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Campylobacteriosis in New Zealand: results of a

case-control study

Jason Eberhart-Phillips, Natalie Walker, Nicholas Garrett, Derek Bell, David Sinclair,
William Rainger, Michael Bates

Abstract
Study objective-To identify and assess
the contributions ofmajor risk factors for
campylobacteriosis in New Zealand.
Design-Case-control study. Home inter-
views were conducted over nine months
using a standardised questionnaire to
assess recent food consumption and other
exposures.
Setting-Four centres in New Zealand
with high notification rates of campylo-
bacter infections-Auckland, Hamilton,
Wellington, and Christchurch.
Participants-Case patients were 621 peo-
ple notified between 1 June 1994 and 28
February 1995 as having campylobacter
infection. Control subjects were selected
randomly from telephone directories, and
were matched 1:1 with case patients in
relation to sex, age group, and home
telephone prefix.
Results-Risk of campylobacteriosis was
strongly associated with recent consump-
tion of raw or undercooked chicken
(matched odds ratio 4.52, 95% confidence
interval 2.88, 7.10). There was also an
increased risk with chicken eaten in
restaurants (matched odds ratio 3.85;
2.52, 5.88). Recent consumption of baked
or roasted chicken seemed to be protec-
tive. Campylobacteriosis was also associ-
ated with recent overseas travel, rainwater
as a source ofwater at home, consumption
of raw dairy products, and contact with
puppies and cattle, particularly calves.
Conclusions-Improperly cooked chicken
seems to be associated with a large
proportion of campylobacteriosis in New
Zealand. Thorough cooking of chicken in
homes and restaurants could reduce con-
siderably the incidence of this disease.

(J Epidemiol Community Health 1997;51:686-69 1)

Campylobacteriosis is by far the most fre-
quently notified communicable disease in New
Zealand. In 1995, there were 7525 notifica-
tions, which corresponds to a rate of more than
223 reported cases per 100 000 population.'

Notifications have increased steadily from
1980, the year that campylobacter infections
became reportable in New Zealand. Since the
start of 1992, campylobacter infections have
accounted for approximately two thirds of all
notifiable disease reports. New Zealand's
recent notification rates for campylobacteriosis

have been twice those of England and three
times those reported from Australia and
Canada.2 Most cases occur in children and
young adults. Nearly all cases are sporadic, and
they tend to occur in the spring and summer
months.
Although rarely fatal, campylobacter infec-

tions cause considerable morbidity and time
lost from work and school. Infection occasion-
ally results in serious sequelae, including reac-
tive arthritis and Guillain-Barre syndrome.3
Direct costs for reported cases of campylobac-
teriosis in New Zealand have been estimated at
NZ$4.2 million per year. '

The causes of New Zealand's high incidence
rates are unknown. A study of 100 cases and
controls from Christchurch in 1992-93 found
that eating undercooked chicken was associ-
ated with campylobacteriosis (odds ratio =

4.94, 95% confidence interval (95% CI) 1.03,
23.62).

Case-control studies in other developed
countries have linked campylobacteriosis re-
peatedly with consumption of poultry.'-9 Other
factors with strong associations have included
consumption of untreated water,9 consumption
of raw milk,9"11 contact with cats,6 9 contact with
puppies,'2 contact with animals having
diarrhoea, ' poor cleaning of chopping boards,8
travel to a developing country,"' and consump-
tion of milk from bottles pecked at by birds.'5
The multi-centre analysis of gastroenteritis

induced by campylobacter (MAGIC) was
designed to examine a wide array of hypotheses
about how New Zealanders are becoming
infected with this organism. With its large and
representative study population, the MAGIC
study was designed to have the statistical power
to detect all major risk factors for this disease in
New Zealand.

Methods
The study had a case-control design. Data were
collected between 1 June 1994 and 28
February 1995 through home interviews using
a standardised questionnaire. Subjects resided
in the four urban centres of Auckland, Hamil-
ton, Wellington, and Christchurch (or in the
surrounding rural areas). These regions have
had some of New Zealand's highest rates of
campylobacter notifications in recent years,
and ethics committees based in each of the four
regions approved the study.

