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Abstract

Campylobacter infection is a notifiable infec-
tious disease in Victoria and with more than
6,000 cases notified annually, it is the second
most commonly notified disease after chlamydia.
The objectives of Campylobacter infection surveil-
lance in Victoria are to monitor the epidemiology
of Campylobacter infection, identify outbreaks,
initiate control and prevention actions, educate
the public in disease prevention, evaluate control
and prevention measures, and plan services and
priority setting. An evaluation of the system was
undertaken to assess performance against its
objectives, identify areas requiring improvement
and inform a decision of whether Campylobacter
infection should remain a nofifiable infectious
disease. The surveillance system was assessed on
the attributes of data quality, timeliness, simplicity
and acceptability using notifiable infectious dis-
eases data and interviews with doctors who had
failed to notify, and laboratory and public health
staff. The evaluation found that the system col-
lects core demographic data with high complete-
ness that are appropriately reviewed, analysed
and reported. In 2007, 12% of Campylobacter
isolates were subtyped and only one to 3 out-
breaks were identified annually from 2002 to
2007. Fifty-four per cent of cases were nofified
by doctors and 96% by laboratories, although
nearly half of laboratory notifications were not
received within the prescribed timeframe. Half of
the surveyed non-notifying doctors thought that
Campylobacter infection was not serious enough
to warrant notification. The Campylobacter sur-
veillance system is not fully satisfying its objec-
tives. Investment in the further development of
analytical methods, electronic nofification and
Campylobacter subtyping is required to improve
simplicity, acceptability, timeliness and sensitivity.
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Introduction

Infection with Campylobacter causes acute enteritis
of mucopurulent and sometimes bloody diar-
rhoea, abdominal pain, fever, nausea, myalgia
and headache.! Symptoms typically last for two to
5 days, but may continue for up to a week or longer.
Campylobacter infection may be complicated by
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generalised sepsis, reactive arthritis and Guillian-
Barré syndrome but is rarely fatal. Campylobacter
infections are a common and significant public
health issue in Australia. The notification rate of
Campylobacter infections consistently exceeds 100
per 100,000 population,” and was estimated to
have caused around 225,000 gastroenteritis cases
annually between 2000 and 2004.> The morbidity
and costs associated with Campylobacter infection
are significant despite infections generally being
self-limited, and it was associated with more than
3,000 hospitalisations in Australia in 2000.*

Campylobacter infection is notifiable in all Australian
jurisdictions except New South Wales.” Under the
Victorian Health (Infectious Diseases) Regulations
2001, medical practitioners and pathology serv-
ices in Victoria are required to notify cases to the
Victorian Department of Health within 5 days of
diagnosis. The regulations also require pathology
services to immediately notify the department of
Campylobacter isolated or detected in food or water
supplies. Furthermore, two or more related cases of
suspected food or water-borne illness must be noti-
fied within 24 hours of diagnosis. A notified case is
investigated if it meets any of the following criteria:
is a food handler, health care worker or child care
worker; is a child in a child care centre; is associ-
ated with one or more other cases; is a resident of a
special care facility or institution; or if a suspected
source of the case’s illness has been reported.®

The objectives of Campylobacter surveillance in
Victoria are: to monitor epidemiological trends of
Campylobacter infection in the population; identify
outbreaks and their possible or probable cause; initi-
ate action to prevent, contain or minimise outbreaks
and illness; take the opportunity to educate the
public in disease prevention; evaluate control and
prevention measures; and plan services and priority
setting in the allocation of health resources.

Campylobacter infection is the second most com-
monly notified disease in Victoria (accounting for
about 20% of the 2007 total) after chlamydia. There
has been a generalised increase in the number of
notified cases in the last 15 years from an average
of approximately 2,220 cases annually between 1991
and 1993 to approximately 6,130 annually notified
cases between 2004 and 2007.%” Annual notification
rates have increased by a similar magnitude over the
same period.’
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An evaluation of Victoria’s Campylobacter infec-
tion surveillance was undertaken prior to a
review of Victoria’s public health regulations
to: determine whether it was achieving its stated
objectives; identify redundancies or specific areas
requiring improvement; and potentially identify
alternative methods for Campylobacter infection
surveillance (such as in New South Wales for
which it is only notifiable when implicated as the
source of foodborne disease or gastroenteritis in
an institution).’

