microbiological 

compliance programme for USA Overseas Market Access Requirements (OMAR) was 

developed with advice from the MIA.    All operators that are participants in the E. coli 

O157 programme for market access to the USA will manage ‘US listed premises’.  In 

2007 there were 43 US listed bovine and/or bobby calf premises, and 41 in 2009 

(participants recorded by MAF). 
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Table 19: Meat industry questionnaire 

 

The meat industry questionnaire included costs associated with implementation of 

the National Microbiological Database requirements related to the E. coli O157 

programme, sampling costs, and inspection costs of routine testing.  When a screen 

positive is confirmed the product concerned must be diverted to markets other then 

the USA or markets specifying USA standards.  This generally incurs a loss as the USA 

market is a high return market.  Any difficulty in meeting supply agreements to the 

USA because of confirmed positive results can also lead to loss of confidence and lack, 

or reduction of future orders.  Such losses can be referred to as ‘lost market 

opportunity’ as above in question 11.2.   

N5; the costs of the n5 programme in 2007 (Jan - Dec) Summarised for cost table

4
Cost of coordinating programme activities including NMD Controller responsibilities re the O157 programme. Coordination

5
Staff training; internal, with laboratory, and with regulator (Certified Trainer courses), maintenance of records. 

There are no on-site labs for O157.  Looking just at costs of maintaining staff training and time to collect O157 

samples.  Plus contractual arrangements with the O157 labs. Onsite tracking assessment. Training

6 IT facilities (NMD portal, industry IT for data analysis) Was established for original system. IT

7
Review of results, communication with processing regarding O157 results, instituting responses.  People's 

time, charge out rate. Compliance and Bobby Calf Meetings. Review of results

8 SAMPLING

8.1 Storage of samples on site: cost of refrigerators, fresh/frozen sample storage, training of stores personnel. Pre 

Cool period and packing.

8.2
Developing and maintaining courier arrangements to ensure 24 – 30 hours from time of sampling requirements 

are met. 

8.3
Weekend and post 4pm Sampling times. Special delivery of samples when couriers are unavailable. Service 

cost.

8.4
Sampling equipment and calibration, including temperature calibration of samples at time of sampling and in 

transit. Time and equipment.

8.5 Frozen retest sampling costs. Overall number of frozen retests and time (legitimate estimate of sampling time 

associated with each set of frozen retest).  Sampling 

 Including 

frozen retests 

9
Cost of laboratory analysis and establishing a client relationship with the laboratory as per NMD Notice 2009. 

Take care not to double up with 5. Laboratory analysis

10 INSPECTION

10.1
Inspection costs related to the microbiological programme; inspections of processing room; carcasses on 

entry, bulk packaging and labelling, containment of samples and the consignment for review/disposal if 

required.  Plant personnel associated

10.2 NZFSA VA costs paid for by industry for inspection and containment, and product release. Inspection costs

11
COST OF POSITIVE TEST RESULTS, LOST MARKET OPPORTUNITY

11.1 Consignment hold up cost.

11.2 Cost of lost markets if positive is confirmed, compared to market access if product did not require testing.

Revised To review the E. coli  O157 n60 sampling 2009 (Jan - Dec)

11.1 PRODUCTION FIGURES Bovine bobby calf

Total number of consignments tested (total number of screen tests)

Total amount of bulk product to US (tonnes) 

Total value FOB to US (NZ$)

11.2 SCREEN TEST RESULTS

Total number of days screen positive product was held up awaiting result confirmation

Cost per day held up (extra storage, transport, labour etc)



78 
 

The response rate from operators was low which is to be expected from mail surveys 

and would have been inhibited by commercial considerations.  Results of n5 and n60 

sampling programmes were received from 11 operators, but only six operators (14 

percent of all operators) presented comprehensive costings and/or production 

information. These six will be referred to as companies A, B, C, D, E and F.   One 

further operator of the 11 contributed figures for the cost of lost market opportunity 

along with two of the six just mentioned.  See Appendix 2 – Red meat industry costs.  

On review of the costing received it was apparent, to avoid confounding factors, that 

only questions 4 to 10 were directly related to the sampling.  Ten laboratories were 

LAS approved for E. coli O157 screen testing in 2007 and 2009.   All confirmatory 

testing is undertaken by ESR.  The LAS approved laboratory undertaking the initial 

screen test sends a portion of the enrichment broth phase of the screen test to ESR 

for confirmatory testing.  The cost of confirmatory testing undertaken at ESR is 

assumed to be included in the laboratory testing costs.  The industry was very 

sensitive to revealing how many screen positive tests they may have scored in 2007 

and 2009, thus the laboratory costs were not subdivided into screen testing and 

confirmatory testing categories. 

Comprehensive E. coli O157 programme costs from 2007 and 2009 were received 

from five premises: premises A, B, C, D and E. 

