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SUMMARY

In New Zealand Campylobacter infection rates have increased steadily since 1980, reaching a peak

in 2003 (396/100 000 population). Compared to other nations, disease rates are unfavourably high

(e.g. Australia 117/100 000 population, UK 85/100 000 population, USA 13/100 000 population).

This ecological study investigated spatial variations in Campylobacter infection rates across

New Zealand’s Territorial Local Authorities (TLAs, n=73) for the period 1997–2005. Applying

multiple linear regression, we examined whether geographical factors such as socio-demographic

characteristics, climate, land use, water and the food environment were associated with local

differences in the occurrence of Campylobacter infection rates. The results suggested significant

variations in campylobacteriosis across TLAs (average annual rates ranging from 97 to 526/

100 000 population), with higher rates in the South Island. Disease rates were associated with

lower socio-economic deprivation (P<0.01), the proportion of the population aged 25–44 years

(P<0.01) and fresh food outlet density (P<0.76). The results underline the role of area-level

characteristics in explaining the spatial distribution of campylobacteriosis in New Zealand.

In particular, the findings draw attention to the relatively unexplored role of fresh food outlets as

a potential risk factor for increased Campylobacter notifications.

Key words : Campylobacteriosis, ecological study, geographical determinants, New Zealand.

INTRODUCTION

Although different surveillance systems complicate

international comparisons, New Zealand’s rates of

campylobacteriosis are among the highest reported

rates worldwide (Fig. 1). Rates in New Zealand have

increased from 14/100 000 population in 1980, when

the disease became notifiable, to 396/100 000 popu-

lation in 2003 [1]. For this increase no conclusive

reasons have yet been clarified. While the disease is

usually self-limiting within 3–7 days, severe sequela

can arise, including reactive arthritis (1%), respirat-

ory and severe neurological dysfunctions (0.1%), or

death (0.1%) [2, 3]. Hospitalization arises in about

13% of cases [2]. The total annual economic costs

(medical and non-medical) of Campylobacter infec-

tions in New Zealand have been estimated at NZ$40

million, which is about 73% of the country’s total

economic cost of foodborne infectious diseases [4].

Regulated by the Health Act 1956 and the

Tuberculosis Act 1948, any suspected or diagnosed

case of campylobacteriosis is required to be reported
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to the local public health service. On suspicion of a

case, clinicians and general practitioners (GPs) re-

quest laboratory tests and send a notification message

to the respective public health unit (PHU) on confir-

mation of an infection. Since 2007 laboratories are

required to report test results directly to one of the 20

PHU offices across New Zealand where the national

notifiable disease database (EpiSurv) is maintained

[5, 6]. EpiSurv provides the basis for surveillance ac-

tivities including the identification and monitoring of

campylobacteriosis, the investigation of risk factors,

and the evaluation of morbidity and mortality trends.

Across New Zealand, there are distinct temporal

and spatial variations in the distribution of Cam-

pylobacter rates. One recent national study identified

three dominant spatial and seasonal patterns: low

summer incidence and low inter-seasonal variation in

rural areas mainly across the North Island; higher

summer incidence and greater degree of seasonality in

urban areas mainly across the North Island; and

highest summer incidence and greatest inter-seasonal

variation in urban areas mainly across the South

Island [7]. These observed trends are generally con-

sistent with those reported from other affluent nations

such as the UK, Denmark and Finland [8–10]. How-

ever, the explanation for the spatial distribution of

campylobacteriosis in New Zealand is poorly under-

stood, and study designs adopting a spatial approach

to consider the aetiology of campylobacteriosis are

rare. Earlier research can be grouped into (i) studies

which have examined underlying environmental fac-

tors, including factors affecting the distribution of

Campylobacter (e.g. climate, land use patterns), and

(ii) work concerned with characteristics of the popu-

lation and associated reporting or surveillance

mechanisms (e.g. demographic characteristics, depri-

vation) [11, 12].

