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Introduction: Q fever remains an important notifiable, zoonotic disease in Australia.
Previous epidemiological reviews have noted increased importance of non-abattoir
contact with livestock and native/feral animals. Changes to surveillance in New
South Wales (NSW) have provided enhanced surveillance data with which to
examine exposure pathways.

Methods: Descriptive analysis of NSW Q fever notification data for the period 2005-
2015, with detailed analysis of exposures for the period 2011-2015 (after introduction
of improvements to surveillance).

Results: Between 2005 and 2015, 1653 confirmed cases of Q fever were notified in
NSW residents who acquired the disease in this state. For the period 2011-2015
high-risk occupation was reported in 345/660 (52.3%) of notifications with a known
occupation. Of 641 cases with a known animal exposure, 345 (53.8%) had direct
contact with livestock, while 62 (9.7%) had indirect contact with livestock (e.g.
proximity to livestock, livestock holding areas or trucks). Direct or indirect contact
with native/feral animals was reported in 111/641 (17.3%) cases. Mowing and close
proximity to kangaroos/wallabies were commonly reported indirect exposure
pathways, particularly in urban areas.

Conclusion: Enhancements to the state based surveillance database in NSW
introduced in 2010 have resulted in improved collection of surveillance data for Q
fever. Further refinement of Q fever surveillance can be achieved through continuing
to improve data quality, standardising data collection and better elucidating exposure

pathways of cases.
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Article Summary:

Q fever remains an important notifiable condition in NSW, especially in rural/regional
areas but is also being reported in urban settings. Enhanced surveillance initiatives
require collection of data that correlate to risk and information related to prevention

strategies.
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Introduction

Q fever is a zoonotic disease caused by the Gram-negative, intracellular bacterium,
Coxiella burnetii.® It has a low infectious dose requiring as few as one bacterium to
cause infection.? Approximately 40% of those infected will show clinical symptoms
but presentation can vary from a mild influenza-like disease to severe illness
requiring hospitalisation.® The main route of transmission for C. burnetii to humans
is inhalation of contaminated aerosols or dust from infected animals, their tissues or
products.® Aerosols can spread over wide areas under certain conditions.* Domestic
ruminants, such as cattle, sheep and goats, are considered to be the main source for
human infections;®> however, C. burnetii has been identified in a diverse range of
vertebrates including pigs, cats (domestic and feral), dogs, rabbits, foxes, rodents,

deer birds and native Australian animals including kangaroos and wallabies.® ’

In Australia, vaccination of people at risk of Q fever is the principal disease
prevention strategy available. Abattoir and other meat industry workers were the
main focus of the National Q Fever Management Program conducted in this country
between 2001 and 2004. Whilst the program was running the overall trend of
reported Q fever cases decreased nationally;® however, since 2009 the number of
human notifications in Australia has been increasing for reasons which remain

unclear.® Most cases originate in Queensland and New South Wales (NSW).10

Q fever is a notifiable condition in all Australian states and territories. In NSW, Q
fever surveillance data are collected using a generic questionnaire (i.e. non-specific

to Q fever) through telephone interview of the treating doctor and case by staff in



NSW public health units (PHU). As the actual time and place of exposure is not
usually known, the most obvious exposure is recorded by the PHU as being the
presumed source of infection. Previous epidemiological reviews of NSW surveillance
data captured prior to 2010, have noted increased importance of non-abattoir contact
with livestock, wildlife or feral animals.'! 12 However, this work was limited by

incomplete collection of surveillance data such as occupation and vaccination.

Following revisions to the NSW Public Health Act in 2010, an enhanced surveillance
data system (Notifiable Conditions Information Management System, NCIMS) was
introduced. These changes enabled detailed exposure data to be recorded and
routine data quality checks to be incorporated. These factors together led to a
greater concentration on the surveillance of exposure factors for many diseases,
including Q fever. In this paper, we interrogated NCIMS data with a view to informing
a regional and national approach to Q fever surveillance that is built on collection of

an expanded minimum data set.

Methods

For this study, case records were extracted from NCIMS for all confirmed cases with
onsets 1 January 2005 — 31 December 2015 and anonymised. Confirmed cases
were defined as those that met the national case definition, which encompasses: (1)
laboratory definitive evidence (detection of C. burnetii by nucleic acid testing or
seroconversion OR significant increase in antibody level to Phase Il antigen in paired
sera tested in parallel in the absence of recent Q fever vaccination OR detection of
C. burnetii by culture) or (2) laboratory suggestive evidence (detection of specific IgM

in the absence of recent Q fever vaccination) AND clinical evidence (a clinically



compatible disease).'® Cases that did not meet this case definition and those who

were exposed outside of NSW were excluded from the study.

Data extracted from NCIMS included: age, gender, Aboriginal and Torres Strait
Islander status, hospitalisation, symptoms, vaccination status, occupation, high risk
occupation, local government area (LGA) of residence, putative exposures (e.g. type
of animal and nature of contact) and free text notes that include additional
surveillance information, such as hospitalisation and other exposures, noted by the

patient’s clinician.

Data were extracted and cleaned using Microsoft® Excel 2011 (Microsoft,
Washington, USA). The free text notes for each case were manually examined and
used to inform or enhance data entered into other fields. Data captured in the
“occupation” field, “high risk occupation” field and the free text notes were
aggregated to form one combined “occupation” field. This was then re-categorised
using a standardised definition into “high risk” or “other” occupations. High risk
occupation was one which involved direct contact with farmed livestock (cattle,
sheep, goats, farmed deer) or their products (see Supplementary Table 1). We
further interrogated the nature of the exposures in cases where contact with animals
was noted. Data captured in “animal exposure setting”, “animal contact” and the free
text notes were combined into one “nature of animal contact” field. The animal type
(livestock, native/feral animal, companion animal, other) and nature of the contact

(direct or indirect) was then identified based on a standardised definition developed

by this study (see Supplementary Table 1). Where more than one putative exposure



was noted, these were recorded as “multiple” in the new “nature of animal contact”

field.

