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SUMMARY

It is important to assess the suitability of sentinel sites for human disease; however, there have
been few publications documenting the process of formal evaluation. We describe an approach
to examining the representativeness of a single sentinel site employed for campylobacteriosis
surveillance and source attribution, utilizing a selection of data sources and statistical
comparisons of demographic, epidemiological and pathogen genotyping data across selected
regions of New Zealand. Our findings showed that while this region captured the national
variability in many variables, for example by containing sizable urban and rural populations, the
relative frequency of these features did vary from other regions of New Zealand. We discuss the
value of choosing a sentinel site that represents the national distribution of key variables, compared
to a site that captures the broad features of the wider population, but provides greater power
for the monitoring of sub-populations.
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INTRODUCTION

Data sourced from surveillance systems can help to
determine priorities for effective disease control and
prevention strategies [1]. Surveillance systems may
have different goals and can be classified as either
control-focused, aiming to identify outbreaks of dis-
ease and implement interventions, or strategy focused
[2, 3]. Strategy-focused surveillance can provide data
valuable for hypothesis-driven research, addressing
questions related to: source attribution; risk factors
for disease; spatial epidemiology; temporal patterns

and trends; and the effect of interventions – thereby
providing information for developing policy [3–5].
Thus, surveillance systems need to be fit for purpose
with the importance of evaluating surveillance systems
increasing [1].

The development of a sentinel site surveillance sys-
tem for campylobacteriosis in New Zealand allowed
strategy-focussed, targeted, intensive surveillance, in
combination with molecular epidemiology, to answer
a number of critical questions regarding source attri-
bution and potential control measures for the disease
[6–8]. The rationale for choosing the Manawatu re-
gion of New Zealand has been discussed previously
[9]. Briefly, this region was selected based on the num-
ber of inhabitants, a population structure that cap-
tured features of a wider population, including both
urban and rural areas, and the availability of a large
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number of cases with high-quality epidemiological
data. This allowed hypothesis-driven research, provid-
ing evidence for interventions and policy development.
Numerous studies conducted in the sentinel site region
provided evidence that poultry meat was a significant
source of human cases [6, 10–12]. These findings led
to the implementation of a risk management strategy
by the then New Zealand Food Safety Authority
(NZFSA) in 2008 [13], which resulted in a drop in the
number of notified campylobacteriosis cases in New
Zealand [14, 15]. Assessments of the interventions
provided an evaluation of the sentinel site in terms
of usefulness (impact) and validity of data [14].

Given the outcome of the poultry interventions [13]
and changes in population structure and livestock
densities nationally, it was considered important to
examine whether the Manawatu region remained suffi-
ciently representative of the rest of New Zealand, and
suitable as a sentinel site for campylobacteriosis sur-
veillance in the post-intervention period.

The aim of this study was to evaluate the Manawatu
region ofNewZealand as a sentinel surveillance site for
campylobacteriosis. The criteria for evaluation con-
sidered the ‘representativeness’ of the sentinel site, the
completeness of data collected, and the purpose of the
surveillance activities. The representativeness of a sur-
veillance system is concerned with howwell the features
of population of interest are reflected in the surveillance
data collected [1]. The system provides integrated sur-
veillance across human, animal and environmental
populations. To address this, we compared the de-
mography of the human population, the distribution
of factors that have been shown to be associated pre-
viously with the incidence and source attribution of
campylobacteriosis, the epidemiology of campylobac-
teriosis, and the genotype distributions in human
cases and other sources in the Manawatu region with
other key regions in New Zealand.

METHODS

Regions

The representativeness of the Manawatu region
[MidCentral District Health Board (DHB) including
Otaki ward] was compared to other key regions in
New Zealand that included: Auckland (Auckland,
Waitemata and Counties Manukau DHBs combined)
and Wellington (Capital and Coast DHB) in the North
Island of New Zealand, and Canterbury (Canterbury
DHB) in the South Island of New Zealand (Fig. 1).

Data sources

To evaluate representativeness, a number of data
sources were used to allow comparison of the
human, livestock and genotype populations captured
through the sentinel surveillance site.