Methods

The evaluation was conducted using the US
Centers for Disease Control and Prevention’s
Updated guidelines for evaluating public health
surveillance systems.* Here we report on the
specific attributes of: data quality (assessed by
completeness of core data fields and proportion
of case isolates that are subtyped); timeliness
(for laboratory notifications assessed by time in
days between specimen collection date, date of
result and notification receive date at the depart-
ment and for doctor notifications assessed by
time in days between the date of signature by the
doctor and notification receive date); simplicity
(assessed by method of notification); sensitiv-
ity (assessed by number of outbreaks identified
from case investigation or epidemiological
analysis); and acceptability (assessed by propor-
tion of cases notified by doctors and survey of
non-notifying doctors).

Semi-structured interviews about the system’s
performance against the attributes and perceptions
about its usefulness were conducted with 20 key
system users including laboratory staff, and head
office and regional departmental public health
staff that contribute to and operate the system.
Records of all confirmed cases of Campylobacter
infection with a notification receive date between
1 January 2002 and 31 December 2007 inclusive
were extracted from the Victorian Government
Department of Health Notifiable Infectious
Diseases Surveillance database for descriptive
analysis. For clarity and brevity, most figures in this
paper present the most recent (2007) annual data.
Using a telephone-administered survey, a sample
of 30 doctors chosen randomly from a population
of 270 doctors who failed to notify at least 1 case
of Campylobacter infection in February 2008 (but
were identified from a laboratory notification
of the case) were asked about their awareness of
Campylobacter infection as a notifiable disease,
reasons for their failure to notify and the level of
importance they would ascribe to various doc-
tor notification improvement strategies. Survey
responses were descriptively analysed using fre-
quency tables.

CDI Vol 34 No 2 2010

EpiData software was used to collate and analyse doc-
tors’ survey data. Other descriptive analyses were con-

ducted with Stata/IC version 10 and Microsoft Excel.
Results

Completeness of the core data fields of date of birth,
sex and residential postcode was in excess of 98%
in each year from 2002-2007. However, two of the
prescribed fields for medical practitioner notifica-
tions, indigenous status and occupation (which are
not prescribed for laboratory notifications), were
only completed for 40%—46% and 5%—-14% of total
cases respectively over the same time period. Of the
total notified cases of Campylobacter infection, doc-
tors failed to notify 44%—46% annually (Figure 1).
Generally, 50%—52% of cases were notified by both a
doctor and laboratory and 3%—-5% by a doctor only.

Figure 1: Number of notified Campylobacter
infection cases notified by doctors,
laboratories or both, Victoria, 2002 to 2007
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In 2007, 89% of laboratory notifications of
Campylobacter infection were diagnosed within
5 days of specimen collection (median = 3 days);
55% of these notifications were received by the
department within the prescribed 5 days from
when the diagnosis was confirmed by the labora-
tory (Figure 2). However, there was significant
inter-laboratory variation; 1 laboratory notified
98% of its diagnosed cases within 5 days but
another only notified 3%. In comparison, nearly
93% of the Campylobacter infection notifications
made by doctors in 2007 were within 5 days of
the signature (diagnosis) date (Figure 2). The
distribution of notification methods amongst
laboratories and doctors reflected the time
elapsed between diagnosis and notification, with
nearly % of laboratory notifications made by post
compared with more than half of doctor notifica-
tions being made by the faster methods of fax or

telephone (Table 1).
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Figure 2: Days difference between diagnosis
and notification of Campylobacter infection
by laboratories and doctors, Victoria, 2007
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One-third of the surveyed non-notifying doc-
tors indicated the most important reason for not
notifying cases of Campylobacter infection was
that it was unnecessary because laboratories notify
anyway (Table 2). A further 17% of doctors sur-
veyed indicated their primary reason as being that
Campylobacter infection is not important enough to
warrant notification. Overall, half of the surveyed
doctors indicated this as a reason for not notifying.