In order to explain the geographical distribution

of Campylobacter, rainfall and different water sources

have received some attention [9, 13, 14]. Heavy rain-

fall often initiates extreme run-off events which

can result in a significant increase of microbiological

loads in surface waters. In the environment, the

pathogen occurs more frequently during the winter

months because the organism grows well in water

below 10 xC. However, freezing, drying, acid con-

ditions (pHf5), UV light, and salinity reduce its

growth [8, 9, 15, 16].

Further, drinking water and recreational water

have been considered to be significant transmission

routes from the environment to humans, and the faecal

indicator organism E. coli can be used to estimate

the possible presence of Campylobacter in different

water sources [17]. A study in Sweden investigated

associations between the spatial distribution of

Campylobacter incidence and environmental factors

related to water and livestock, and water was con-

cluded to be an important transmission route for

Campylobacter infections [11]. In New Zealand, Savill

et al. [18] found Campylobacter prevalent in shallow

groundwater (75%), river water (60%), roof water

(38%), and drinking water (29%). In particular, pri-

vate wells and roof-water supplies in rural areas are at

risk of being faecally contaminated from cattle and

wild birds, respectively, as these water supplies remain

predominantly untreated [14, 19, 20]. A recent study

investigating the microbiological quality of roof-col-

lected rainwater of private dwellings in New Zealand

concluded that at least 30% of the samples collected

were faecally contaminated [21].
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Fig. 1. Notification rates for selected affluent nations in 2003. (Adapted from Baker et al. 2006 [1].)
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Pastoral farming is another key aspect in determin-

ing the survival and reproduction of Campylobacter in

the environment [20]. This factor is likely to be par-

ticularly pertinent in New Zealand where about 40%

of the land cover is pastoral (e.g. high- and low-

producing grassland, scrub/tussock) [22, 23]. Studies

investigating the appearance of Campylobacter in

rural areas of New Zealand [24, 25] identified the

pathogen in human as well as in animal faeces, in-

cluding faeces from dairy cattle, beef cattle, sheep,

pigs and ducks. The results indicate that for the

examined rural population a range of transmission

routes can be related to infected animals. In particu-

lar, farm and meat-processing workers, abattoir and

meat freezing-plant workers, and veterinarians are at

risk of becoming infected [26, 27].

Other risk factors include diet, particularly the

consumption of fresh poultry and fresh fruits or

vegetables from retail outlets or restaurants, ready-

to-eat chicken products and other fast foods [28].

Various characteristics of the exposed population

are also significant in understanding the spatial dis-

tribution of campylobacteriosis. In New Zealand, the

average annualCampylobacter incidence for the period

2001–2003 was significantly higher in males (326/

100 000 population) than in females (296/100 000

population), as well as in children (aged <15 years)

and young adults (aged <45 years). The reasons for

children and young males being particularly suscep-

tible to developing campylobacteriosis have not been

clarified. Explanations range from underlying im-

munological differences between the genders, and

children being more likely to see a doctor and thus

their infection being notified more frequently. In New

Zealand, Europeans show the highest notification

rates (329/100 000 population) compared to all other

ethnic groups (M�aaori 94/100 000 population; Pacific

people 70/100 000 population; other ethnicities 193/

100 000 population) which is linked frequently to

socio-economic deprivation. It has been suggested

that some of the ethnic differences are associated with

poorer access to primary care and health services re-

sulting in lower notification rates for non-European

ethnicities compared to Europeans [1]. Prior studies

from New Zealand found, for example, a negative

relationship between disease rates and unsafe water

supplies (e.g. outdated sanitary installations, less

monitored water supplies) occurring more frequently

in socio-economically deprived areas compared to less

deprived areas [20, 29]. Moreover, differences in

laboratory procedures (e.g. detection techniques) or

reporting practices betweenGPsmay partially account

for the observed spatial patterns in New Zealand

[1, 30]. Although underestimation of absolute Cam-

pylobacter rates has not been quantified, a study from

Auckland found that only 49% of the actual cases

of giardiasis were notified which indicates that the

notified Campylobacter cases might only capture a

fraction of the true prevalence of the disease [31].

This ecological study investigates the spatial distri-

bution of campylobacteriosis in New Zealand for the

period 1997–2005. The study has two objectives.