Demographic

Demographic data were obtained from the 2006
Census for New Zealand (due to postponement of
2011 Census). The census data retrieved included:
the usual resident population count and counts by
age (in 5-year increments, from 0–4 to 565 years),
gender, and ethnicity. Ethnicity was provided in the
Statistics New Zealand standard groups (Asian;
European; Māori; Middle Eastern, Latin American
and African; Pacific Peoples; Other), of which more
than one group could be selected. Data on urban/
rural profile and Social Deprivation index (SDI)
score were obtained at the meshblock level, the smal-
lest geographical unit of classification provided by
Statistics New Zealand. SDI score is based on a com-
bination of nine census variables to provide an ordinal
scale that is coded from 1 to 10, with 1 representing the
least and 10 representing the most deprived areas [16].

Livestock density and poultry supplies

Agricultural and land use data, including farm size
and number of livestock, for the years 2005, 2008
and 2012 were obtained from AgriBase™
(AsureQuality, NZ) The farms’ spatial location was
linked to meshblock data using the geographical infor-
mation system Quantum GIS v. 1.8.0 (http://qgis.org/
downloads/). Poultry supply data were made available
for the years 2005–2008, by the Poultry Industry
Association of New Zealand. Data included infor-
mation on the volume of supply from the two largest
New Zealand companies to the Manawatu,
Canterbury and Auckland regions.

Human campylobacteriosis cases

Anonymized data on human campylobacteriosis cases
were provided from the national notifiable disease
database (Episurv) by the Institute of Environmental
Science and Research (ESR) Ltd, for the years
2005–2011 inclusive. Data included information on
age, gender, occupation, ethnicity, contact with ani-
mals or sick animals, meshblock code, report date,
urban/rural classification and water zone. Other data
provided included exposure to untreated water and
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whether a case was overseas during the disease’s incu-
bation period.

Genotyping data

Genotyping data were collated from isolate databases
held at ESR and Massey University. Data on human,
ruminant and poultry Campylobacter isolates were
available from 2000 to 2012 for the Manawatu and
Canterbury regions. Primary human cases infected
with Campylobacter jejuni that were resident in the
Manawatu and Canterbury regions were typed using
the seven-gene multilocus sequence typing scheme de-
scribed by Dingle et al. [17].

Data analysis

Demography of the human population

The data on the three urban and four rural profile cat-
egories, were combined into a binary variable coded

as urban (main urban area, independent urban area
and satellite urban area) and rural (highly rural/re-
mote area, rural area with high urban influence,
rural area with moderate urban influence and rural
area with low urban influence). Data classed as being
outside of the urban/rural profile were excluded.
Population counts by age, gender, ethnicity, urban/
rural profile and SDI were summarized as counts and
percentages for Auckland, Manawatu, Wellington
and Canterbury regions. χ2 tests were used to compare
the demographic variables by region; analyses were
conducted in Stata v. 12 (Statacorp LP, USA) and
the level of statistical significance was P < 0·01.

Livestock density and poultry supplies

The number of beef cattle, dairy cattle, sheep and total
livestock were summarized at the meshblock level and
densities created for each meshblock based on the
number of livestock and the area (hectares) of the

Fig. 1. A map of New Zealand with the Manawatu, Auckland, Wellington and Canterbury regions highlighted.
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meshblock (using 2006 meshblock codes). Ruminant
and poultry densities were created for 2005, 2008
and 2012. Quantum GIS (v. 1·8·0) was used to map
the ruminant and poultry density, separately, for
each year investigated.

Total livestock density was categorized into three
groups based on the median density value of total live-
stock in 2012 (none, zero livestock; low, <median
value; high, 5median). To compare the density of
livestock across the regions being investigated these
data were combined with the human case notification
data stratified by region.

Human campylobacteriosis cases

Data were summarized as counts and percentages stra-
tified by the Auckland, Manawatu, Wellington and
Canterbury regions; a region coding for the rest of
New Zealand was created. Cases that were recorded
as being overseas during the incubation period were
excluded from the analysis. Not all cases had complete
data for each of the variables provided in the data ex-
tract; the total number of cases may differ for each vari-
able investigated. Only regions with >50% completed
data (excluding truly missing data) were included in
the analysis. A previous report [12] had highlighted
the difficulty of establishing whether answers marked
as ‘unknown’ were truly unknown to the case or
whether the question was not asked or the answer
not recorded. Therefore, the ‘unknown’ data were in-
cluded in the summaries and, where appropriate, some
analyses were performed only on data known to be
given by the case (cases having contact with farm ani-
mals, sick animals and drinking untreated water).