Table 20: Comparing premises n5 and n60 E. coli O157 programme costs 

 

2007 n5 sampling A B C D E

4 Coordinating $3,000 $0 $0 $1,250 $4,640

5 Staff training $2,864 $0 $5,095 $4,270 $5,093

6 IT $0 $0 $0 $0 $0

7 Review $1,000 $0 $0 $1,750 $1,040

8 SAMPLING $3,963 $6,729 $10,445 $6,680 $1,832

9 Lab analysis cost $10,513 $8,056 $32,715 $15,270 $7,800

10 Inspection of positives $300 $0 $0 unsure $0

TOTAL $21,640 $14,785 $48,255 $29,220 $20,405 $134,305

Company:

2009 n60 samping A B C D E

4 Coordinating $3,000 $1,469 $0 $1,600 $5,200

5 Staff training $10,520 $5,048 $8,425 $5,260 $11,196

6 IT $0 $0 $0 $0 $0

7 Review $1,000 $1,469 $0 $2,400 $1,092

8 SAMPLING $5,990 $13,651 $10,485 $10,650 $1,303

9 Lab analysis cost $18,000 $20,520 $32,715 $17,350 $18,200

10 Inspection of positives $600 $0 $0 $0 $0

TOTAL $39,110 $42,156 $51,625 $37,260 $36,991 $207,142

                Percentage increase 54%
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If the costs of the sampling were directly proportional to the number of cartons 

sampled, costs would have been expected to have increased by 140% (from 5 to 12 

cartons).  The costs from 5 companies, A to E, totalled a 54% increase in the STEC n60 

programme costs from the n5 programme without accounting for the number of 

production days, tonnes of product produced, or number of consignments rejected 

for the USA market because of confirmed positive results at each premises in 2007 

and 2009.   

Comparison of consignment hold ups between n5 and n60 sampling 

With permission from the MIA, I looked at the MAF national E. coli O157 database and 

compared the total number of screen positives in 2007 that were confirmed negative 

(false positives) with those in 2009 following the introduction of the new n60 

sampling technique.  The 54% increase in the cost of applying the n60 sampling 

programme, evident from companies A-E comparative costs represented in Table 20 

above, is insignificant compared to the costs of consignment delays, and lost market 

opportunities due to the increase in the number of detections. 

The new n60 sampling technique was designed to gather more meat surface material 

to which the microbes cling, rather than unexposed bulk matter.  The new n60 

sampling technique gathered a greater surface area, thus increased the potential for 

detection of E. coli O157 on product by harvesting more surface microbes.  However 

in practice in New Zealand the new n60 sampling technique led to a higher 

percentage of false screen positive results, thus more product that was a true 

negative was held up by false positive screen test results. 

My assumption is that, apart from the new sampling programme, there were no other 

significant changes implemented by industry in their processing techniques for either 

bovine or bobby calf processing.  No interventions were applied in the slaughter and 

dressing procedures for bovine.  For bobby calf no additional interventions, over and 

above those already undertaken, were required for the new sampling programme. 

Table 21 below summarises the changes in consignments delayed (for the whole 

industry) following implementation of the n60 programme.   
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Table 21: Consignment delay; a comparison between n5 (2007) and n60 (2009) sampling , all industry 
figures 

 

Figures from the MAF national E. coli O157 database with permission from MIA 

In Table 21 above the proportion of consignments delayed increased by 12.5 

percentage points for bobby calf, and 0.29 percentage points for bovine.  Although the 

bovine figures seem low this is of significance when the volume and value of the beef 

consignments is recognised.  Overall there were 63 consignment hold-ups in 2007, 

compared to 212 in 2009, an increase of 236 percentage points following the change 

in sampling methodology. 

Costs of consignment delays were supplied by companies C, D and E for bovine, and 

companies C and F for bobby calf further processing. This provides a perspective of 

the impact of the new sampling programme at the level of the firm in addition to the 

whole of industry perspective represented above.  Table 22 below summarizes the 

costs of the consignment delays, and demonstrates an increase in industry costs, 

more particularly for bobby calf product, following the application of the n60 

programme.   However the numbers are not robust as only four companies 

contributed costs and consignment details.   

No information on the cost of lost market opportunities was provided by companies 

C, D, E and F.  Very few replies were received regarding lost market opportunity, see 

Table 30 in Appendix 2.   However the figures provided by the three different 

BOBBY CALF BOVINE

n5 sampling 2007 n5 sampling 2007

Quarter

Cartons 

tested 

Number of 

consignments

Consignments 

delayed Quarter

Cartons 

tested 

Number of 

consignments

Consignments 

delayed

1Q2007 5 1 0 1Q2007 9176 1836 10

2Q2007 55 11 0 2Q2007 9792 1959 6

3Q2007 4845 969 37 3Q2007 5190 1038 2

4Q2007 950 190 4 4Q2007 7700 1540 4

Total 5855 1171 41 Total 31858 6373 22

Proportion of consignments delayed 3.50% Proportion of consignments delayed 0.35%

BOBBY CALF BOVINE

n60 sampling 2009 n60 sampling 2009

Quarter

Cartons 

tested 

Number of 

consignments

Consignments 

delayed Quarter

Cartons 

tested 

Number of 

consignments

Consignments 

delayed

1Q2009 nil nil nil 1Q2009 23112 1926 4

2Q2009 84 7 1 2Q2009 26484 2207 8

3Q2009 11184 932 151 3Q2009 12696 1058 16

4Q2009 1776 148 17 4Q2009 18480 1540 15

Total 13044 1087 169 Total 80772 6731 43

Proportion of consignments delayed 15.55% Proportion of consignments delayed 0.64%
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companies indicate less market loss was generated in 2007 than in 2009 which is 

consistent with both the ‘all industry’ figures and the premises costings represented 

in Tables 21 and 22. 