First, we identify areas with particularly high and low

rates of the disease, and examine whether there are

parts of the country where rates have increased more

than in others. Second, we identify whether geo-

graphical factors such as climate, land use, water and

the food retail environment as well as local socio-

demographic characteristics are associated with the

spatial distribution of campylobacteriosis. Approach-

ing this topic with a spatial focus will contribute to a

better understanding of the mechanisms affecting the

distribution of campylobacteriosis in New Zealand,

a basic requirement for reducing rates and the costs

involved.

DATA AND METHODS

Data sources and data manipulation

For all Territorial Local Authorities (TLAs), exclud-

ing the Chatham Islands (n=73), the campylobacteri-

osis notification data (cases/100 000 population per

TLA=dependent variable) were obtained from the

notifiable disease database EpiSurv for each of the

years 1997–2005 [32]. TLAs are statistical units with a

median population of 27 393 in 2001 (Fig. 2). Due to

confidentiality constraints, no individual-level infor-

mation was available.

For each TLA, a range of potential area-level ex-

planatory variables were developed (see Table 1). The

climate data [33] were aggregated to the TLA level.

An index for the degree of seasonal change in

Campylobacter rates was calculated for each TLA

using data published elsewhere [7]. To emphasize

higher summer incidence and seasonal variation in

certain TLAs, this index was weighted, using the three

types of seasonal grouping developed by Hearnden

et al. [7]. To ensure the comparability of different loads

of livestock as a measurement of pastoral intensity,

the total number of livestock (cattle, horses, pigs,

sheep, goats, deer, poultry) were transformed into
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stock units (stock units/km2, stock units/capita) (e.g. 1

dairy cattle=1 stock unit ; 1 sheep=0.2 stock units)

[23, 34]. In order to estimate the possibility of be-

coming infected from contaminated food, it was as-

sumed that the risk of exposure increased with better

access to food retailing. For each TLA, the density of

restaurants, fast food outlets, fresh food outlets and

supermarkets was calculated (proportion of food

outlets and supermarkets/100 000 population) [35].

As outlined above, children are particularly at risk

of becoming infected [1]. Both of the <5 and 5–14

years age groups were significantly related with the

Campylobacter rate (results not shown) and combined

as one age group (<5–14 years) to obtain a greater

population. To represent socio-economic character-

istics of the affected population, a TLA-level measure

was derived by aggregating the 2001 New Zealand

Deprivation index from the small Census Area Units

[36]. The deprivation index is a population-weighted

area-level aggregation of nine variables from the 2001

New Zealand Census including, for example, un-

employment and low professional education. The

Territorial Local Authorities New Zealand

Population per km2 

in 2001

Districts

Cities

16 Far North
17 Whangarei
18 Kaipara
19 Rodney
20 Papakura
21 Franklin
22 Thames-Coromandel
23 Hauraki
24 Waitako
25 Matamata-Piako
26 Waipa
27 Otorohanga
28 South Waikato
29 Waitomo
30 Taupo
31 Western Bay of Plenty
33 Rotorua
34 Whakateane
35 Kawerau
36 Opotiki
37 Gisborne
38 Wairoa
39 Hastings
40 Central Hawke's Bay
41 New Plymouth
42 Stratford
43 South Taranaki
44 Ruapehu

1 North Shore
2 Waitakere
3 Auckland
4 Manukau
5 Hamilton
6 Napier
7 Palmerston North
8 Porirua
9 Upper Hutt
10 Lower Hutt
11 Wellington
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13 Christchurch
14 Dunedin
15 Invercargill
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45 Wanganui
46 Rangitikei
47 Manawatu
48 Tararua
49 Horowhenua
50 Kapiti Coast
51 Masterton
52 Carterton
53 South Wairarapa
55 Tasman
56 Marlborough
57 Kaikoura
58 Buller
59 Grey
60 Westland
61 Hurunui
62 Waimakariri
63 Banks Peninsula
64 Selwyn
65 Ashburton
66 Timaru
67 Mackenzie
68 Waimate
69 Waitaki
70 Central Otago
71 Queenstown-Lakes
72 Clutha
73 Southland
74 Gore

Fig. 2. Territorial Local Authorities in New Zealand.
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higher the index score, the greater the level of socio-

economic disadvantage [36]. For all other variables,

the original data were either available at or ag-

gregated to the TLA level.