Age was categorized into 10-year age bands and eth-
nicity was collapsed into five groups due to low number
of cases in the Middle Eastern, Latin American and
African ethnic groups. χ2 tests were used to compare
the demographic variables by region; the level of stat-
istical significance was P< 0·01. Multiple correspon-
dence analysis (MCA) was used to visualize the
epidemiological variables of cases projected onto a
two-dimensional plot. Multiple correspondence analy-
sis is an exploratory technique used to describe how
strongly and in which way variables are interrelated,
based on a data matrix [18]. To identify if there were
any changes in the demographics of cases post-
intervention, a binary variable was created to code
whether a case had occurred in the pre- (2005–2007)
or post- (2008–2011) intervention period. To identify
if the sentinel region was representative of cases in

other regions in the post-intervention period, when
the profile of cases may have changed, χ2 tests were
used to compare the proportion of cases in the pre-
and post-intervention periods, stratified by gender, eth-
nicity, and urban and rural profile. Denominator data
for rates per 1000 population were obtained from the
2006 Census. Case rates per 1000 population and
95% confidence intervals (CIs) were determined for
each region of interest, and for variables of interest stra-
tified by region and time (pre- or post-intervention)
period.

Genotyping data

The distribution of multilocus sequence types (STs) by
region and source was summarized using counts and
percentages. Diversity indices such as Shannon index
and Simpson index were calculated using PAST
v. 2.17 (http://folk.uio.no/ohammer/past/index_old.
html) and rarefaction curves were used to compare the
number of unique STs as a function of the number of
individuals sampled, for C. jejuni human and poultry
isolates, respectively, in the Manawatu and
Canterbury regions. A Venn diagram was created
using Venny [19] to identify the number of C. jejuni
STs, for both human and poultry isolates, which were
shared between theManawatu andCanterbury regions.

Permutational multivariate analysis of variance
(PERMANOVA) was used to look at the varia-
tion in STs by region, based on a distance matrix of
the allelic profiles, and was calculated using
PERMANOVA+ (v. 1.0.4) in Primer 6, v. 6.1.14
(PRIMER-E Ltd). A second PERMANOVA was run
with ST474 (the prevalent ST in Manawatu) excluded
from the data to determine how much of the explained
variation between the two regions was explained by the
distribution of this dominant genotype.

A proportional similarity index (PSI) was used to
calculate a measure of similarity of the frequency dis-
tribution of STs between source and regions. A PSI of
1 indicates the two populations are identical, whereas
a PSI of 0 indicates that the two populations have no
STs in common [6]. Based on a matrix of 1 – PSI dis-
tances a Neighbour-Net tree was produced using
SplitsTree4 v. 4.11.3 (splitstree4.sharewarejunction.
com/), based on region and source (ruminant, poultry,
human). Multidimensional scaling bubble plots were
generated (Primer 6, v. 6.1.14) to show the frequency
of STs by human, ruminant and poultry sources, be-
tween the two regions. The size of the bubble indicates
the frequency of the ST for that source and region.
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RESULTS

Demography of human population

The total ‘usually resident population’ recorded in the
2006 Census for Manawatu, Auckland, Wellington
and Canterbury regions was 159807, 1319349,

265695 and 466 404, respectively. The total popu-
lation for each region stratified by the demographic
variables of interest are shown in Table 1. There
were a number of significant differences between
regions for age, ethnicity, urban/rural profile and
SDI. Manawatu and Canterbury regions had a higher

Table 1. Number and percentage of people in the Manawatu, Auckland, Wellington and Canterbury regions of New
Zealand as reported in the 2006 census, stratified by gender, age, ethnicity, urban/rural profile and Social Deprivation
index

Manawatu Auckland Wellington Canterbury
Variable Level n (%) n (%) n (%) n (%) P value

Gender 0·23
Female 82 314 (51·5) 676 677 (51·3) 238 953 (51·2) 238 953 (51·2)
Male 77 490 (48·5) 642 669 (48·7) 227 454 (48·7) 227 454 (48·8)
Total 159 804 1 319 346 466 407 466 407