Table 22:  Premises costings related to consignment delay 

 

Note: ‘Free on board’ (FOB) means that the risk and ownership transfers when the product crosses the 

ship’s rail, and insurance and freight are the responsibility of the purchaser (New Zealand Trade and 

Enterprise, 2010) . 

The above data from companies C, D, E and F demonstrates comparable increases in 

costs to the ‘all industry’ figures.  A much greater impact is evident in bobby calf 

processing, but the impact in bovine is still significant relative to the amount of 

product produced. 

Total industry costs 

As 5 premises contributed information of the E. coli O157 programme costs and there 

were about 45 premises exporting to the USA in 2007 and 2009 the total industry 

cost can be roughly estimated by multiplying figures in Table 20 by a factor of 9.  

Comparing sampling technique sensitivity; n5 versus n60 with same screen tests

Company:

Production figures C D E C F

n5 2007 Bovine Bovine bovine bobby calf bobby calf

Consignments tested 260 152 163 58 74

Bulk product to US (tonnes) 23,004 6,362 not provided 805 not provided

FOB to US (NZ$) $101,181,000 $32,143,577 not provided $3,738,000 not provided

Days consignments held up 0 10 0 8 67

Cost per day $0 $400 $0 $20,000 not provided

Consignment hold-up cost nil $4,000 nil $160,000 not provided

% FOB 0.5% 4.3%

Company:

Production figures C D E C F

n60 2009 Bovine Bovine bovine bobby calf bobby calf

Consignments tested 258 185 191 65 80

Bulk product to US (tonnes) 18,900 6,575 not provided 566 not provided

FOB to US (NZ$) $94,152,000 $31,244,311 not provided $2,922,000 not provided

Days consignments held up 0 10 4 48 90

Cost per day $0 $500 not provided $30,000 not provided

Consignment hold-up cost nil $50,000 not provided $1,440,000 not provided

% FOB 4.6% 49.3%

Difference in days held up 0 0 4 40 23
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 Cost of n5 programme; $134,305 *9 =  $1.2m in 2007 

 Cost of n60 programme; $207,134*9 = $1.9m (assumed to be in current 

dollars) in 2009, an additional $0.7m 

From Table 22 the costs for consignment delay can be estimated.  Where industry has 

not provided a cost per day the extra storage, freight charges for consignment delays 

can be roughly estimated using $1,000 as a default cost of hold-up per day, which 

scales up to $1054 by CPI for 2009.  The figure of $1,000 was quoted by one industry 

contributor (premises 4, see Appendix 2).  Reviewing the costs of consignment hold-

up in Table 22 and multiplying by a factor of 9 to represent the consignment hold-up 

cost for the whole industry: 

 2007 pre n60 (the original n5 programme); 

(0+$4,000+0+$160,000+$67,000)*9 = $2.1m 

 2009 n60; (0+$50,000+$4216+$1,440,000+ $94,860)*9 = $14.3m 

 

The cost of lost markets if a positive is confirmed can be compared to market access if 

product did not require testing.  This loss is estimated at approximately $100,000 per 

premises in 2007 (from information supplied by three industry participants, see 

Appendix 2).  For comparative purposes this would be $100,000 in 2007 with 43 

premises is $4.3m and adjusted for inflation in 2009 to $105,400 with 41 premises is 

$4.3m. 

Table 23: Rough estimate of total industry costs for the E. coli O157 programme 

 

The total extra costs of the n5 and n60 compliance programmes can be compared to 

the free on board value of New Zealand exports from meat and meat product 

manufacturing.  The code used by Statistics New Zealand for meat and meat product  

43 premises 41 premises

n5 in 2007 n60 in 2009

$m $m

E. coli O157 compliance programme 1.2 1.9

Hold ups 2.1 14.3

Lost market opportunity 4.3 4.3

Total extra costs 7.6 20.5
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manufacturing is CC11; however there were no codes specific to bulk manufactured 

beef or bobby veal to the USA.  The following codes were selected as representative of 

bulk manufactured beef and bobby veal exported to USA (free on board): 

 
 

Table 24: Harmonised trade – New Zealand exports – year ended December in current dollars 

 

Source: Statistics New Zealand. 26 July 2011 10:45am  

The small proportion of loss relative to gain of sale to the USA market makes it clear 

why the industry continues to invest in supplying the lucrative USA market.  The 

sampling programme protects the value of the market against the loss of 

contaminated product reaching the market and denial of further market access.  

However Professor John D. Brooks (Auckland University of Technology) states, with 

the low levels of detections in New Zealand beef, the E. coli O517 testing programme 

cannot improve the safety of the meat destined for this market.  The level of detection 

is about 0.02% or 1 in 5,000 cartons.  At this low level of detection testing to 

guarantee microbiological safety is impractical.  New Zealand standards would be 

met without imposing this extra cost burden upon industry, of a compliance 

programme that delivers no food safety gain (Brooks, 2011, p. 30).   My rough 

estimate above of the extra cost imposition of the E. coli O157 programme for no food 

safety gain is $7.6m in 2007, and $20.5m in 2009.  This is money that would be far 

better spent in other avenues. 