Analysis

In order to determine whether there was an increase

or decrease in Campylobacter rates within the study

period, the percentage change in the number of

incidents reported for 2005 compared to 1997 was

calculated per TLA. A standard deviation (S.D.)

classification scheme was used to identify areas

deviating significantly from the national mean, cal-

culated for the entire study period. The spatial auto-

correlation statistic, Moran’s I, was calculated to

assess statistical significance of spatial clustering

which is indicated when the results of the test are >0.

For these analyses ArcMapTM 9.1 (ESRI Inc., USA)

was used.

Linear regression analysis was applied to investi-

gate whether each of the potential explanatory vari-

ables were associated with the aggregated TLA-level

rates of campylobacteriosis (1997–2005), using SPSS

13.0 (SPSS Inc., USA). Our a priori assumptions were

that all but one of the explanatory variables showed

positive associations with the Campylobacter rate ; for

the variable ‘ temperature’ an inverse relationship was

expected. The independent variables were entered in a

predetermined order based on theoretical consider-

ations [37, 38]. First, 23 univariate models were de-

rived. The subsequent multivariate modelling steps

explored how the effects of each of the variables

changed with increasing complexity of the regression

models within the predefined variable categories, ex-

cluding those coefficients for which effects of multi-

collinearity were observed. Multicollinearity was

indicated when high correlation coefficients occurred

between the independent variables. Tabachnick &

Fidell [39] recommend not to include two variables

with a bivariate correlation close to ro0.7. Modelling

step 2 incorporated five models (climate/seasonal

change, land use, water, food, demographic charac-

teristics of the affected population), excluding the cat-

egories of ‘rurality/occupation’, ‘ social deprivation’

and ‘artefacts ’ since each of those included only one

variable. Modelling step 3 consisted of two models

incorporating those variables classified into the cat-

egories ‘conditions affecting the distribution of the

organism’ and ‘exposure’. The fourth modelling step

consisted of two models describing the associations

between the variables classified in the categories

‘underlying environmental factors’ and ‘surveillance

characteristics ’. The fifth modelling step combined all

of the variables. Subsequently, the standardized re-

siduals of the final model were tested for the assump-

tion of normality of the error term (one-sample

Kolmogorov–Smirnov procedure) and spatial inde-

pendency (Durban–Watson statistic).

RESULTS

The spatial distribution of campylobacteriosis

The average annual rate across all TLAs for the entire

study period was 285/100 000 population. The rates of

campylobacteriosis for the period 1997–2005 were not

uniform across NewZealand, ranging from 97/100 000

population (Opotiki District) to 526/100 000 popu-

lation (Wellington City). Over the study period, there

has been an increase of Campylobacter rates in 85%

of the TLAs (62/73 TLAs) (Fig. 3). The highest in-

crease was in Nelson City (+377%), followed by the

Wairoa District (+363%), and the Central Hawke’s

Bay District (+270%). Of the 11 TLAs with a rate

reduction, the largest decrease was in the Banks

Peninsula District (x71%), followed by the Opotiki

District (x42%), and the Ruapehu District (x36%).

Higher and lower rates (S.D.>¡1) appeared to be

slightly clustered with a concentration of higher rates

in the South Island. Wellington had very high rates of

Campylobacter notifications (S.D.>+2), followed by

the Selwyn District, Queenstown-Lakes District and

the South Wairarapa District (S.D.>+1 to +2),

whereas rates in Kawereau, Far North and the

Opotiki District were particularly low (S.D.<x1 to

x2). The results of the autocorrelation statistic con-

firmed low, but statistically significant clustering for

the Campylobacter rate 1997–2005 (Moran’s I=0.11,

P=0.01).