Age (years) <0·001
0–4 10 515 (6·6) 95 205 (7·2) 17 490 (6·5) 29 403 (6·3)
5–9 11 391 (7·1) 96 582 (7·3) 16 896 (6·3) 30 078 (6·5)
10–14 12 204 (7·6) 100 968 (7·7) 17 358 (6·5) 32 208 (6·9)
15–19 12 864 (8·1) 100 389 (7·6) 19 377 (7·2) 33 918 (7·3)
20–24 11 319 (7·1) 99 693 (7·6) 22 908 (8·6) 32 595 (7·0)
25–29 8847 (5·5) 90 507 (6·9) 20 196 (7·6) 27 627 (5·9)
30–34 9795 (6·1) 99 681 (7·6) 21 687 (8·1) 32 250 (6·9)
35–39 10 677 (6·7) 106 446 (8·1) 21 909 (8·2) 35 640 (7·6)
40–44 11 811 (7·4) 106 725 (8·1) 21 687 (8·1) 36 144 (7·8)
45–49 11 235 (7·0) 94 143 (7·1) 18 483 (6·9) 34 347 (7·4)
50–54 9834 (6·2) 77 922 (5·9) 15 564 (5·8) 30 087 (6·5)
55–59 9270 (5·8) 69 252 (5·3) 14 181 (5·3) 28 305 (6·1)
60–64 7581 (4·7) 51 960 (3·9) 10 407 (3·9) 21 117 (4·5)
565 22 455 (14·1) 129 876 (9·8) 27 996 (10·5) 62 688 (13·4)
Total 159 798 1 319 349 265 698 466 407

Ethnicityb <0·001
Asian 7014 (4·0) 234 729 (17·0) 25 746 (9·1) 28 368 (5·8)
European 114 201 (65·8) 710 079 (51·3) 177 357 (62·7) 349 434 (71·9)
Māori 26 748 (15·4) 139 974 (10·1) 26 457 (9·3) 33 414 (6·9)
MELAAa 963 (0·6) 18 588 (1·3) 3924 (1·3) 3255 (0·7)
Pacific Peoples 4608 (2·7) 178 332 (12·9) 21 942 (7·7) 10 476 (2·2)
Other 20 163 (11·6) 101 667 (7·4) 27 411 (9·6) 61 104 (12·6)
Totalb 173 697 1 383 369 282 837 486 051

Urban/rural profile <0·001
Rural 29 067 (18·3) 62 610 (4·7) 2178 (0·8) 60 330 (12·9)
Urban 129 741 (81·7) 1 256 658 (95·2) 264 447 (99·2) 406 014 (84·0)

SDI <0·001
1 11 904 (7·5) 139 764 (10·6) 51 861 (19·5) 68 232 (14·6)
2 13 560 (8·6) 151 287 (11·5) 30 366 (11·4) 56 352 (12·1)
3 13 116 (8·3) 146 379 (11·1) 28 950 (10·9) 51 897(11·1)
4 12 903 (8·1) 129 219 (9·8) 29 910 (11·2) 52 533 (11·3)
5 17 130 (10·8) 121 368(9·2) 25 683 (9·6) 49 014 (10·5)
6 18 252 (11·5) 119 778 (9·1) 23 706 (8·9) 50 250 (10·8)
7 18 081 (11·4) 117 201(8·9) 20 061 (7·5) 40 107 (8·6)
8 19 551(12·3) 123 537 (9·4) 17 151 (6·4) 39 948 (8·6)
9 19 404 (12·2) 123 546 (9·4) 14 367 (5·4) 36 549 (7·8)
10 14 667 (9·3) 145 899 (11·1) 23 574 (8·8) 21 468 (4·6)

SDI, Social Deprivation index.
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percentage of people aged 565 years, a higher per-
centage of people domiciled in rural areas and a
higher percentage of people with SDI scores of 7–9
compared to the other regions.

Factors associated with campylobacteriosis

The density of poultry and ruminants for the years
2005, 2008 and 2012 is shown in Figure 2. Overall,
there were more areas with a high ruminant density
in 2005 and 2008, and a reduction in the number of
meshblocks with high density of ruminants in 2012.

There was little change in the areas with high or low
poultry density across the 3 years. Most of the poultry
supplied to Auckland, Manawatu and Canterbury
regions was from company A (82%, 70% and 95%, re-
spectively), with Manawatu having the highest per-
centage (30%) from company B.