0201300001 Meat; of bovine animals, beef cuts according to the NZ Meat Producers' Board definition, of cow, steer and heifer, boneless, fresh or chilled

0201300009 Meat; of bovine animals, beef cuts other than according to the NZ Meat Producers' Board definition, of cow, steer and heifer, boneless, fresh or chilled

0201300011 Meat; of bovine animals, boneless cuts of bull, fresh or chilled

0201300021 Meat; of bovine animals, boneless cuts of veal (bobby), fresh or chilled

0201300029 Meat; of bovine animals, boneless cuts of veal (other than bobby), fresh or chilled

0202300001 Meat; of bovine animals, beef cuts according to the NZ Meat Producers' Board definition, of cow, steer and heifer, boneless, frozen

0202300009 Meat; of bovine animals, beef cuts other than according to the NZ Meat Producers' Board definition, of cow, steer and heifer, boneless, frozen

0202300011 Meat; of bovine animals, boneless cuts of bull, frozen

0202300021 Meat; of bovine animals, boneless cuts of veal (bobby), frozen

0202300029 Meat; of bovine animals, boneless cuts of veal (other than bobby), frozen

Quantity FOB

2007 2009 2007 2009

United states of America 168.7 165.1 684 724

Total for all countries 318.5 329.9 1463.9 1719

Proportion to USA 53% 50% 47% 42%

Millions kg $m

By volume By value $m
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The USDA are developing procedures for detection and isolation of non-O157 STEC 

serogroups, including O26, O45, O103, O111, O121 and O145 (FSIS and USDA, 2011).  

The serogroups named are commonly referred to as the “big six”. The “big six” have 

been classed as adulterants as E. coli O157:H7 currently is. The nonO157 STEC 

(nSTEC) programme testing the ‘big six’ in addition to the existing testing for E. coli 

O157 is being introduced as an extra market access compliance programme for beef 

and bobby calf bulk manufactured product to USA as of 4 June 2012.   

Professor Brooks outlined the problem of the time it takes for the initial sampling and 

testing to be conducted, and further delays in confirmation if there is a positive initial 

result (Brooks, 2011, p. 32).  The time for results and confirmation of screen positives 

adds cost in terms of storage and consignment continuity.  This of course must be 

balanced against the need to protect public health by providing safe food. The 

imposition by USA of measures to meet problems identified in the USA health system 

may cause costs to New Zealand disproportionate to the risk associated with these 

organisms in New Zealand.  The sampling programme for E. coli O157 coupled with 

the NMD programme for red meat is already used for this purpose, along with 

specific research projects (generated by MAF) independent of routine testing 

programmes.   

Comparing consignment hold ups following improvement of method of analysis 

Following research (Mills et al., 2009) conducted on behalf of NZFSA, in November 

2009 a new, molecular biology polymerase chain reaction (PCR) technique with the 

brand name GDS (Genetic Detection Systems) replaced the Vidas, Tecra, BAX MP, and 

Reveal screen testing which had been utilised since 1998 (except BAX MP which was 

introduced as a screen test option by 2006).  GDS was a more sensitive technique 

(Webb, Bain and Pirozzo, 2005, p. 296), reducing the number of false positive results.  

 To demonstrate the reduction in consignment delays following the introduction of 

GDS, the n60 data from October 2008 until the end of September 2009 was compared 

with data from the 2010 year.  The 4th quarter 2009 has been excluded as both the 

old screen testing and the GDS were used during this period; GDS commencing in 

November 2009.  Table 25 (all industry participant figures) below demonstrates that 
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with the use of a more accurate method of analysis the number of consignment hold 

ups in both bobby calf and bovine were reduced.  

Table 25: Consignments delayed prior to GDS (2008/2009) and post GDS (2010), all industry figures 

 

Figures from the MAF national E. coli O157 database with permission from MIA 

Costs of consignment delays before and after GDS were supplied by company C for 

bovine and bobby calf processing, and company D for bovine processing only.   

Table 26: Reduction in cost of consignment hold ups post GDS 

 

Screen tests prior to GDS Screen tests prior to GDS

BOBBY CALF BOVINE

Twelve months from fourth quarter 2008 to end of 3rd quarter 2009 Twelve months from fourth quarter 2008 to end of 3rd quarter 2009

Quarter

Cartons 

tested 

Number of 

consignments

Consignments 

delayed Quarter

Cartons 

tested 

Number of 

consignments

Consignments 

delayed

4Q2008 1836 153 37 4Q2008 19524 1627 12

1Q2009 nil nil nil 1Q2009 23112 1926 4

2Q2009 84 7 1 2Q2009 26484 2207 8

3Q2009 11184 932 151 3Q2009 12696 1058 16

Total 13104 1092 189 Total 81816 6818 40

Proportion of consignments delayed 17.31% Proportion of consignments delayed 0.59%

Screen tests with GDS Screen tests with GDS

BOBBY CALF BOVINE

Twelve months of 2010 Twelve months of 2010

Quarter

Cartons 

tested 

Number of 

consignments

Consignments 

delayed Quarter

Cartons 

tested 

Number of 

consignments

Consignments 

delayed

1Q2010 nil nil nil 1Q2010 22188 1849 12

2Q2010 108 9 0 2Q2010 26328 2194 3

3Q2010 9492 791 16 3Q2010 11592 966 2

4Q2010 1920 160 3 4Q2010 18072 1506 1

Total 11520 960 19 Total 78180 6515 18

Proportion of consignments delayed 1.98% Proportion of consignments delayed 0.28%

Screen test methods before GDS - 2008/2009 Screen test methods after GDS - 2010

October 2008 - end of September 2009 January 2010 - end of December 2010.