Table 1: Percentage of laboratory or doctor
Campylobacter infection notifications,
Victoria, 2007, by method

—

Fax
Table 2: Most important reason reported
by doctors for not notifying Campylobacter
infection

N T T

Telephone
Web
Indirectly

Laboratory notifies anyway 10 33
Don't know 7 23
Not important 5 17
Too busy 4 13
System broke down 2
Other 2
Total 30
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Of factors that would encourage notification of
Campylobacter infections, 23 of the 30 respondents
noted ‘a more simplified process’ would encourage
notification; 11 of these believed it the most impor-
tant factor in increasing notifications. Cost and
resource implications were acceptable to doctors,
with 83% responding that ‘lack of administrative
and staffing support’ was of little or no importance
in their failure to notify.

Notifications of Campylobacter infection between
2002 and 2007 resulted in the identification of
between one and 3 outbreaks or clusters of infection
annually. In 2007, the 3 Campylobacter outbreaks
identified were not identified from the analysis of
Campylobacter infection notifications but through
investigation of directly reported outbreaks of
unspecified gastroenteritis that were subsequently
found to be caused by Campylobacter. Although
the incident case investigation system did allow
some prevention and education activities in 2007
(Table 3), in general little prevention, containment
or treatment activity results from notification data
because the incident case is contacted subsequent to
the period of Campylobacter infectivity.

Table 3: Outcomes of Campylobacter
infection single incident investigations,
Victoria, 2007

Outcome(s) of investigation

Exclusion from school/childcare/ 133 10
work

Other cases identified 118 9
Possible source identified 285 21
Source confirmed 6 <1
Education completed 685 56
Outbreak identified 0 0
Total 1,227

Interviews with surveillance system stakeholders
quickly achieved methodological data saturation as
similar issues were repeatedly identified, the most
common of which were a cumbersome system for
case referral and investigation, and the need for more
effective feedback and dissemination to encourage
more notification and better influence practice
and policy. The Campylobacter surveillance system
generates significant data that are disseminated
through: regular descriptive surveillance reports
to national, state and local government stakehold-
ers; automatically (daily) generated summary
data reports, and descriptive annual and quarterly
reports that are posted on the web; and relevant
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stakeholders being informed of an outbreak within
24 hours of its detection. However, interviews with
users of the outputs of the system suggested that it
is not being used to its potential for the evaluation
of control and prevention measures or to influence
planning, priority setting, policy, practice, research
and public education.

The quality of the microbiological data available
in surveillance was limited at the laboratory level.
In 2007 only 12% of 6,350 Campylobacter isolates
were speciated, of which approximately 10% were
C. jejuni and 3 other Campylobacter spp. comprised
the remainder (Table 4).

Table 4: Notified cases of Campylobacter
infection, Victoria, 2007, by reported species

nt

Campylobacter not further specified 5,561 88
C. jejuni 498 8
C. jejuni jejuni 146 2
C. coli/jejuni 82 1
C. coli 41 <1
C. upsaliensis 16 <1
C. lari 6 <1
Total 6,350

Discussion

This evaluation has found that Victoria’s notifi-
able infectious diseases surveillance system for
Campylobacter infection is only partially achieving
its objectives. Whilst the system has a number of
strengths, there are a number of improvements that
could be made so that it is more effective.