The epidemiology of human campylobacteriosis cases

In total, 70 394 notifications of campylobacteriosis
cases were recorded in New Zealand from 2005 to
2011. Overall, 1599 (2%) cases were reported to have

Fig. 2. (a) Ruminant density (number per hectare) and (b) poultry density (number per hectare) in each meshblock in the
years 2005, 2008 and 2012. Data sourced from AgriBase™.
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been overseas during the incubation period and were
excluded from the analysis; 45 917 (65%) cases were
reported as ‘unknown’. There was 410% of missing
data for each region for the variables age, gender,
and urban and rural profile, and <50% of missing
data for the variable ‘source of untreated water’.
The high percentage of ‘unknown’ reported in some
regions for the variables ‘farm’, ‘sick’ and ‘water’ is
shown in Table 2.

Therewas a significant difference in the percentage of
male and female cases by region (P= 0·004) (Table 2).
The age distribution of cases differed significantly by
region (P< 0·001), with the highest proportion of
cases in Manawatu being aged 0–4 or 20–29 years,
while Wellington and Canterbury regions had high
proportions of cases aged 20–29 years (Table 2).

The percentage of cases reporting contact with farm
animals, sick animals or exposure to untreated water
differed significantly by region (P < 0·001) (Table 2).
Analysis of these variables with the ‘unknown’ data
excluded showed significant differences (P < 0·001) be-
tween regions. Of the cases that reported drinking
untreated water, most cases in Manawatu (42%,
223), Wellington (45%, 17) and Rest of New
Zealand (40%, 900) reported the source as ‘roof’,
while 46% (186) of cases in Canterbury reported
‘ground’ as the origin. In Wellington and Auckland
the proportion of cases residing in rural areas was
lower than Manawatu, Canterbury and the rest of
New Zealand (Table 2). Results of the multiple corre-
spondence analysis are shown in Figure 3. Cases that
had contact with sick animals, farm animals and

Table 2. Notified campylobacteriosis cases in New Zealand from 2005 to 2011 by gender, age, contact with farm or
sick animals, drinking untreated water and urban/rural profile, stratified by region

Manawatu Auckland Wellington Canterbury Rest of NZ
Variable n (%) n (%) n (%) n (%) n (%)

Gender
Female 801 (44·2) 10 016 (46) 2676 (46·2) 3632 (44·5) 13 437 (44·5)
Male 1011 (55·8) 11 749 (54) 3114 (53·8) 4513 (55·4) 16 735 (55·4)

Age, years
0–4 250 (13·7) 2366 (10·8) 826 (6·7) 390 (10·1) 3852 (12·7)
5–9 100 (5·6) 1135 (5·1) 350 (4·3) 253 (4·2) 1419 (4·6)
10–19 234 (12·8) 2551 (11·6) 973 (9·4) 551 (11·9) 3619 (11·9)
20–29 257 (14·1) 3942 (17·9) 1498 (22) 1286 (18·3) 4797 (15·8)
30–39 190 (10·4) 3061 (13·9) 1059 (15·5) 902 (12·9) 3565 (11·7)
40–49 212 (11·6) 2851 (12·9) 1043 (14·2) 833 (12·7) 3823 (12·6)
50–59 196 (10·8) 2493 (11·3) 952 (12·2) 716 (11·6) 3540 (11·6)
60–69 177 (9·7) 1879 (8·5) 727 (8·6) 5029 (8·8) 2936 (9·6)
70–79 132 (7·3) 1146 (5·2) 513 (5·1) 296 (6·2) 1896 (6·2)
580 73 (4·0) 552 (2·5) 233 (1·9) 111 (2·8) 884 (2·9)

Farm*
No 893 (49·0) 255 (1·1) 462 (7·9) 3725 (45·4) 8131 (26·7)
Yes 620 (34·0) 22 (0·1) 73 (1·2) 1276 (15·5) 5084 (16·7)
Unknown 308 (16·9) 22 050 (98·7) 5312 (90·8) 3195 (38·9) 17 192 (56·5)

Sick†
No 1315 (72·2) 260 (1·16) 427 (7·3) 4146 (50·5) 10 734 (35·3)
Yes 152 (8·3) 2 (0·01) 11 (0·19) 214 (2·6) 651(2·14)
Unknown 3836 (46·8) 22 065 (98·8) 5409 (92·5) 3836 (46·8) 19 022 (62·5)

Water‡
No 870 (47·7) 237 (1·06) 460 (7·8) 4016 (49) 8702 (28·6)
Yes 534 (29·3) 30 (0·13) 48 (0·82) 494 (6·0) 2434 (8)
Unknown 417 (22·9) 22 060 (98·8) 5339 (91·3) 3686 (44·9) 19 271 (63·3)

Profile
Rural 325 (19·8) 1,162 (5·5) 46 (0·8) 1150 (15·2) 5,860 (21·6)
Urban 1320 (80·2) 20 097 (94·5) 5569 (99·2) 6405 (84·8) 21 238 (78·4)

* Did case have contact with farm animals?
†Did case have contact with sick animals?
‡Did case drink untreated water?
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drank untreated water cluster together and also cluster
close to the Manawatu region, a rural location, aged
0–4 years and a meshblock with high livestock density.