Results of the regression analysis

The results of the univariate modelling showed that

for 16/23 explanatory variables the associations were

in the anticipated direction, and eight coefficients

were significantly related with the Campylobacter rate

(Table 2). Multicollinear effects were observed for the

variables pastoral and stock units/km2, stock units/

capita and occupation, stock units/capita and males,

occupation and males, population aged <15 years

and Europeans, population aged <15 years and
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Table 1. Campylobacteriosis in New Zealand, 1997–2005, classification and description of the independent variables included in the regression analysis

Independent variables

Main

category Subcategory 1 Subcategory 2 Name

Unit per

TLA Description Data source

Underlying

environmental

factors

Conditions

affecting the

distribution of

the organism

Climate/

seasonal

change

Rainfall mm Monthly mean maximum total rainfall Landcare Research, 2002 [33]

Temperature xC Monthly mean maximum daily temperatures Landcare Research, 2002 [33]

WIS Index Weighted index of interseasonal change Calculated from: Hearnden et al. 2003 [7]

Land use Pastoral % Land use primarily pastoral (high- and

low-producing grassland)

New Zealand Landcover Database

(LCDB2), Ministry of the Environment/

Terralink International, 2000–2002 [22]

Scrub/tussock % Land use : scrub (e.g. fernland, gorse, broom,

subalpine shrubland) ; tussock grassland

(e.g. low-producing and depleted grassland)

New Zealand Landcover Database

(LCDB2), Ministry of the Environment/

Terralink International, 2001–2002 [22]

Stock units/km2 Stock

units/km2
Total stock units/km2, including dairy, beef,

sheep, deer, pigs, goats, horses, poultry

MAF, 2002 (http://www.maf.govt.nz/

statistics/pastoral/) [23]

Exposure Water E. coli % Intensity of drinking-water quality

monitoring : % of E. coli exceedances

in drinking water

NZPHO, 2002 (http://www.nzpho.org.nz/

data_available.asp) [32]

Rainwater

supply

% Population with rainwater supply ESR, MoH, 2006 (http://www.drinkingwater.

co.nz/default.asp) [49]

Other water

supply

% Population not on registered water supply NZPHO, 2002 (http://www.nzpho.org.nz/

data_available.asp) [32]

Measurements per capita Number of drinking water measurements NZPHO, 2002 (http://www.nzpho.org.nz/

data_available.asp) [32]

Rurality/

occupation

Stock units/

per capita

per capita Total stock units per average population

1997/2001, including dairy, beef, sheep,

deer, pigs, goats, horses, poultry

Statistics NZ, 2001 Census of Population

and Dwellings [34] ; MAF, 2002 (http://

www.maf.govt.nz/statistics/pastoral/) [23]

Rural

population

% Population living in highly rural/remote area Statistics NZ, 2001 Census of Population

and Dwellings [34]

Occupation per 1000 Residence by occupation for the employed

usually president population count, aged

o15 yr working in dairy- and meat-related

industries

Statistics NZ, 2001 Census of Population

and Dwellings [34]

Food Restaurants per 100 000 Number of restaurants, bars, taverns, clubs

with alcohol licence

Pearce et al. 2006 [35]

Fast food per 100 000 Number of fast food outlets Pearce et al. 2006 [35]

Fresh food per 100 000 Number of fresh food outlets Pearce et al. 2006 [35]

Supermarkets per 100 000 Number of supermarkets Pearce et al. 2006 [35]

1
3
6
4

E
.
R
in
d
a
n
d
J.
P
ea
rce

https://doi.org/10.1017/S095026881000018X Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S095026881000018X


deprivation, Europeans and deprivation; hence, five

variables were excluded from the subsequent models.

The second modelling step showed that 11/15

associations were in the anticipated direction, and

four of the variables were statically significantly re-

lated to the Campylobacter rate (scrub/tussock, stock

units/km2, rainwater supply, and population aged

25–44 years). Modelling steps 3 and 4 showed changes

in the direction of associations for six variables, in-

cluding, for example, rainfall and fast food outlet

density. There were no major changes in the levels of

statistical significance; only the association between

the disease rate and the variable ‘scrub/tussock’

became statistically insignificant.

