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SUMMARY

Notifications of campylobacteriosis by New Zealand medical practitioners have increased steadily

in the last two decades. To determine if this increase is real, as opposed to a surveillance artefact,

we examined both available notification (1980–2003) and hospitalization data (1995–2003). The

similarity in the temporal pattern of increasing hospitalizations for campylobacteriosis, with that

of notifications, is suggestive that this increase is indeed real. Although some risk factors for this

disease have been identified (e.g. uncooked poultry consumption) it is unclear what the likely causes

of the increasing rates are. The overall disease burden is also high compared with other developed

countries (an annual notification rate of 396 cases per 100 000 population in 2003), with highest rates

in children aged 1–4 years, males, Europeans, and those living in urban areas. Given the large disease

burden, further research and intervention studies should be public health priorities in this country.

INTRODUCTION

The incidence of reported campylobacteriosis has

risen steadily in New Zealand since this disease first

became notifiable in 1980. The cause of this increase

is unknown and it is possible that it might be arte-

factual. For example, there may have been changes in

the extent to which diagnosed disease is reported to

public health authorities and hence to the national

notifiable disease surveillance system. One previous

New Zealand study surveyed laboratories and con-

cluded that changes in laboratory methodologies

(at least in the early 1990s) did not appear to account

for the national increase in notifications [1]. To

explore this issue of increasing campylobacteriosis

notifications further, we analysed both notification

and hospitalization data at the national level.

METHODS

Data from the national notifiable disease surveillance

system was analysed for the period 1980–2003.

Campylobacter infection has been legally notifiable

by diagnosing medical practitioners since 1980 in

New Zealand. These data are collated by the Institute

of Environmental Science and Research Ltd (ESR)

under contract to the Ministry of Health. In addition,

data on campylobacteriosis hospitalization (primary

diagnosis code) for 1995–2003 were obtained from

the New Zealand Health Information Service (part

of the Ministry of Health). This condition has been

separately coded as a cause of hospital admission

since 1995 (ICD9CM code 008.43 from 1995 and

ICD10AM code A04.5 since 1998–1999).

The 3-year period 2001–2003 was analysed in de-

tail. Also, to examine the potential role of environ-

mental sources, notified and hospitalized cases for

the 2001–2003 period were designated as ‘urban’

(settlements of o1000 people) or ‘rural ’ based on the
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Statistics New Zealand classification of the area unit

in which they resided. At the 2001 Census 85.7% of

the population was classified as ‘urban’, and 14.3%

as ‘rural ’.

The analyses were carried out in SAS version 9.1

(SAS Institute Inc., Cary, NC, USA). Rates were cal-

culated using population data from the 2001 census.

Rates for ethnic groups were directly age standardized

to the age distribution of the New Zealand population

in 2001. Rate ratios (RRs) and 95% confidence

intervals (CIs) were calculated. Trends over time were

tested using the x2 test for trend. Trends in notifi-

cation and hospitalization rates over time and across

geographic areas (district health board districts) were

compared using linear regression analysis.

RESULTS

The incidence of notified campylobacteriosis has

risen steadily in New Zealand since this disease

first became notifiable in 1980 (Fig. 1). The annual

incidence reached a new peak of 14 790 cases in 2003

(395.6/100 000).

There were 744 hospitalizations attributable pri-

marily to campylobacteriosis in 2003. This was

5.0% of the number of cases notified in that year.

Hospitalized cases more than tripled from 1996 to

2003, which was even more than the relative increase

in notifications over that period (nearly double).

Furthermore, the incidence in notifications and hos-

pitalizations both dipped in the same year (1999)

and both increased in every other year over the 1995–

2003 period (Fig. 1). During this period, notification

and hospitalization rates were highly correlated

(R2=0.70) and showed a significant increase (x2 test

for trend P<0.0001). The analysis of data for the

period 2001–2003 indicated seasonal variation in

notification rates with 32.0% of notified cases occur-

ring over the summer period (December–February

in New Zealand) and only 21.2% occurring in winter

(June–August). A similar distribution was seen for

hospitalizations with 32.0% of cases over summer

and 21.4% over winter (Table).

Also for the period 2001–2003, campylobacteriosis

showed highest average annual notification rates

in children aged 1–4 years (578.1/100 000), and adults

aged 20–29 years (470.0/100 000). The average annual

notification rate in males (362.1/100 000) was signifi-

cantly higher than that in females (295.9/100 000).