Cases were identified through routine notifi-
cations to medical officers of health by medical
practitioners. Nearly all notifications of cam-
pylobacter infection in New Zealand are
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687Campylobacteriosis in New Zealand

Table 1 Characteristics of cases and controls

Controls No
Characteristics Cases No (%/o) (%/0)

Ethnicity:
European 564 (90.8) 563 (90.7)
Maori 33 (5.3) 33 (5.3)
Pacific Island 5 (0.8) 7 (1.1)
Asian 11 (1.8) 4 (0.6)
Indian 5 (0.8) 10 (1.6)
Other 3 (0.5) 4 (0.6)

Household income (NZ $ I y):
<10 000 28 (4.8) 33 (5.6)
10-25 000 103 (17.5) 106 (17.9)
25-40 000 161 (27.4) 155 (26.1)
>40 000 296 (50.3) 299 (50.4)

Highest school qualification:
No qualification 90 (15.5) 88 (15.0)
School certificate > 1 subject 109 (18.7) 105 (17.9)
Sixth form certificate or university entrance in > 1 subject 144 (24.7) 151 (25.7)
University degree or technical qualification 232 (39.9) 237 (40.4)
Other qualification 7 (1.2) 6 (1.0)

Urban v rural residence:
Urban 532 (85.7) 541 (87.1)
Rural 89 (14.3) 80 (12.9)

confirmed in the laboratory. At the start of the
study general practitioners serving the four
regions were reminded to report all cases of
campylobacteriosis in a timely manner. En-
hanced reporting was prompted by letters to
the GPs from the local study coordinators, by
publicity about the study in medical newspa-
pers, and by reminders to GPs from laborato-
ries that were identifying the organism in their
patients.

All case patients whose illness was notified
within 14 days of onset were eligible, with the
following exceptions: persons who did not
speak English well, those who did not have
home telephones, and those who were living in
an institution. Cases from recognised out-
breaks were not included. For household clus-
ters, only the first reported case patient was eli-
gible. In months when the number of
notifications exceeded the target sample size
for a centre, a systematic random sampling
method was used by the local study coordina-
tors to select subjects to approach for inclusion
in the study.

Case patients were approached by telephone
in a standardised manner. All who agreed to
participate were interviewed at home within 48
hours of the time of notification. For eligible
case patients under age 16 years, a parent or
guardian was interviewed.

Controls were matched to case patients by
sex, age group, and home telephone prefix.
Matching individuals were located by tele-
phone using residential listings selected in a
random fashion from local telephone directo-
ries. Repeated attempts were made to contact
potential controls who could not be reached on
the first approach. No records were kept of the
number of calls made to recruit controls.
Exclusion criteria for controls were identical to
those for case patients, except that potential
controls were also excluded if they had
reported any diarrhoea in the previous month.
Interviews with controls took place within 14
days of the case-patient interview.
The questionnaire examined the subject's

food preferences in a typical month, recent
exposures to particular foods, and usual food
preparation methods. There were also ques-

tions on non-food exposures, such as recent
travel, home water supply, home sewerage, pet
ownership, and occupational exposure to
animals.
Data from the questionnaires were double-

entered, and a conditional logistic regression
for 1:1 matched data was performed. Exposure
variables were expressed in dichotomous cat-
egories so that matched odds ratios and 95%
CI could be calculated.

Stepwise logistic regression was then under-
taken to identify the combination of variables
that best explained the differences between
cases and controls. This method provided odds
ratios and 95% CI for each risk factor
independently, adjusting for all other variables
included in the model. Following multivariate
analysis, population attributable risk percent-
ages were computed, given a reference popula-
tion with the same distribution of age, sex, and
telephone prefix as the participants in this
study. These were calculated to assess the rela-
tive contribution of each independent risk fac-
tor to the incidence of disease.