The results of the final multivariate model indicated

that higher rates of campylobacteriosis occurred in

TLAs with a high proportion of people aged 25–44

years (age 25–44: P<0.01) and a low deprivation

index (deprivation: P<0.01) (Table 3). The variable

representing a high density of fresh food outlets was

close to reaching statistical significance (fresh food

outlets : P=0.076). The final model’s residuals re-

sembled a normal distribution and indicated a low

tendency of negative autocorrelation; consequently,

there was no serious violation of the assumption of

normality of the error term.

Evaluating the entire modelling procedure, 5/23 in-

dependent variables showed expected and stable as-

sociations throughout the regression analysis with no

change of the direction of association; those were

variables representing seasonality (WIS), pastoral land

use (pastoral), rurality (rural population), fresh food

outlet density (fresh food outlets), and the 25–44 years

age group. Five explanatory variables showed stable,

but inverse associations with the disease rate (E. coli,

rainwater supply, restaurants, deprivation, GP den-

sity) ; the other variables had unstable associations

throughout the modelling procedure.

DISCUSSION

This study examined the spatial distribution of cam-

pylobacteriosis in New Zealand. We found that the

observed spatial patterns were in line with previous

national studies [5, 7]. Further, our analysis gained

insight into the relative importance of plausible area-

level determinants of this disease. Some of the vari-

ables relating to the underlying environmental factors

(e.g. stock units/km2, rural population) and charac-

teristics of the affected population (25–44 years age

group) showed expected associations throughout theT
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modelling process, indicating that these variables

were independently related to the disease rate [40, 41].

Interestingly, this analysis provides statistical evi-

dence for a relationship between campylobacter rates

and socio-economic deprivation. For New Zealand,

there has been little evidence of a distinct association

between socio-economic deprivation and campylo-

bacteriosis [20, 29], and our results showed a consist-

ent and statistically significant negative relationship

throughout the modelling procedure. This finding is

contrary to most other health outcomes as worse

health (e.g. higher morbidity/mortality rates) is com-

monly found in areas of lower socio-economic status

[42]. Potential differences in food consumption pat-

terns between areas stratified by socio-economic

deprivation may explain this relationship. In terms of

campylobacteriosis, Evans et al. [43] and Eberhart-

Phillips et al. [40] identified the consumption of fresh

vegetables, drinking bottled water and eating out as

independent risk factors of becoming infected. These

patterns of consumption tend to be associated with

higher socio-economic status [44–46]. Consequently,

Campylobacteriosis notification rate
% change 1997–2005 per TLA*

Increase per TLA

Decrease per TLA

Districts

Cities

16 Far North
35 Kawerau
36 Opotiki
38 Wairoa
40 Central Hawke's Bay
44 Ruapehu
53 South Wairarapa
63 Banks Peninsula
64 Selwyn
71 Queenstown-Lakes

11 Wellington
12 Nelson

Cartography and calculations:
Esther Rind
University of Canterbury 2007

Data source: NZPHO 1997–2005

0 50 100 200 300

km

N

*Territorial Local Authority

> 250

> 150–250

> 50–150

16

35

36

3844
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11
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> 2–50

> – 25
– 1 to – 25

Fig. 3. Percentage change in Campylobacter rates, New Zealand, 1997–2005.
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Table 2. Associations from the univariate and multivariate regression models predicting Campylobacter rates in New Zealand, 1997–2005

Models … Univariate models  Multivariate models Final multivariate model 

Modelling step … 1 2 3 4 5 

Variable Association
 P
value* 

P
value* 

Subcategory 2 Association Subcategory 1 Association P value* Main category Association P value* Association P value*

Rainfall + –

––

Expected 0.435 Inverse 0.913 – Inverse 0.960 Expected 0.969 – Inverse 0.664 

Temperature Expected 0.036 Expected 0.120 – Expected 0.250 – Expected 0.338 + Inverse 0.868 

WIS + Expected 0.030 

Climate/ 
seasonal change 

+ Expected 0.113 + Expected 0.439 + 

+ 

Expected 0.402 + Expected 0.144 

Pastoral + 

+ 

Expected 0.747 

Scrub/tussock Expected 0.032 + Expected 0.003 + Expected 0.047 + Expected 0.105 – Inverse 0.651 