Hospitalization data showed a broadly similar age-

sex distribution to notification data, albeit at much

lower rates. Peak hospitalization rates were in infants

(<1 year), in young adults (20–29 years), but unlike

notifications, there was also a peak in the elderly

population (o70 years). Notification and hospital-

ization rates in males were higher than females in

almost all age groups (the one exception was for

hospitalizations in the 15–19 years age group where

the rate was slightly higher in females). Trends in

age-specific notification rates (Fig. 2) for the period

1995–2003 show that the incidence of disease rose

for all age groups, although this increase was

relatively higher for those aged 5–14 years and

o30 years.

When analysed by ethnicity, notification rates were

higher among Europeans (329.0/100 000) than Maori

(93.5/100 000), Pacific Peoples (70.2/100 000), and

people of ‘Other’ ethnicity (193.3/100 000) (Table).

These differences were less pronounced when con-

sidering hospitalized cases and actually disappeared

in the case of people of ‘Other ’ ethnicity.

Rates of disease also showed marked regional

variations over the period 2001–2003 (Fig. 3).

Notification rates ranged from 187.8/100 000 (Nelson

Marlborough district health board) to 500.8/100 000

(Capital and Coast district health board). Hospital-

ization rates ranged from 5.8/100 000 (Southland)

to 31.1/100 000 (Tairawhiti). As shown in Figure 4,

there was no correlation between notification and

hospitalization rates at the district health board

level (R2=0.0003). Rates of campylobacteriosis

notifications and hospitalizations were significantly

lower for those living in rural areas compared to

urban dwellers (Table). When the population was

divided by age group, disease rates were higher for

children (<15 years old) living in rural areas

compared to those with urban home addresses. The

opposite pattern was seen for adults (Table).
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Fig. 1. Campylobacteriosis cases in New Zealand by year,
based on notifications (–&–, 1980–2003) and hospitaliz-
ations (–$–, 1995–2003).
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DISCUSSION

Notification data suggest a steady rise in campylo-

bacteriosis incidence for more than two decades in

New Zealand. The similarities between the temporal

patterns of notifications and hospitalizations strongly

suggest that the increase in this disease is real.

Table. Campylobacteriosis notification and hospitalization numbers and rates (average annual rate per 100 000),

by season, rural–urban domicile, age group, sex, and ethnicity, 2001–2003, New Zealand

Category

Notifications Hospitalizations Hospital

proportion·
(%)No.* Rate# RR (95% CI)$ No.* Rate# RR (95% CI)$

Season
Summer 3911 418.6 1.0 194 20.7 1.0 5.0

Autumn 2077 222.3 0.53 (0.51–0.55) 101 10.8 0.52 (0.45–0.60) 4.9
Winter 2761 295.5 0.71 (0.69–0.73) 130 13.9 0.67 (0.59–0.76) 4.7
Spring 3726 398.8 0.95 (0.93–0.98) 183 19.5 0.94 (0.84–1.06) 4.9

Urban–rural

Urban total 10 662 332.8 1.0 527 16.5 1.0 4.9
Rural total 1394 261.1 0.78 (0.71–0.86) 54 10.1 0.61 (0.53–0.72) 3.9
Unknown 419 n.a. 26 n.a. n.a.

Urban<15 yr 2066 289.6 1.0 74 10.3 1.0 3.6
Rural<15 yr 517 384.6 1.33 (1.12–1.57) 15 11.2 1.08 (0.80–1.45) 2.9
Urban o15 yr 8345 335.1 1.0 454 18.2 1.0 5.4
Rural o15 yr 863 216.1 0.64 (0.57–0.73) 39 9.8 0.54 (0.45–0.64) 4.5

Age group (yr)

<1 233 425.8 0.91 (0.84–0.98) 15 26.8 1.10 (0.80–1.51) 6.3
1–4 1250 578.1 1.23 (1.18–1.28) 25 11.7 0.48 (0.38–0.62) 2.0
5–9 655 229.0 0.49 (0.46–0.51) 22 7.8 0.32 (0.25–0.42) 3.4