In the post-intervention period a higher percentage
of cases were male (56%) compared to female,
compared to the pre-intervention period (54%,
P < 0·001). Rural cases increased from 11% in the

pre-intervention period to 18% in the post-
intervention period (P< 0·001) and non-European
cases rose post-intervention (18%) compared to
pre-intervention (12%, P < 0·001).

The campylobacteriosis notification rates for both
males and females in the post-intervention period were
lower in Manawatu compared to Auckland and

Fig. 3. Multiple correspondence analysis of epidemiological variables of notified campylobacteriosis cases occurring
between 2005 and 2011.
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Wellington. The notification rates for males were similar
inAuckland andCanterbury, and highest inWellington,
in the post-intervention period (Supplementary Fig. S1).
In the post-intervention period the campylobacteriosis
notification rates in rural (6·5/1000 people, 95% CI
5·6–7·5) and urban (4·6/1000 people, 95% CI 4·2–5·0)
areas were lower in Manawatu compared to Auckland
and Wellington (Supplementary Fig. S2), while urban
notification rates in Manawatu were similar to those in
Canterbury (4·9/1000 people, 95% CI 4·7–5·1).

Comparison of genotype distributions

There were 3290 fully multilocus sequence typed
C. jejuni isolates available from 2000 to 2012 for
analysis, of which 1635, 725 and 930 were from
human, ruminant and poultry sources, respectively.
Overall, 268 different C. jejuni STs were identified,
of which 117 were from human isolates. Within the
regions, 70 and 76 different C. jejuni STs were iden-
tified in Manawatu and Canterbury, respectively.
The frequency of C. jejuni STs from human isolates
differed between the Canterbury and Manawatu
regions (Supplementary Fig. S3). Overall, the most
common ST identified in the Manawatu region was
ST474 (26%, 226/860), compared to ST45 (14%, 111/
775) and ST50 (12%, 96/775) in the Canterbury re-
gion. In the post-intervention period (2008–2012),
ST474 was the most common (18%, 63/348) ST iden-
tified in the Manawatu region followed by ST50 (13%,
39/348), while in Canterbury ST45 (15%, 85/580) and
ST474 (11%, 64/580) were the most common STs
identified.

The diversity indices indicated the C. jejuni human
isolates to be slightly more diverse with greater species
richness in Canterbury (Simpson index: 0·93, 95% CI
0·92–0·94; Shannon index: 3·17, 95% CI 3·07–3·25)
compared to Manawatu (Simpson index: 0·90, 95%
CI 0·88–0·91; Shannon index: 2·94, 95% CI 2·85–
3·03). The diversity indices indicated the C. jejuni
poultry isolates to be slightly more diverse with
greater species richness in Manawatu (Simpson
index: 0·90, 95% CI 0·89–0·91; Shannon index: 2·72,
95% CI 2·62–2·82) compared to Canterbury
(Simpson index: 0·78, 95% CI 0·75–0·81; Shannon
index: 2·25, 95% CI 2·11–2·38). A Venn diagram indi-
cated 34 STs from human isolates and 17 STs from
poultry isolates were shared by both Manawatu and
Canterbury. PERMANOVA analysis showed that re-
gion explained 10% (P = 0·001) of the molecular vari-
ation in the C. jejuni human isolates. After removing

ST474 from the analysis, 5% (P= 0·014) of the vari-
ation was accounted for by region.

When comparing the genotype distributions using
the PSI, high similarities were observed for ruminant
sources (PSI 0·70, 95% CI 0·61–0·72) in Manawatu
and Canterbury, while poultry sources in both regions
had lower similarities (PSI 0·57, 95% CI 0·56–0·65).
Both human and poultry sources in Manawatu
showed high similarities (PSI 0·61, 95% CI 0·56–
0·65), as did poultry sources in Manawatu and
human sources in Canterbury (PSI 0·61, 95% CI
0·55–0·64). The least similarity was observed between
ruminant and poultry sources in both regions (PSI
0·28 and 0·31). The Neighbour-Net tree showed evi-
dence of variation in poultry isolates and ruminant
isolates in both regions (Fig. 4). There was a split
separating Manawatu human, poultry isolates and
Canterbury human from Canterbury poultry isolates
and the two ruminant sources.