Results
There were 621 case patients and an equal
number of matched controls recruited into the
study. The case patients represented 24% of
the 2585 persons notified with campylobacter
infections in the four centres during the nine
months of data collection. There were 186
potential case patients (8%) who could not be
located within 48 hours of notification, 77
(3%) who refused to participate, 58 (2%) who
had to be excluded after interview because a
matching control could not be found within 14
days, and 14 (0.5%) who met the other exclu-
sion criteria. The remaining 1629 persons
notified with campylobacteriosis were not
sought for interview because their illness was
part of a recognised outbreak (1%), because
their notification was more than 14 days after
the onset of illness (9%), or because they were

Table 2 Frequency of symptoms reported by cases

Symptoms No (%)

Diarrhoea 612 (98.6)
Stomach pains/cramps 558 (89.9)
Fever 454 (73.1)
Nausea 394 (63.4)
Blood in stool 219 (35.3)
Vomiting 194 (31.3)
Headache 152 (24.5)
Lethargic/tired 94 (15.1)
Body aches and pains 68 (11.0)

KEY POINTS

* Campylobacteriosis accounts for approxi-
mately two thirds of all notifiable disease
reports in New Zealand.

* Recent consumption of raw or under-
cooked chicken was strongly associated
with campylobacteriosis.

* Thorough cooking of chicken could
reduce the incidence of campylobacterio-
sis.
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Table 3 Odds ratios forfood exposures in prior 10 days, matched by age, sex, and telephone prefix

Cases Conitrols
Food consumied in prior 10 d No (%) No (Yo.) Odds ratio (95% CI)

More than one poultry meal 401 (64.6) 364 (58.6) 1.31 (1.03, 1.67)
More than one chicken meal 398 (64.1) 361 (58.1) 1.31 (1.03, 1.66)
Any chicken raw or undercooked 108 (17.4) 27 (4.3) 4.52 (2.88, 7.10)
Cooking method:
Any barbecued chicken 68 (11.0) 30 (4.8) 2.60 (1.64, 4.12)
Any fried chicken 192 (30.9) 141 (22.7) 1.55 (1.19, 2.01)
Any baked/roasted chicken 265 (42.7) 308 (49.6) 0.75 (0.60, 0.94)

Type of chicken serving:
Any whole chicken 196 (31.6) 271 (43.6) 0.59 (0.46, 0.74)
Any chicken pieces 418 (67.3) 346 (55.7) 1.67 (1.32, 2.13)

Site of preparation:
Any chicken prepared at own home 387 (62.3) 441 (71.0) 0.67 (0.52, 0.85)
Any chicken prepared at someone else's house 82 (13.2) 49 (7.9) 1.75 (1.21, 2.53)
Any chicken prepared at a sit-down restaurant 113 (18.2) 36 (5.8) 3.85 (2.52, 5.88)
Any chicken prepared at a takeaway establishment 135 (21.7) 91 (14.7) 1.70 (1.24, 2.32)

Form of purchase:
Any chicken purchased fresh and uncooked, then frozen at home 118 (19.0) 120 (19.3) 0.98 (0.74, 1.30)
Any chicken purchased fresh and uncooked, and not frozen at home 120 (19.3) 107 (17.2) 1.15 (0.86, 1.54)
Any chicken purchased frozen 187 (30.1) 260 (41.9) 0.61 (0.48, 0.77)
Any chicken purchased pre-cooked to take home 24 (3.9) 16 (2.6) 1.53 (0.80, 2.94)

Dairy products:
Any unpasteurised milk 36 (5.8) 15 (2.4) 3.10 (1.52, 6.32)
Any unpasteurised cream 12 (1.9) 1 (0.2) 12.00 (1.56, 92.28)

not selected in the lottery used when the The strongest associations for food expo-
number of notifications per month exceeded a sures were found with recent consumption of
centre's target sample size (53%). chicken, particularly raw or undercooked

Case patients and controls were remarkably chicken, or chicken prepared at a sit-down res-
similar in terms of ethnicity, household in- taurant. Barbecued chicken and fried chicken
come, highest school qualification, and urban were positively associated with disease, while
or rural residence, as shown in table 1. The consumption of baked or roasted chicken
subjects were also representative of the popula- seemed to be protective, as was chicken
tion reported with campylobacteriosis recently pucaed foze Unpasteuris dairyhprod-

n 2purchased frozen. Unpasteurised dairy prod-
ucts also were linked strongly with disease.