Company: Company:

C D C C D C

PRODUCTION FIGURES Bovine Bovine Bobby calf Bovine Bovine Bobby calf 

Consignments tested 258 not provided 65 245 not provided 48

Bulk product to US (tonnes) 18,900 T 6,362 T 566 T 20,175 T 6,066 T 430 T

FOB to US (NZ$) $94,152,000 $32,143,577 $2,922,000 $103,202,000 $31,709,835 $1,992,000

Days consignments held up 0 10 48 0 0 20

Cost per day $0 $2,000 $30,000 $0 $0 $35,000

Consignment hold-up cost nil $20,000 $1,440,000 nil nil $700,000

% FOB 0.06% 49.28% 35.14%

0 -10 -28

                          Due to the fourth quarter 2009 being a crossover period it is excluded

Difference in days held up
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Table 25 summarizes the costs of the consignment delays before and after GDS, 

highlighting that costs have been much reduced following the application of GDS for 

analysis from $1.6m in 2007 compared to $0.7m in 2009 in total for these two 

premises. 

The benefit; contribution to New Zealand GDP 

The proportion of the New Zealand GDP contributed by bulk manufactured beef and 

veal to the USA in 2007 can be estimated.  The GDP represents the country’s earned 

income from production in New Zealand and is the official measure of economic 

growth (Statistics New Zealand). 

From Table 24 the FOB values of bulk manufactured beef and bobby veal export to 

the USA were $684m in 2007 and $724m in 2009 in current dollars.  The New 

Zealand export of goods totals were $38,717m to the year ended March 2008 and 

$40,092m to year ended March 2010 (Statistics, "External account," 2011).  The 

proportion contributed to New Zealand export receipts by bulk manufactured beef 

and bobby veal to the USA was 1.7% in 2007 and 1.8% in 2009. 

The FOB values for export to the USA can be compared with the National Accounts 

Year end March 2011 figures released by Statistics New Zealand on 18 November 

2011 which included ‘Components of Gross Domestic Product By industry’ in current 

prices for the first time (Statistics, "Components of Gross Domestic Product By 

Industry," 2011). 

 year ended March 2008 was $183,416m, and  

 year ended March 2010 was $186,371m; a small increase due to the economic 

downturn from the end of 2008. 

Thus using the FOB figures and an expenditure approach, the upper bound of the 

contribution of red meat manufacturing calculates to 0.4% of GDP.  This is a very 

substantial contribution. 
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The following information from Meat Industry annual report for 2007/08, to May 

2008, (MIA, 2008) is given to highlight the composition of total red meat exports: 

 Total export was $5.5b (73% of total industry output); 

 Composed of $1.6b beef,  $2.6b sheepmeat, and $1.2b co-products and by-

products (offals, casings, tripe, hides and skins, meat and bone meal and 

tallow); 

 USA beef was valued at $743m making up 44% of beef exports in 2007/08. 

CC11 Meat and Meat Product Manufacturing contributed $1,865m/$183,416m, or 

1.0% of GDP to year ended March 2008, of which beef exports to the USA made up a 

significant portion.  The key target of industry is to remain in business to produce a 

safe food supply.  New Zealand industry is in a good position for supplying the USA, 

other countries may be less so. 

The health benefit of commercial activity 

The red meat sector released the Red Meat Strategy in May 2011.  This report 

highlights the importance of maintaining market access to generate commercial 

activity in New Zealand which in turn generates wealth. Real GDP growth is expected 

from the Red Meat Strategy (Deloitte, 2011), with increased export value and 

increased productivity per hectare leading to an increase in New Zealand’s wealth 

and living standards.  

The above GDP figures, and high value of beef exports to USA demonstrates the 

importance of market access in effecting potential health benefits (Cornia, 2001) 

indirectly from “significant flow-on to the wider agricultural sector and the economy 

as a whole” (Spencer, 2011, p. 28).   
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Chapter 7 Discussion and conclusions 

 

This thesis demonstrates the economic benefit to New Zealand of food safety 

regulation for two case studies.  The inspiration for this work came from my 

observations of (1) the impact of a domestic compliance programme on the reduction 

in the incidence of campylobacteriosis in New Zealand, and (2) knowing that this 

programme had been derived from one used by the New Zealand meat industry for 

market access for beef to the USA since 1997.  These compliance programmes incur 

extra costs to the regulator and to industry; either to remain in business to supply the 

domestic market, or superimposed to maintain market access.  These extra costs 

have been estimated in this thesis, perhaps for the first time.  Tension, of course, 

exists for industry in incurring additional costs with no certainty in recovering these 

in increased prices to consumers.  I do not explore this further in this thesis.  