Multidimensional scaling bubble plots showed dif-
ferent patterns of STs by source and within source
by region (Fig. 5). For human isolates, the dominant
ST in the Manawatu region was ST474, followed by
ST45 and ST53, while ST45 was more common in
human isolates from Canterbury (Fig. 5). Different
patterns were seen for poultry isolates between
regions, with ST45 being more common in
Canterbury compared to Manawatu, while ST45
and ST48 showed a similar frequency in Manawatu.
The pattern of the common STs (ST42, ST61, ST50)
from ruminant isolates was similar for both regions.

DISCUSSION

This study was designed to evaluate the suitability of a
sentinel surveillance site for campylobacteriosis
(Manawatu region), through the utilization of mul-
tiple data sources and statistical analysis of demo-
graphic, epidemiological and genotyping data. For
‘suitability’ we considered both the ‘representative-
ness’ of the sentinel site and the purpose of the surveil-
lance activities. If the rationale of a surveillance
system is strategy-focused (as with the Manawatu sen-
tinel site) and aims to detect changes in the epidemi-
ology of a disease in defined sub-populations it may
be better to choose a site that captures a broad diver-
sity of sub-populations with differing risk factors, than
a site that has an identical distribution of risk factors
to the rest of the country.

The demographic data for the regions studied indi-
cated that there were differences in the underlying
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population structure; age, ethnicity and urban and
rural profile varying between regions. Specifically,
while most of the regions were predominantly urban
areas, Manawatu and Canterbury had a similar, and
higher, percentage of rural population compared to
the other regions. Notification patterns and the rate
of disease have been shown to vary between urban
and rural areas [8, 10, 14, 20]. Therefore, if one of
the aims of a sentinel site is to capture the diversity
of risk factors, as with the Manawatu region, then
‘oversampling’ these sub-populations is of benefit for
understanding the determinants of trends in, for
example, both urban and rural populations. As such,
the Manawatu region may be considered suitable for
purpose. The disadvantage of this over-representation
of some sub-populations is that the overall picture
may be biased and less representative of the wider
population as a whole. SDI is associated with the
notification rates of campylobacteriosis in New
Zealand, with lower rates in deprived urban areas
[8]. The broad representation of sub-populations
with different levels of deprivation, and similarity
with other regions, demonstrated the Manawatu re-
gion was suitable for monitoring trends across the
demographic range of SDI. Thus, aside from gender,
and to a lesser extent SDI, the Manawatu region
may not be representative of the demographic

structure of populations in all the regions studied,
and New Zealand as a whole. However, the
Manawatu region does capture the diversity of the
population in the area, through the distribution of
age, ethnicity, SDI score and urban and rural profile.

While there was no marked difference in the poultry
supply to the Manawatu region compared to other
regions, as determined by the relative contribution
of different companies (although the farms and pro-
cessing plants sourced by the companies that supply
each region will inevitably differ), an increase in the
amount supplied by company B to the region was ap-
parent in 2007 and 2008. The data available precluded
a detailed examination of the poultry industry in each
region. It is possible therefore that any dissimilarity in
poultry supply pre- and post-intervention may explain
differences in the Campylobacter genotypes in both
poultry and human cases.

The results of the livestock data analysis showed an
apparent change in the ruminant densities across New
Zealand in recent years. However, while some reduc-
tions in sheep and dairy numbers were evident, care
should be taken in the interpretation of these data
due to voluntary reporting of livestock numbers by
farmers. The MCA indicated that the density of live-
stock clustered with notified cases by region.
Previous reports have shown the density of ruminants

Fig. 4. Neighbour-Net of 1 – PSI for Campylobacter sequence types grouped by region and source.
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in rural areas to be associated with notifications and
the risk of campylobacteriosis [8, 10]. Therefore,
some areas within the Manawatu region may have dif-
ferent risks of exposure to potential environmental
pathways, compared to that of the other regions.