10–14 536 184.2 0.39 (0.37–0.41) 29 9.9 0.40 (0.32–0.51) 5.4
15–19 856 322.7 0.69 (0.66–0.72) 53 19.9 0.81 (0.68–0.98) 6.2
20–29 2288 470.0 1.0 119 24.4 1.0 5.2

30–39 1931 334.8 0.71 (0.69–0.74) 75 13.1 0.54 (0.45–0.63) 3.9
40–49 1588 295.5 0.63 (0.61–0.65) 55 10.2 0.42 (0.35–0.50) 3.5
50–59 1394 333.2 0.71 (0.68–0.74) 54 13.0 0.53 (0.44–0.64) 3.9

60–69 857 303.3 0.65 (0.62–0.68) 50 17.8 0.73 (0.60–0.88) 5.9
o70 806 249.9 0.53 (0.51–0.56) 110 34.1 1.40 (1.20–1.62) 13.6
Unknown 82 n.a. 0 n.a. n.a.

Sex
Male 6602 362.1 1.0 316 17.4 1.0 4.8%

Female 5664 295.9 0.82 (0.80–0.83) 291 15.2 0.87 (0.80–0.96) 5.1%
Unknown 208 n.a. 0 n.a. n.a.

Ethnicity"
European 8438 329.0 1.0 461 17.3 1.0 5.5%

Maori 487 93.5 0.28 (0.26–0.30) 59 12.0 0.52 (0.59–0.92) 12.1%
Pacific 141 70.2 0.21 (0.19–0.23) 26 12.2 0.71 (0.49–1.02) 18.4%
Other 480 193.3 0.59 (0.54–0.64) 47 24.0 1.39 (0.90–2.14) 9.8%

Unknown 2929 n.a. 14 n.a. n.a.

Total 12 475 333.8 n.a. 607 16.2 n.a. 4.9%

n.a., not applicable.
* Number is the average annual number rounded to the nearest integer.
# Rate is the average annual rate per 100 000 population.

$ RR, Rate ratio calculated in relation to reference value in bold ; 95% CI, 95% confidence interval calculated based on
3-year period.
· Proportion hospitalized is based on recorded hospitalizations expressed as a percentage of number notified.

" Rates for ethnic groups were directly age standardized to the age distribution of the New Zealand population at the 2001
Census with confidence intervals calculated according to the methods used for age-standardized data [33].
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Changes in reporting behaviour by doctors are

unlikely to have contributed to this observed trend as

they have a fairly high level of notification of gastro-

intestinal diseases that are laboratory-confirmed [2].

For example, over the 1995–2001 period about 92%

of laboratory-identified cases of salmonellosis were

also notified [3]. Notifications for other enteric dis-

eases, such as salmonellosis, have also followed simi-

lar temporal trends to hospitalizations, but none have

risen in the same way as campylobacteriosis over this

period [4].

Despite the conclusion that the increase in reported

campylobacteriosis is probably real, a concurrent

increase in known sequelae of this infection (particu-

larly Guillain–Barré syndrome) is not apparent over

this period [5]. One reason for this lack of increase

may be that New Zealand possibly has a lower

prevalence of the serological types of Campylobacter

linked to immune-mediated illnesses.

There is no conclusively identified major cause

for the increase in campylobacteriosis incidence in

New Zealand. While a high proportion of the poultry

on retail sale in New Zealand is contaminated with

Campylobacter [6], the sparseness and quality of the

data [7] are not adequate for discerning temporal

patterns in contamination levels. Also, there is no

clear evidence for changing levels of known behav-

ioural risk factors over time (e.g. for consumption of

undercooked poultry or for poultry away from

home – both of which have been identified in case-

control studies [8, 9]). Nevertheless, it is plausible

that there are relevant temporal trends in: (i) the

increased frequency of eating outside the home

setting (likely to have been substantial) ; (ii) the

barbequing of food; and (iii) the overall increase in

poultry consumption (which nearly doubled during

the 1990s in real terms) [10]. Unsafe domestic food

handling has been identified in outbreaks involving

Campylobacter [11] and there may also have been a

decline in home cooking and food safety skills in

recent decades (but confirmatory data on any such

trends are lacking).

Increased average temperatures over the last two

decades in New Zealand [12] may have also favoured

the survival of Campylobacter in various settings,

given the evidence that the timing of peak infection

in various countries (including New Zealand) is

weakly associated with high temperatures 3 months

previously [13]. Climatic factors may also contribute

to any role that flies play in transmission of this

organism [14].