The above observations led me to examine the economic justification of two 

regulatory interventions quite different in nature.  Case Study 1 on food safety in the 

poultry industry, estimates the health benefits where preventative measures applied 

at primary industry level have effectively substantially reduced a foodborne disease 

epidemic of campylobacteriosis in New Zealand.  In the second case study the E. coli 

O157 compliance programme necessary to secure market access to the USA beef/veal 

market is analysed.  E. coli O157 is not a significant problem in New Zealand.  Access 

to overseas markets is, however an issue.  The returns from this market to the New 

Zealand economy are substantial.  

Case Study 1 

Case study 1 focuses on the value of preventative measures at the primary industry 

level to reduce disease.  The measures taken by the poultry industry that have proved 

so effective take us on a journey not just from ‘farm to plate’, but from ‘poultry farm 

to health’. 
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The problem was a rising epidemic of campylobacteriosis in New Zealand 

commencing in the 1980’s with numbers around 300 and reaching a peak of 15,873 

reported cases in 2006.  At the time it seemed there was no end in sight to the 

increase in cases.  The solution was the poultry NMD Campylobacter food safety 

compliance programme applied by the poultry industry from 2007.  This led to a drop 

in reported cases of 58% from 15,873 in 2006 to 6,694 in 2008; health costs are 

believed to have dropped proportionately. 

To understand the costs involved I began by reviewing the regulatory microbiological 

compliance programmes applied by the poultry industry.  The NMD compliance 

programme originally used by the red meat industry for market access to the USA 

and EU was voluntarily adopted by the poultry industry in 2001 to provide 

comparative data on hygienic slaughter and dressing.  The NMD required testing for 

generic E. coli and Salmonella which was thought to be sufficient to monitor enteric 

pathogens in general, including Campylobacter, at the time.  But measures adopted to 

successfully reduce Salmonella had no impact on Campylobacter contamination of 

carcasses, and thus no impact on campylobacteriosis incidence in humans, which 

continued to rise.  

In August 2006, the NZFSA (the regulator; now within MAF) was developing the 

Campylobacter Strategy.  Soon after this, in early 2007, initial research findings 

identified that the consumption of poultry meat was related to 50% of Campylobacter 

cases.  The poultry industry began looking into specific measures to address 

Campylobacter contamination.  By April 2008 a Campylobacter performance target 

had been developed by the regulator.  Over this period the poultry industry had been 

developing interventions based on a series of activities that reduced the pathogen 

loading on the bird on farm and through processing.  Any intervention incurs a cost to 

the processor, such as increased operating costs, research costs and capital 

investment.  It is unlikely that industry would have undertaken such investments in 

the absence of the regulatory compliance programme. 

Consumer demand for poultry was unaffected as it is a principal source of affordable 

protein.  Sales had in fact increased and remained high from 2004.  There had been 
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no product withdrawals. However, from 2007 there was a business impact in meeting 

the new compliance standards, and some poultry premises shut down.    

The immediate health benefit from new compliance standards applied in 2007 and 

2008 was a 58% reduction in campylobacteriosis notifications in New Zealand.  To 

evaluate this in dollar terms, an estimation of the Cost of Illness (COI) of 

Campylobacter at the beginning of 2007 was derived from recent studies.  The COI 

was estimated at $99m in 2007 dollars.  It was composed of $6.2m in total health 

costs and $93m indirect costs (lost production and loss of life using the Human 

Capital method as per Cressey and Lake 2008).  Industry costs of increased operating 

costs, including chemicals were determined to be $0.88m.  The industry’s capital 

investment was $2.014m over 2007/08.  The new compliance programme also 

imposed costs on government.  The annual additional government costs were 

estimated at $0.95m in 2009 dollars (Gadiel, 2010) or $0.89m in 2007 dollars.  It was 

difficult to obtain accurate costs from either the regulator or industry; as such cost 

detail had never been collated to contribute to Regulatory Impact Statements or 

other. 

An economic CBA using Treasury guidelines was undertaken with the following 

assumptions: (1) linear relationship between the number of cases and the estimated 

COI; (2) the benefit accrues each year; and (3) the reduction in cases is maintained by 

the compliance programme for at least 10 years (a ten year horizon). 

The CBA, on these assumptions, resulted in a strikingly high B:C ratio of 25.74, for a 

discount rate of 10% per annum and an IRR of 1,925%.  The results were not 

sensitive to changes in the discount rate.  These “too good to be true” results 

immediately invited the question; were the costs underestimated, or the benefits 

exaggerated? 

I then examined approaches to estimating indirect non-health care costs as I was 

concerned that the Human Capital method of indirect non-health care costs of 

Campylobacter could overstate the costs, and therefore the benefit from reduction in 

Campylobacter cases.  I found in the case of campylobacteriosis there are a very small 

number of fatalities and/or long-term complications.  The economic burden is in 
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actual lost days (sick leave) and lost production of a large number of people off work 

for short periods. 