Symptoms reported by case patients are No special definitions of "raw" or "under-
shown in table 2. Duration of illness ranged cooked" were used. Of the case patients who
from 1 to 16 days, with a median of 7 days. ported e re or undercase chien in

More than 70% of case patients sought medical reported eating raw or undercooked chicken in
attention for their illness within 3 days of onset. the previous 10 days, 61 % had eaten such food

Table 3 shows matched odds ratios for food outside of home, compared with 41% of
exposures in the prior 10 days that were found controls.
to be associated with campylobacteriosis. Table Non-food exposures with strong associations
4 shows matched odds ratios for key non-food included overseas travel in the prior 10 days,
exposures. No allowance was made for multi- consumption of certain untreated water, and
ple comparisons, and it is likely that some of contact with cattle and puppies (particularly
these associations occurred by chance. handling of their faeces). Occupational contact

Table 4 Odds ratios for non-food exposures, matched by age, sex, and telephone prefix

Cases Controls
Risk factor No (Go) No (°/) Odds ratio (95% CI)

Travel:
Overseas travel in prior 10 d 31 (5.0) 7 (1.1) 4.43 (1.95, 10.06)
Overseas travel to non-OECD country in prior 10 d 16 (2.6) 0 (0.0) Undefined

Water and sewerage:
Non-citywatersupplyathome 65 (10.5) 61 (9.8) 1.15 (0.68, 1.95)
Non-city water outside of home in prior IO d 108 (17.4) 72 (11.6) 1.63 (1.17, 2.27)
Rainwater source for home water supply 23 (3.7) 11 (1.8) 2.20 (1.04, 4.65)
Sewerage problem at home in prior 10 d 20 (3.2) 7 (1.1) 2.86 (1.21, 6.76)

Faeces:
Any handling of animal faeces in prior 10 d 139 (22.4) 154 (24.8) 0.86 (0.65, 1.14)
Handling of calf faeces in prior 10 d 25 (4.0) 7 (1.1) 5.50 (1.90, 15.96)
Handling of bovine faeces in prior 10 d 43 (6.9) 20 (3.2) 3.09 (1.57, 6.10)
Handling of puppy faeces in prior 10 d 8 (1.3) 1 (0.2) 8.00 (1.00, 63.97)

Pets:
Any pets at home 423 (68.1) 437 (70.4) 0.89 (0.69, 1.15)
Ownership of puppy (dog <6 mth old) 26 (4.2) 1 1 (1.8) 2.67 (1.24, 5.74)
Ownership of two or more puppies 7 (1.1) 0 (0.0) Undefined
Ownership of caged bird 65 (10.5) 54 (8.7) 1.22 (0.84, 1.79)
Ownership of three or more caged birds 14 (2.3) 4 (0.6) 3.50 (1.15, 10.63)
Any pets in home with diarrhoea in prior 10 d 25 (4.0) 12 (1.9) 2.08 (1.05, 4.15)

Other animals:
Any contact with animals in prior 10 d or at work 497 (80.0) 534 (86.0) 0.62 (0.44, 0.85)
Any contact with cattle in prior 10 d or at work 46 (7.4) 24 (3.9) 2.29 (1.30, 4.05)
Any contact with new/aborted calves in prior 10 d or at work 32 (5.2) 18 (2.9) 2.27 (1.12, 4.62)
Occupational contact with any animal carcasses* 29 (6.4) 15 (3.4) 1.92 (0.95, 3.85)
Occupational contact with cattle carcasses* 20 (4.4) 7 (1.6) 2.83 (1.12, 7.19)
Occupational contact with calf carcasses* 10 (2.2) 1(0.2) 8.00 (1.00, 63.97)

*Denominator excludes children and other persons unable to work.
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Table 5 Multivariate analysis of risk factors for campylobacteriosis, matchedfor age, sex, and telephone prefix

Population
Adjusted odds ratio Exposure in attributable

Risk factor (95% CI) controls (%) risk (%)