Approximately half of notified cases of Campy-
lobacter infection have a doctor notification. This,
and results of the survey of doctors who failed to
notify cases of Campylobacter infection, suggest
that acceptability is an important weakness of the
system although it should be noted that acceptabil-
ity among notifying doctors was not assessed in the
evaluation. Amongst the non-notifying practition-
ers surveyed, improved simplicity was identified
as the single most important factor that would
increase notification rates. Integration of elec-
tronic notification systems with practice software
would improve simplicity, timeliness and quantity
of doctor notifications of Campylobacter infection,
as well as all other notifiable diseases. This is
especially pertinent given the high volume of cases

CDI Vol 34 No 2 2010

and that more than 90% of general practices in
Australia use a clinical software package.” Doctors
from the sample also commented that improving
feedback would encourage a higher notification
rate, although these need to go beyond auto-
matically generated summary reports currently
published. Other potential avenues for feedback
and comparison of notification indicators include
formal education sessions, information distribu-
tion through peak body organisations and other
medical publications, as well as utilising improved
technology to generate automatic reports to the
practitioner about outcomes and investigations
arising from—and thus the importance of—their
notifications. Doctors should also be reminded that
their notifications contain important information
not provided by laboratories, such as indigenous
status and risk factor data.

Results from the survey of doctors in this evalua-
tion have informed the development of a strategy
to improve medical practitioner notification rates
of infectious diseases. With the support of General
Practice Victoria, the strategy is focussing on:
improving technology to enable notification, and;
educational activities and resources that support
notification.!” A project for electronic notification
of notifiable infectious diseases from pathology
laboratories in Victoria to improve completeness,
timeliness and overcome the practice of batching is
also being developed. Imposing fines for failing to
notify is an alternative method to improve notifica-
tion rates and although the legislative framework
allows for this, there is general agreement that
this would be counterproductive in a cooperative
surveillance system.

The Campylobacter infection surveillance system is
not optimally achieving its objective of identifying
outbreaks. Despite generally high completeness of
core demographic data, a key barrier to achieving
this objective is the low proportion of case isolates
that are differentiated to species and subspecies
level. This is in contrast to outbreaks of Salmonella
infection that are identified and traced to sources
through comprehensive laboratory sub-typing.
If identifying outbreaks and their causes from
Campylobacter infection surveillance is to remain
an objective, then more systematic utilisation of
existing and emerging technologies to subtype
Campylobacter will be important.! Systematic
serotyping, ribotyping and genotyping of case iso-
lates identified from notifiable infectious diseases
surveillance were used to differentiate 28% of
975 patient isolates of Campylobacter into 43 dif-
ferent clusters in Denmark'? and 55% of 183 iso-
lates into 29 clusters in Canada.’® In Australia,
genotyping has been used periodically to identify
genotype-specific risk factors for Campylobacter
infection and identify outbreaks or clusters of
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infection.'*” Improved and systematic subtyping
for Campylobacter will also make the surveillance
much more effective in achieving its objectives
of evaluating control and prevention measures,
and planning services and priority setting in the
allocation of health resources. For example, it
could potentially be utilised to track the impact
and effectiveness of the new Primary Production
and Processing Standard for Poultry Meat, given
that contaminated poultry meat is the greatest risk
factor for Campylobacter infection in Australia.””™"’
However, the high volume of Campylobacter noti-
fications means that subtyping all—or even a sub-
stantial proportion of—specimens would require
significant finance and resource investment.

Sensitivity (at case level), representativeness and
positive predictive value were not assessed in this
evaluation. However, in Australia it has been esti-
mated that notifiable diseases surveillance detects
approximately 10% of all community cases of
Campylobacter infection.’ Although this is a low pro-
portion of cases, it is difficult to determine whether
or not it is representative of all cases. However, high
sensitivity is not essential for a surveillance system
to be representative, particularly if there are high
volumes already notified. If biases amongst uniden-
tified cases are generally consistent over time, then
comparisons in Campylobacter infection notifica-
tions over time, person and place can still be made
to monitor trends.

The low number of outbreaks detected suggests that
the sensitivity of the system to detect outbreaks is
poor. However, when compared with Salmonella, a
much lower proportion of notified Campylobacter
infection cases in Australia and the United Kingdom
are associated with outbreaks. It has been suggested
that the low frequency of reported Campylobacter
outbreaks may be due to the wide distribution of
source foods such as poultry and beef manifesting
as disseminated community outbreaks, which are
more difficult to detect than point source outbreaks
(with which Salmonella spp. are commonly associ-
ated).!! It therefore follows that enhancement of
Campylobacter subtyping would improve the sys-
tem’s sensitivity to detect outbreaks.