Pathogenic Campylobacter are also known to

contaminate recreational water in several parts of

New Zealand [15] and contaminated water supplies

have been implicated in specific outbreaks [16, 17].

Yet water contamination is unlikely to be a major

source for the increase since there has been substan-

tial progress in improving the microbiological quality

of reticulated water supplies in New Zealand since

the early 1990s [18]. Although pastoral livestock are

known to provide reservoirs for pathogenic Campylo-

bacter in this country [19], there are no systematic

surveillance data to assess temporal infection trends

in this potential source.

The higher rates of disease among children living

in rural areas identified in this analysis are suggestive

that direct transmission from infected animals and

contaminated environments contributes to the burden

of disease for this population. An intensive investi-

gation carried out in one rural area of New Zealand

found that Campylobacter was widespread in farm

animal faeces and river water providing many poten-

tial transmission routes to humans [20]. However,

changes in such sources are unlikely to explain much

of the increase and can only explain a relatively small

proportion of the disease burden (and appear less

important for adults than children).

This analysis has also described the characteristics

of those most affected by campylobacteriosis. While

such analyses are commonly carried out using notifi-

cation and laboratory data, they have rarely used

hospitalization data. These analyses show that rates

are highest in children and young adults, males and

those of European ethnicity. This age distribution
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is common to other developed countries [21]. Marked

ethnic variations in campylobacteriosis rates have

also been reported in England [22]. The findings for

ethnicity are notable as Maori and Pacific people

generally experience higher rates of infectious diseases

in New Zealand, particularly serious infections such

as meningococcal disease that are linked to socio-

economic deprivation [23]. This ethnic difference was

less marked for campylobacteriosis hospitalizations

compared with notifications, suggesting that some

of this observed difference is related to poorer access

to primary care and diagnostic services resulting in

lower rates of notified disease. The important role

of surveillance factors in determining observed

patterns of enteric disease notifications is also illus-

trated by the analysis of disease rates by district

health board (Fig. 4). This analysis found no corre-

lation in notification and hospitalization rates for

these geographical areas.

These surveillance data also show that the rate

of notified campylobacteriosis in New Zealand is

relatively high compared to that reported for other

developed countries. For example, the rate in 2003

(395.6/100 000) is higher than rates in the following

countries : Australia (116.5 cases/100 000 population

in 2003) [24], England and Wales (85.4/100 000 in

2003) (source http://www.hpa.org.uk/), Scotland

(86.6/100 000 in 2003) [25], Iceland (116/100 000 in

2000) [26], The Netherlands (37.0/100 000 in 2001)

[27], United States FoodNet sites (12.6/100 000 in

2003) [28], and Canada (40.1/100 000 in 2000) [29].

Although country comparisons need to be con-

sidered cautiously given different reporting systems,

these findings are suggestive that New Zealand has

relatively high levels of campylobacteriosis. Reasons

for this higher rate are unknown. Furthermore, the

true population rate is likely to be many times higher

than notified cases suggest because only a small

proportion of cases will seek medical attention and

provide specimens for laboratory testing. Population-

based studies carried out in England found that

a multiplier of 7.6 applied when converting from

nationally notified cases to the incidence occurring

in the population [30]. Mainly because of its high

incidence, campylobacteriosis is the largest con-

tributor to the economic costs of foodborne diseases

in New Zealand [31].

This analysis has the limitations associated with use

of routinely collected surveillance data. Hospitaliz-

ation data in particularly is affected by changes in

coding practices, with this disease only being coded

separately since 1995. In general, these disease esti-

mates are highly conservative e.g. only a principal

diagnosis of campylobacteriosis was included in the

hospitalization data which will significantly under-

estimate numbers.

The evidence for a high and increasing burden

of campylobacteriosis in New Zealand suggests that

further research into the epidemiology of this disease

should be a public health priority. Also, given the

apparent success of reducing Campylobacter con-

tamination of poultry in Iceland through various
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measures [26], and the evidence from a ‘natural

experiment’ in Belgium [32], there is a strong case

for conducting intervention studies in New Zealand.

Such studies could investigate the health benefits

of reducing Campylobacter contamination of New

Zealand poultry intended for human consumption.
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