The MCA showed the Manawatu region clustered
with rural dwelling, high livestock density, 0–4 years
age group, exposure to farm animals, untreated
water and sick animals, highlighting the association
between the region’s cases and variables linked with
rural residence and the risk of campylobacteriosis
[8]; making it suitable for examining the epidemiol-
ogy of campylobacteriosis in rural sub-populations.
Furthermore, the Manawatu region had a similar
age distribution as notified cases in Auckland and
the rest of New Zealand, and a similar gender distri-
bution to cases in Canterbury

A comparison of the notified cases in the pre-
and post-intervention period indicated a significant

difference in the percentage of cases by age, ethnicity
and urban and rural profile. Previous studies [14, 15]
have reported the success of the intervention in the
poultry industry in New Zealand at reducing cases
of campylobacteriosis by 50%. More people may
have sought medical care thereby creating increased
reporting of cases associated with a public awareness
campaign [4, 13]. Furthermore, the intervention was
successful at reducing poultry-associated cases in
urban areas, with less impact on rural areas [14]. In
support of this, the Manawatu region appeared
to be representative of campylobacteriosis notification
rates in urban areas in Auckland and Canterbury
post-intervention.

Notified case data should be interpreted with cau-
tion due to the variability in reporting across different
DHBs [9, 21], which may have resulted in reporting
bias. Furthermore, surveillance of campylobacteriosis
was enhanced in the Manawatu region from 2007,

Fig. 5. Multidimensional scaling bubble plots of sequence type frequency by region (Manawatu and Canterbury) and
source (human, ruminant and poultry).
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resulting in a 97% case contact rate and 96–100%
completeness of notification data fields [22]. Missing
data or a lack of follow-up in some regions may
have resulted in under-reporting of risk factors for
campylobacteriosis compared to the Manawatu re-
gion. Although the percentage of truly missing data
was low (<10%), the main issue was the use of the
category ‘unknown’, specifically for reporting ex-
posure to farm or sick animals or untreated water.
A previous report highlighted that ‘unknown’ could
be supplied by the case or reported by the health pro-
tection officer if the question was not asked, [12, 22],
which could contribute to the amount of missing data.

The results indicated the Manawatu region was
likely to be representative of isolates from ruminant
sources in Canterbury, while there were differences
in the distribution and frequency of STs from
human and poultry isolates. The Canterbury region
had a slightly more diverse population in human
cases with greater species richness compared to
Manawatu. The PERMANOVA analysis indicated
that half the variation in STs between the two regions
was due to the high prevalence of ST474 in the
Manawatu region [2]. While this may indicate some
bias in Manawatu due to ST474, there were still differ-
ences between regions when this ST was excluded
from the analysis. Therefore, it is possible that the
genotype distribution of campylobacteriosis in
Manawatu may differ from other regions in New
Zealand. The strong association between poultry sup-
plier and ST could explain both spatial and temporal
variation in genotypes in poultry and humans [23],
and this should be taken into consideration when
assessing the suitability of the Manawatu region as a
sentinel site.

The work presented in this study provides an evalu-
ation of the Manawatu region as a sentinel site for
campylobacteriosis in New Zealand, in terms of its
representativeness and the extent to which it captured
features of the population of New Zealand. Potential
limitations of the data should be viewed in the context
of the purpose of the Manawatu sentinel site, which
was primarily for informing policy and source attri-
bution rather than local disease control. Although
the region has a mixed population of urban and
rural dwellers, across all age groups, and captures
variation in many demographic variables, the relative
frequency of these features did vary, often markedly,
from other regions and the population of New
Zealand as a whole. This suggests that, if the aim is
to monitor a sentinel population that is representative

of the wider population, other surveillance sites may
be required in order to adequately inform future con-
trol policies. If, however, the aim is to monitor a site
that captures the broad features of the wider popu-
lation, and enables monitoring of both large and
small sub-populations in an efficient way, then the sin-
gle (Manawatu) sentinel site used in this study, may be
considered fit for purpose. This study has demon-
strated the use of multiple statistical techniques and
the integration of epidemiological and genotyping
data to evaluate the representativeness of a sentinel
surveillance site. For similar evaluations of other sur-
veillance systems, it is recommended that representa-
tiveness is evaluated using data sources that capture
multiple features of the populations at risk, as well
as the pathogens they are exposed to, and take full ad-
vantage of an array of multivariate methods, includ-
ing molecular epidemiological tools, to allow a
formal assessment of any apparent differences.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
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