In the interests of relevance to other jurisdictions,
this paper has generally focused on the notifica-
tion elements that feed into the Campylobacter
infection surveillance system, rather than the
subsequent investigation processes that are spe-
cific to the Victorian Government Department
of Health. Briefly though, the evaluation noted
that the system collects high quality data that are
appropriately reviewed, analysed and reported.
For example, in 2006 increased notifications of
Campylobacter infection in the Barwon—South
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Western Region resulted in an investigation
that linked the increase to changes in laboratory
culturing methods. However, opportunities exist
to make better use of algorithms and mapping
technologies for geospatial analysis. Such technol-
ogy could automatically check for associations of
Campylobacter infections with, for example, popu-
lation density, occupation, proximity to waterways
and industry. Specific areas of improvement for the
system were identified, particularly the timeliness
and effectiveness of the referral process for case
investigation and outbreak identification which
have already been modified. The high volume of
cases also periodically impacts the timeliness of
data entry and thus the identification of outbreaks
and emerging trends; adoption of electronic noti-
fication technology will dramatically improve this.

In summary, the Campylobacter infection surveil-
lance system was found to be generating quality data
for monitoring trends, and case investigation likely
raises public awareness about Campylobacter to a
limited extent. However, the system is threatened by
a perceived lack of usefulness, unnecessary complex-
ity, suboptimal timeliness, and a lack of acceptance
of Campylobacter infection as a significant public
health threat among a subset of doctors. Rectification
of these issues for the system to meet its objectives
requires investment in laboratory testing, more
advanced analytical software and electronic notifica-
tion technologies, the latter of which is in progress.
The Victorian Department of Health regards
Campylobacter infection as an infectious disease of
public health importance, and improving the current
system is preferred to another model such as that in
New South Wales, where Campylobacter infection is
not notifiable but which relies on direct reporting of
gastroenteritis outbreaks to identify those caused by
Campylobacter. Whilst the recommendations relate to
Campylobacter infection surveillance, they have some
cross-validity in terms of informing, more broadly,
the approach to single incident investigations for
other enteric diseases and surveillance for notifiable
diseases in general.

Acknowledgements

The authors gratefully acknowledge the ongoing
contribution of notifying medical practitioners
and pathology services to notifiable infectious
diseases surveillance in Victoria. We thank staff
of the Communicable Disease Prevention and
Control Unit’s Enteric Disease Control Section,
as well as Regional and Local Government envi-
ronmental health officers for their hard work in
undertaking Campylobacter infection surveillance
and investigation. We also thank the medical
practitioners who took part in the survey as part
of this evaluation.

CDI Vol 34 No 2 2010



Peer-reviewed article

Author details

Dr Nathan J Girills, Victorian Public Health Training Scheme
Fellow!'?

Ms Stacey L Rowe, Manager, Epidemiology and Surveillance
Section, Communicable Disease Prevention and Control Unit!
Ms Joy E Gregory, OzFoodNet Epidemiologist, Communicable
Disease Prevention and Control Unit

Dr Rosemary A Lester, Assistant Director, Communicable
Disease Prevention and Control Unit, Health Protection
Branch and Deputy Chief Health Officer!

Mr James E Fielding, Epidemiologist, Epidemiology and
Surveillance Section, Communicable Disease Prevention and
Control Unit'®

1. Prevention and Population Health Branch, Melbourne,
Victoria

2. School of Public Health and Preventive Medicine, Monash
University, Alfred Hospital, Melbourne, Victoria

3. Epidemiologist, Epidemiology Unit, Victorian Infectious
Diseases Reference Laboratory, North Melbourne,
Victoria

Corresponding author: Dr Nathan Grills, Public Health
Physician, The Nossal Institute for Global Health, The
University of Melbourne, Level 4/161 Barry Street, CARLTON
VIC 3010. Telephone: +61 8344 9299. Facsimile: +61 3
9347 6872. Email: nathan.grills@monash.edu.au

References

1. American Public Health Association. Control of commu-
nicable diseases manual. 18th edn. Heymann DL, ed.
Washington DC: American Public Health Association;
2004.