Stock units/km² + 

+ 

Expected 0.289 

Land use

+ Expected 0.014 

Conditions 
affecting the
distribution of the 
organism

+ 

+ 

Expected 0.028 + Expected 0.022 + Expected 0.296 

E. coli – Inverse 0.939 – Inverse 0.912 – Inverse 0.249 – Inverse 0.065 – Inverse 0.883 

Rainwater supply – Inverse 0.003 – Inverse 0.003 – Inverse 0.003 – Inverse 

Inverse 

0.023 – Inverse 0.143 

Other water supply – Inverse 0.467 + Expected 0.256 Expected 0.418 – 0.912 – Inverse 0.616 

Measurements Expected 0.330

Water 

+ Expected 0.457 – Inverse 0.824 + Expected 0.958 Expected 0.986 

Stock units/capita + Expected 0.239 

Rural population 

+ 

Expected 0.195 + Expected 0.129 + Expected 0.066 + 

+ 

Expected 0.193 

Occupation Expected 0.291

Rurality/
occupation 

Restaurants – Inverse 0.307 – Inverse 0.053 – Inverse 0.140 – Inverse 

Inverse 

Inverse 

0.271 – Inverse 0.455 

Fast food + Expected 0.686 + Expected 0.557 + Expected – 0.570 – Inverse 0.247 

Fresh food + 

+ 

0.170 + Expected 0.206 + Expected 0.139 + Expected 0.091 + Expected 0.076 

Supermarkets Expected

Expected

0.260

Food 

+ Expected 0.336

Exposure 

+ Expected 0.888

Underlying
environmental
factors 

– 0.407 + Expected 0.600 

Age < 15 yr – Inverse 0.000 

Age 25–44 yr + Expected 0.000 + Expected 0.000 + Expected 0.008 + Expected 0.005 

Males + Expected 0.504 + Expected 0.641 – Inverse 0.679 – Inverse 0.184 

Europeans + Expected 0.001 

Demographic
characteristics of
the  affected
population
particularly at risk  

Deprivation – Inverse 0.000 Social deprivation – Inverse 0.000 – Inverse 0.007 

GP density – Inverse 0.123 Artefacts

Surveillance/
characteristics
of the affected
population  

– Inverse 0.526 – Inverse 0.212 

0.811

* Significant P values ; P values are very close to being significant at the <0.05 level.
Shading in cells :
Dark grey, the relationships are stable and show the expected associations throughout the modelling process.

Light grey, the relationships are stable and show inverse associations throughout the modelling process.
White, the relationships are unstable throughout the modelling process.
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there could be a higher risk of becoming infected from

the consumption of fresh fruits and vegetables in areas

of higher socio-economic status. Linking the inverse

association identified here between socio-economic

deprivation and theCampylobacter rate to the positive

association with the variable fresh food outlet density,

this study suggests statistical evidence for an inter-

connection between socio-economic status, the dis-

tribution of fresh food outlets and Campylobacter

notifications.

Several of the other explanatory variables, how-

ever, did not have a consistent or expected relation-

ship with the disease rate. For example, national and

international findings have demonstrated a significant

underestimation of Campylobacter cases related to

contaminated water supplies [11, 21, 47], but our

study showed little evidence that water is a significant

independent contributor to notification rates in New

Zealand. However, there is some evidence that higher

rates of campylobacteriosis occur during the summer

months when outdoor activities such as swimming

may increase the probability of infections [41]. Fur-

ther, the inverse association between E. coli presence

and Campylobacter notifications observed here may

be due to regional differences in detection procedures

[17]. Frequently, the concentration of E. coli is too

low to detect faecal contamination of water. Even if

the indicator organism is not detected, the water

might be contaminated nevertheless. Conversely, a

high level of E. coli exceedances in water is not a

conclusive indicator for contamination with Campy-

lobacter [18].

This study has three key limitations. First, applying

an ecological study design, the evaluation of the re-

sults is confronted inherently with issues related to the

ecological fallacy, and it is not possible to infer caus-

ality from the observed associations. Second, there

are several reasons for inconsistencies between the

reported and actual prevalence of campylobacteriosis

between regions. People might not seek medical at-

tention for various reasons (e.g. unequal access to

healthcare facilities, different view of sickness) ; hence,

their illness is not notified which in turn results in an

undercount of cases. Further, the disease might not

specifically be diagnosed as campylobacteriosis, but

more generally as gastrointestinal infection [21].