To unravel the conundrum of indirect costs I first looked at assuming all indirect non-

health costs were zero.  Thus estimates are conservative in that they do not capture 

the costs associated with suffering when a person is ill with Campylobacter or health 

related quality of life, or the loss when someone dies from Campylobacter where their 

loss and the wider community’s loss will be larger than the loss of his or her earnings.  

To the extent this is true the effects of the NMD testing regime have been 

underestimated independently of other sources of under- and over-estimation.  An 

analysis was conducted applying 58% savings to $6.2m total health care cost which 

leaves a benefit of $3.6m.  Although small this still delivers an IRR of 63% and B:C 

ratio of 1.61. Again these results were not sensitive to discount rates.   This result still 

suggests a remarkable investment.  

Further analyses were conducted comparing the Friction Cost method and 

Willingness to Pay to derive COI estimates.  COI estimates were $42.2m using 

Willingness to Pay and $15.8m using Friction Cost method, with IRR and B:C ratios 

lying in between the Human Capital method and ‘health care only’ results.  More 

detailed analyses were given earlier.  Note however the Friction Cost method ratios 

were derived from Netherlands disease totals which may not necessarily be 

applicable in New Zealand circumstances.  These variations in ‘non-health’ cost of 

illness can be regarded as a form of sensitivity analysis.  For all these variations the 

results remained positive. 

To sum up an economic benefit has been clearly demonstrated by the application of a 

suitable compliance programme requiring investment by industry.   This is supported 

by recent observations that Guillain-Barré Syndrome (GBS) hospitalisations are 

significantly correlated with campylobacteriosis notifications, and have declined 

since 2007 (Baker et al., 2011).   Note that campylobacteriosis is still not eliminated 

in New Zealand.  Current levels of campylobacteriosis notifications are equivalent to 

approximately 7,000 notifications per annum or 70,000 incident cases.    New 

interventions need to be identified and developed to further reduce cases.  At one 

point in this study I include relevant industry comment on steps to further reduction.  
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These will probably be applied at the farm level, and involve further improvements in 

poultry primary processing.   

Case Study 2  

By comparison to Campylobacter there were only 135 VTEC/STEC notifications to the 

end of September 2011.  E. coli O157 has low numbers of cases, is not an epidemic, 

and no cases have ever been directly related to consumption of beef or veal.  Yet 

stringent testing for E. coli O157 is a requirement for imports by USA.  Why?  The USA 

has imposed its internal public health concerns, without consideration of New 

Zealand standards.  Instead New Zealand has been applying an E. coli O157 

programme since 1997, with industry contributing in order to gain entry into the US 

market.  In Case Study 2 I determined the costs of the compliance programme and 

determined this cost was relatively small compared to the export returns.  It must be 

kept in mind that New Zealand beef/veal exports to USA must meet New Zealand 

standards before it can leave the country for export.  No further gain is being made by 

imposing this extra compliance programme; it does not lower disease in New Zealand 

and without it would not introduce disease to the USA consumer as the product is 

already meeting New Zealand standards.  The sampling programme was expanded in 

2008 following public health concerns in the USA, again not reflected in New Zealand.  

Costs were obtained of the sampling programme before and after this change. 

Unfortunately I did not receive costs from the meat industry as a whole, but needed 

to rely on a small sample from a total of about 45 participating premises.  Neither 

production figures nor a total industry summary of costs was provided.  Based on the 

cost data received from 6 premises, I was able to estimate a 54% increase in 

compliance programme costs with the new n60 sampling programme introduced in 

2008.  I then reviewed the cost of consignment hold-ups due to screen positives, and 

lower returns from supply to alternative markets. 

A new technology, the GDS (Genetic Detection System) was introduced in late 2009, 

leading to less false positive results and thus reducing the industry costs related to 

consignment hold ups. 

Case Study 2 highlighted that the E. coli O157 compliance programme is a critical part 

of market access for beef/veal to the USA, which contributes 0.4% of GDP upper 
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bound by expenditure approach.  Achieving access to such a key market benefits the 

New Zealand economy.  The total meat industry contribution to the GDP for 2007/08 

was determined to be $1,865m of $183,416m total New Zealand or 1.0% (figures 

from Statistics New Zealand National Accounts).  This contribution, as the MIA points 

out in its latest Red Meat Strategy (May 2011), is often overlooked by the general 

public and the red meat industry itself.   

To conclude I have demonstrated that two microbiological programmes applied at 

primary industry level bring worthwhile benefits to the New Zealand Economy in (1) 

the reduction of foodborne disease and (2) the retention of overseas markets.   
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Appendix 1 – poultry industry costs 

Table 27: Component costs of the Poultry E. coli/Salmonella only NMD programme April 2006 – end of 
March 2007 (Prior to the addition of Campylobacter into the NMD programme) 

 

Table 28: Component costs of the Poultry Campylobacter NMD programme April 2008 – end of March 2009 

 