Rainwater source for home water supply 3.11 (1.30, 7.41) 2 *
Preference for chicken liver _ 1 / mth 2.47 (1.22, 4.98) 3 *
Preference for chicken pieces _ 1 / wk 1.44 (1.10, 1.89) 43 16
Puppy ownership 3.94 (1.57, 9.88) 2 5
In prior 10 d:
Any chicken raw or undercooked 3.71 (2.24, 6.13) 4 11
Any chicken prepared at a sit-down restaurant 3.53 (2.17, 5.72) 6 13
Any chicken prepared at someone else's house 1.77 (1.12, 2.80) 8 6
No baked/roasted chicken 1.75 (1.33, 2.32) 50 27
Any barbecued chicken 1.88 (1.05, 3.36) 5 *
Other raw or undercooked meat or fish 3.67 (2.07, 6.50) 5 11
Any unpasteurised milk 3.92 (1.66, 9.27) 2 7
Handling of calf faeces 4.40 (1.34, 14.39) 1 *
Sewerage problems athome 4.35 (1.55, 12.18) 1 *

*Population attributable risk (%) <5%.

with bovine carcasses was also strongly associ-
ated with disease.
Few food preferences in a typical month

were associated with disease. Exceptions were a
preference for chicken pieces at least once per
week (matched odds ratio 1.41; 95% CI 1.12,
1.77) and a preference for chicken liver at least
once per month (matched odds ratio 2.31; 95%
CI 1.29, 4.16).
There was an inverse association for above

average consumption of most salads and other
raw vegetables in a typical month. Preferences
for salads made at home, including lettuce sal-
ads, coleslaw, and potato salads all seemed to
be protective against disease. A similar effect
was seen with raw vegetables eaten at least
three times per week (matched odds ratio 0.69;
95% CI 0.53, 0.92). No associations were
found for meat or seafood salads, or for fruit
salads. Prepackaged salads eaten at least once
per week were positively associated with
disease (matched odds ratio 2.10, 95% CI
1.25, 3.52).
Few food preparation practices in the home

were associated with disease, including how
poultry and other meats were handled. Use of
the same chopping board to cut raw meat or
poultry and to prepare other foods had no
association with disease, although using a
chopping board made of wood seemed to be
protective against disease (matched odds ratio
0.77; 95% CI 0.61, 0.96). Chopping board
cleaning practices had no association with dis-
ease.

Results of the multivariate analysis are
shown in table 5, together with population
attributable risk percentages. The strongest
population attributable risk percentage was
derived from not consuming any chicken that
was baked or roasted in the previous 10 days.
Preference for chicken pieces, consumption of
undercooked chicken or other meats and fish in
the prior 10 days, and consumption of chicken
in a sit-down restaurant also had large popula-
tion attributable risk percentages.

Discussion
POULTRY
Previous studies have frequently shown asso-
ciations between campylobacteriosis and the
consumption of poultry. In some studies only
raw or undercooked poultry was associated

with disease.5 In others there was a link with
both fully cooked chicken and raw or under-
cooked chicken.6

This study confirmed a leading role for
poultry in human campylobacter infections.
The combined population attributable risk
percentage for the chicken related variables in
the multivariate model exceeded 50%, suggest-
ing that consumption of chicken lies behind
more cases of campylobacteriosis in New Zea-
land than all other risk factors combined.

Microbiological surveys of processed
chicken ready for sale in New Zealand and
elsewhere support the biological plausibility of
this finding. A microbiological survey of 164
raw poultry samples, collected at random in
1992-93 from registered New Zealand poultry
processors, found that 84 samples (51 %) were
contaminated with campylobacter."6 This rate
was comparable to those reported in the
United States,"7 and the United Kingdom.'8
The raised risk associated with chicken con-

sumption in our study was dependent on the
cooking method, which may be related to the
thoroughness of cooking. Baking or roasting
chicken may ensure that campylobacter con-
tamination has been eliminated prior eating.
Barbecued or fried chicken, on the other hand,
may not be thoroughly cooked on the inside.
Freezing chicken may also reduce risk. This
finding was consistent with the New Zealand
microbiological survey, which found that none
of 17 frozen chickens studied had any campy-
lobacter present.'6

Increased risk from chicken meals eaten out-
side the home has been shown elsewhere.'
Cooking of chicken in commercial establish-
ments may be less thorough than necessary, in
the interest of serving large numbers of patrons
as rapidly as possible. The finding that risk is
higher from sit-down restaurants than takea-
way establishments is interesting, and requires
further study.