Finally, the fully adjusted regression model did not

account for all of the assumed impacts of different

land-use categories, occupational effects, ethnicity

and age. Future research could concentrate on iden-

tifying those unspecified determinants of campylo-

bacteriosis and on minimizing the multicollinear

effects detected here. New data sources and the

improvement of the national notification system,

including the EpiSurv messaging system provide

enhanced surveillance sources. For example,

Table 3. Regression coefficients from the final multivariate regression model predicting Campylobacter rates in

New Zealand, 1997–2005

Final model Subcategory 2 Variable b coefficient P value

R2=0.583 Climate/seasonal change Rainfall x0.205 0.664

Temperature 12.991 0.868
Adjusted WIS 2.721 0.144
R2=0.441 Land use Scrub/tussock x4.439 0.651

Stock units/km2 1.680 0.296
Intercept=12 978, 552 Water E. coli x6.921 0.883
Standard error of

the estimate=638.669

Rainwater supply x65.361 0.143

Other water supply x4.283 0.616
Measurements 0.794 0.986

Rurality Rural population 12.206 0.193

Food Restaurants x0.436 0.455
Fast food x4.211 0.247
Fresh food 4.107 0.076***
Supermarkets 4.174 0.600

Demographic characteristics Age 25–44 yr 129.410 0.005*
Males x143.890 0.184

Social deprivation Deprivation x7.105 0.007*

Artefacts GP density x10.693 0.212

* Significant at the 0.01 level ; *** close to significance at the <0.05 level.

1368 E. Rind and J. Pearce

https://doi.org/10.1017/S095026881000018X Published online by Cambridge University Press

https://doi.org/10.1017/S095026881000018X


SurvINZ, including the databases EpiSurv and

WINZ (Water Information New Zealand), is a new

platform where surveillance activities have been inte-

grated to provide more comprehensive and timely

information to analyse morbidity trends and to in-

vestigate mechanisms affecting the distribution of

campylobacteriosis in New Zealand [6]. In particular,

it would be interesting to investigate the possibly

underestimated role of water in the circle of infection

with Campylobacter since the different dimensions

of this relationship have not been quantified on a

broader scale (e.g. impact of recreational water con-

tact, consumption of tap or bottled water, cross-con-

tamination of drinking water). It might also be useful

to study areas where disease rates are lower than ex-

pected in order to identify and understand protective

factors potentially limiting the increase in rates in

some areas. Moreover, it is important to investigate

determinants of campylobacteriosis separately for

urban and rural areas (e.g. differences in consumption

patterns, the exposure to risk factors such as infected

cattle or contaminated water supplies), and to study

the aetiology of outbreaks and sporadic cases, re-

spectively.

For reducing high rates of campylobacteriosis in

New Zealand, banning of fresh poultry from sale and

improving consumer education are the most discussed

public health implications. In Belgium, for example,

the Campylobacter rate dropped significantly when

fresh poultry potentially contaminated with the

chemical pollutant dioxin was banned from sale for 4

weeks during 1999. Interventions to change consumer

behaviour include, for example, information about

the thorough cleaning of kitchen utensils, cutting

boards, taps, and the rinsing of fresh fruits and vege-

tables [48].

In conclusion, area-level characteristics exerted an

influence on Campylobacter rates in New Zealand

over the period 1997–2005, and the observed plausible

associations between fresh food outlet density, higher

socio-economic status and an increased disease rate

cast light on currently relatively unexplored dimen-

sions of campylobacteriosis. Infections with Campylo-

bacter present a complex, persistent, increasing and

expensive public health issue. Regarding the high

rates of campylobacteriosis, current public health in-

terventions appear to be insufficient, and further

research is necessary to effectively target particular

causes of the infection. Socio-economic conditions

might be a key factor in explaining spatial differences

in Campylobacter notifications across New Zealand.
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