 COMPANY A/NMD before  
Campylobacter 

Labour Service/cash 
cost 

other TOTAL 

1. Programme activities $600 nil nil $600 

2. Staff training nil nil nil nil 

3. IT facilities $450 nil nil $450 

4 Review of results $5400 nil nil $5400 

5. Sampling nil nil   

6. Laboratory Analysis nil $11,000 $7,280 $18,280 

    TOTAL $24,730 

 Company B/NMD before Campy Labour/Service/cash cost  

1. Programme activities $4,500   $4,500 

2. Staff training $2,500   $2,500 

3. IT facilities nil   nil 

4 Review of results $3,000   $3,000 

5. Sampling $7,000   $7,000 

6. Laboratory Analysis $27,000   $27,000 

    TOTAL $44,000 

      

   COMBINED TOTAL $68,730 

 A and B make up 70% of industry  Scaled up  $98,186 

 

 COMPANY A/NMD after 
 Campylobacter 

Labour Service/cash 
cost 

other  

1. Programme activities $1800   $1800 

2. Staff training $3,000   $3,000 

3.  IT facilities $15,600   $15,600 

4. Review of results $18,200   $18,200 

5. Sampling nil   nil 

6. Laboratory analysis $16,500  $108,030 $124,530 

    TOTAL 163,130 

      

 Company B/after Campy Labour/Service/cash cost  

1. Programme activities $12,000   $12,000 

2. Staff training $4,000   $4,000 

3.  IT facilities nil   nil 

4. Review of results $20,000   $20,000 

5. Sampling $11,500   $11,500 

6. Laboratory analysis $45,000   $45,000 

7. Responses $2,000   $2,000 

    TOTAL $97,500 

      

   COMBINED TOTAL $260,630 

 A and B make up 70% of 
industry 

 Scaled up  $372,329 
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Appendix 2 - Red meat industry costs 

Table 29: E. coli O157 compliance programme n5 and n60 costs 

 

 
 
 
 
 
 
 
 
 
 

N5 and N60 costs

A B  C D E F

2007 N5 costs premises 1 premises 2 company 1 company 2 company 4a company 3

4 Coordinating $3,000 nil nil $1,250 $4,640 not provided

5 Staff training $2,864 nil $5,095 $4,270 $5,093 not provided

6 IT nil nil nil nil nil not provided

7 Review $1,000 nil nil $1,750 $1,040 not provided

8 SAMPLING $3,963 $6,184 *$10,445 $6,680 $1,878 not provided

9 Laboratory analysis cost $21,340 $8,056 $32,715 $15,270 $7,800 not provided

10 Inspection of positives $300 nil nil not provided not provided

11 Consignments: Bovine 260 152 163

Bobby calf 58 74

Total days held up: Bovine 0 10 0

Bobby calf 8 67

tonnes bovine 23004 6362

tonnes bobby calf 805

FOB figures: bovine $101,181,000 $32,143,577

Bobby calf $3,738,000

Cost per day held up $20,000 $400

2009 N60 costs

4 Coordinating $3,000 $1,469 nil $1,600 $5,200 not provided

5 Staff training $10,520 $5,048 $8,425 $5,260 $11,195 not provided

6 IT nil nil nil nil nil not provided

7 Review $1,000 $1,469 nil $2,400 $1,092 not provided

8 SAMPLING $5,990 $13,651 *$10,486 $10,650 $1,303 not provided

9 Laboratory analysis cost $18,000 $20,520 $32,715 $17,350 $18,200 not provided

10 Inspection of positives $600 nil nil not provided not provided

11 Consignments: Bovine 258 185 191

Bobby calf 65 80

Total days held up: Bovine 0 10 4

Bobby calf 48 90

tonnes bovine 18900 6575

tonnes bobby calf 566

FOB figures: bovine $94,152,000 $31,244,311

Bobby calf $2,922,000

Cost per day held up $30,000 $500

*Removed air freight figures from sampling costs, as seemed excessive.
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Table 30: Cost of lost markets if positive is confirmed, compared to market access if product did not 
require testing.  Species were not stated. 

 

 

 

 

 

 

Table 31: Comparing test methods before and after GDS 

 

 

To review screen test methods before GDS - 2008/2009

12 months  of the 2008/2009 season October 2008 - end of September 2009 C D

Due the fourth quarter 2009 being a crossover period, it is excluded. Company 1 Company 2

PRODUCTION FIGURES Bobby calf Bovine Bobby calf Bovine

Consignments tested 65 258 N/A

Bulk product to US (tonnes) 566 T 18,900 T N/A 6362T

FOB to US (NZ $) $2,922,000 $94,152,000 N/A $32,143,577

Days consignments held up 48 N/A N/A 10

Consignment hold-up cost $30,000 0 N/A $2,000

To review screen test methods after GDS - 2010

Jan 2010 until end of Dec 2010.

PRODUCTION FIGURES Bobby calf Bovine Bobby calf Bovine

Consignments tested 48 245 N/A

Bulk product to US (tonnes) 430 T 20,175 T N/A 6066T

FOB to US (NZ $) $1,992,000 $103,202,000 N/A $31,709,835

Days consignments held up 20 N/A N/A 0

Consignment hold-up cost $35,000 0 N/A 0

Premises: Premises 4 Premises 1 Premises 2 

Year: N5 2007 N60 2009 N60 2009 

Consignment  hold-up cost $1,000 $28,000 Not stated 

Cost  if confirmed, market loss $62,891 $106,000 $106,000 