If chicken has played a role in the growing
incidence of campylobacteriosis in New Zea-
land, possible reasons may include a growing
preference for chicken among consumers or a
wider availability of the types of chicken
servings having higher risks. It is also possible
that campylobacter contamination of raw
poultry products for sale in New Zealand has
increased or that preferred cooking methods of
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chicken in homes and restaurants have
changed.

OTHER FOOD FACTORS
Preferences for meats other than poultry
showed almost no associations with campylo-
bacteriosis. This finding parallels those found
elsewhere,`5 and suggests that preventive ef-
forts be targeted particularly at poultry.
The strong protective effects of salads and

vegetables, other than meat salads, fruit salads,
and prepackaged salads, could have occurred
because people who bother to prepare salads
with their meals may be more careful to ensure
that their meats, including poultry, are cooked
thoroughly. These may also be chance findings
resulting from multiple comparisons, and
should be confirmed in other studies.
The absence of links between food prepara-

tion practices in the home and campylobacte-
riosis has also been observed in Norway.7 This
suggests that while good hygiene in the kitchen
is important, it is the thorough cooking of
foods, particularly poultry, that may be most
essential in preventing disease. The apparent
protective effect of using chopping boards
made of wood has been discussed elsewhere,'9
but should be accepted cautiously.

NON-FOOD RISK FACTORS

Overseas travel is widely accepted as a risk fac-
tor for campylobacteriosis and other enteric
infections.'4 The association with rainwater as a
home water source has not been described
elsewhere, but it is biologically plausible. These
water systems are typically untreated. Wild
birds, which are a major animal reservoir for
Campylobacter species, can easily contaminate
these systems by roosting on the roof where the
rainwater is collected.

Contact in the home with puppies has also
been linked to campylobacteriosis in Britain.'2
Dogs are known to have a high rate of carriage
of campylobacter,2" and the playful disposition
of puppies no doubt facilitates transmission.
Increased risk of campylobacteriosis following
contact with a diarrhoeic pet has been seen
previously.'3 The occupational risk of campylo-
bacteriosis from handling meat carcasses has
been noted already in New Zealand.2'

POTENTIAL SOURCES OF BIAS

Care was taken to ensure that systematic
differences in case patients and controls were
minimal. Once it was known that a matching
control resided at a particular address, that
residence was called repeatedly to recruit the
matching individual into the study. Despite
such safeguards it is possible that the controls
who ended up in the study were simply more
likely than case patients to spend time at home.
If so, this could explain some or all of the risk
seen with exposures to foods prepared outside
of the home. There was also a danger from
selecting controls by telephone, as occasionally
the information obtained about who lived in a
household may have been false.

Further bias may have been introduced if
case patients remembered details of their
exposures better than controls because of their

illness. We sought to balance the superior recall
of case patients by asking controls to recall
their exposures, including food consumption,
from a more recent reference period, the 10
days prior to the interview. This technique has
been used elsewhere.8

CONCLUSION
Campylobacteriosis is a common disease with
a number of common causes, the most impor-
tant being consumption of undercooked
chicken. Awareness of thorough cooking can be
achieved through public health messages pro-
moting the baking and roasting, instead of the
frying and barbecuing, of chicken. Restaurants
may need special targeting to ensure that the
chicken they serve is cooked sufficiently.
Most of the other risk factors for this disease

are also modifiable by simple behavioural
changes. These would include avoidance of
unpasteurised dairy products and untreated
drinking water. Other preventive measures
would include careful hand washing after han-
dling animal carcasses, live cattle or calves, and
puppies.
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