2. Australian Government Department of Health and
Ageing. National Notifiable Diseases Surveillance
System. 2010. Accessed on 20 January 2010. Available
from: http://www9.health.gov.au/cda/source/Rpt_4.cfm

3. HallG,YohannesK,RaupachJ,BeckerN, Kirk M. Estimating
community incidence of Salmonella, Campylobacter,
and Shiga toxin-producing Escherichia coli infections,
Australia. Emerg Infect Dis 2008;14(10):1601-1609.

4. Hall G, Kirk MD, Becker N, Gregory JE, Unicomb L,
Millard G, et al. Estimating foodborne gastroenteritis,
Australia. Emerg Infect Dis 2005;11(8):1257-1264.

5. Liv C, Stirzaker S, Knuckey D, Robinson K, Knope K,
Fitzsimmons G, et al. Australia’s nofifiable disease status,
2007: annual report of the National Notifiable Diseases
Surveillance System. Commun Dis Infell 2009;33(2):89-154.

CDI Vol 34 No 2 2010

. Unicomb LE, Fullerton KE,

Communicable Disease Prevention and Control Unit.
Surveillance of notifiable infectious diseases in Victoria,
2007. Fielding J, ed. Melbourne: Victorian Government
Department of Health; 2010.

Infectious Diseases Unit. Surveillance of notifiable infec-
tious diseases in Victoria, 1995. Norris P Beaton §,
Taylor K, eds. Melbourne: Victorian Government
Department of Human Services; 1996.

German RR, Lee LM, Horan JM, Milstein RL, Pertowski CA,
Waller MN. Updated guidelines for evaluating public
health surveillance systems: recommendations from
the Guidelines Working Group. MMWR Recomm Rep
2001;5(RR-13)0:1-35.

Mclnnes DK, Saltman DC, Kidd MR. General practition-
ers’ use of computers for prescribing and electronic
health records: results from a national survey. Med J Aust

2006;185(2):88-91.

. Birbilis E, Moran R. Improving infectious diseases noti-

fication rates: a medical practitioner survey. Victorian
Infectious Diseases Bulletin 2009;12:12-14.

Kirk MD, Stafford RJ.
Outbreaks of campylobacteriosis in Australia, 2001 to
2006. Foodborne Pathog Dis 2009;6(10):1241-1250.

. Fussing V, Meller Nielsen E, Neimann J, Engberg J.

Systematic serotyping and riboprinting of Campylobacter
spp. improves surveillance: experiences from two Danish

counties. Clin Microbiol Infect 2007;13(6):635-642.

. Michaud S, Ménard S, Arbeit RD. Role of real-time

molecular typing in the surveillance of Campylobacter
entferitis and comparison of pulsed-field gel electro-
phoresis profiles from chicken and human isolates. J Clin
Microbiol 2005;43(3):1105-1111.

. Price EP, Smith H, Huygens F, Giffard PM. High-resolution

DNA melt curve analysis of the clustered, regularly inter-
spaced short-palindromic-repeat locus of Campylobacter
jejuni. Appl Environ Microbiol 2007;73(10):3431-3436.

. Unicomb LE, O'Reilly LC, Kirk MD, Stafford RJ,

Smith HV, Becker NG, et al. Risk factors for infection with
Campylobacter jejuni flaA genotypes. Epidemiol Infect
2008;136(11):1480-1491.

. Stafford RJ, Schluter P Kirk M, Wilson A, Unicomb L,

Ashbolt R, et al. A multi-centre prospective case-
control study of Campylobacter infection in persons
aged 5 years and older in Australia. Epidemiol Infect
2007;135(6):978-988.

. Stafford RJ, Schluter PJ, Wilson AJ, Kirk MD, Hall G,

Unicomb L. Population-aftributable risk estimates for
risk factors associated with Campylobacter infection,
Australia. Emerg Infect Dis 2008;14(6):895-901.

115