Analysis was performed in Excel 2011 and R (R Foundation for Statistical
Computing, Vienna, Austria). Data were separated into two groups, 1 January 2005 -
31 December 2010 and 1 January 2011 - 31 December 2015. The latter period
followed the introduction of improved data collection methods, which allowed more
detailed evaluation of putative exposures. Data were summarised using counts and
proportions. Notification rates were calculated using Australian Bureau of Statistics

data for each year as the denominator4.

To analyse the spatial distribution, cases were aggregated by local government area
(LGA). Categorisation and sub-categorisation of LGAs was made according to
Comparative Information on NSW Local Government Councils 2010/2011 available
from the NSW state government.’® Urban LGAs were sub-categorised as:
metropolitan developed, regional town/city and fringe; whilst rural LGAs were sub-
categorised as: agricultural and remote. Cumulative incidence of Q fever was
mapped by LGA using ArcGIS® software (ESRI, California, USA). Relative risk (RR)
comparing cumulative incidence in each sub-category to metropolitan developed
were calculated using 2x2 tables, with 95% confidence intervals (95% CI) and p-

values generated in R.

Data utilised in this study were collected under the NSW Public Health Act 2010.
Ethics approval for this study was granted by the University of Sydney Human

Research Ethics Committee (Project No: 2015/929).



Results

Between 2005 and 2015, 1653 confirmed cases of Q fever were notified in NSW
residents who acquired the disease in this state. This corresponds to annual
notification rates ranging from 1.41 to 2.81 per 100,000 population across the study
period, with a sustained increase seen from 2013 (Figure 1). Males comprised
75.4% of all notifications, and the highest numbers of notifications were in the 45-49,

50-54 and 55-59 year age groups (Figure 2).

Figure 1: Q fever notifications and rates in New South Wales residents, by
year, 2005-2015. Only those cases that were acquired in NSW were included in the
analysis (n=1653).
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Figure 2: Q fever notifications in New South Wales residents, by age and
gender, 2005-2015. Only those cases that were acquired in NSW and which had a
known gender were included in the analysis (n=1652").
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*One case had no gender reported.

Cumulative Q fever notification rates for the full 11 year study period (2005-2015)
has been collated in Figure 3 to show geographical trends, with higher rates in the
west and north-west of NSW. In rural LGAS, the notification rate was 1.19 per
100,000 population per year which was significantly higher than in urban LGAs (0.20
per 100,000 per year; RR 11.39; 95% CI 9.97, 13.01, p < 0.001). Within urban LGAs
there was substantial variation in incidence (Table 1). The actual exposure location

was unable to be determined using the current surveillance data.
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Figure 3: Cumulative incidence of Q fever notifications per 100,000 residents in
New South Wales. Only those cases that were acquired in NSW were included in

the analysis (n=1653).
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Table 1: Q fever notifications in New South Wales residents, by local
government area classification, 2005-2015. Only those cases that were acquired in

NSW were included in the analysis (n=1653).

Local Government Number (%) | Notifications per Relative Risk (95% p-value
Area Classification of 100,000 Cl)
notifications | persons per year

Urban

Metropolitan 41 (2.5) 0.12 Ref NA
Developed

Regional 806 (48.8) 3.56 29.9 (21.8, 40.9) <0.001
Town/City

Fringe 49 (3.0) 0.31 2.6(1.7,4.0) <0.001
Rural

Agricultural 738 (44.6) 13.0 108.8 (79.5, 149.0) <0.001

Remote 19 (1.2) 21.3 178.5 (103.6, 307.6) <0.001
Total 1653 2.11

For the period 2011-2015, 722 Q fever cases were reported as being acquired in
NSW. Aboriginal and/or Torres Strait Islander Australians accounted for 25 of these
notifications (3.5%, the same as the population percentage). Of the 722 reported
cases, 336 (46.5%) were hospitalised. Symptoms reported included: fever (n=638;
88.4%); headache (517; 71.6%); malaise (487; 67.5%); chills (537; 74.4%); and
lethargy (559; 77.4%). Abnormal liver function tests were reported in 447 cases
(61.9%). Q fever vaccination status was reported in 670/722 cases (92.8%), of whom

10 (1.5%) were recorded as being vaccinated.
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Putative sources of exposure are shown in Table 2 and Figure 4. Prior to the
introduction of NCIMS (2005-2010) the proportion of cases with an unknown
exposure source ranged from 64.9% in 2006 to 32.4% in 2010 with an average of
49.1%. After the introduction of NCIMS (2011-2015) the proportion of cases with an
unknown exposure source ranged from 17.1% in 2011 to 7.8% in 2015 with an
average of 11.9% (Figure 4). Between 2011-2015, a high-risk occupation was
reported in only 345/660 (52.3%) of notifications with a known occupation (Table 2).
Of 641 with a known animal exposure, 345 (53.8%) had direct contact with livestock
(Table 2). Examples of transmission following indirect contact with livestock -
reported in 62 cases - included being in proximity to livestock, livestock holding
areas or trucks (23 cases) and laundering clothing contaminated by livestock waste
(8 cases). Direct or indirect contact with native/feral animals was reported in 111/641
(17.3%) cases with a known exposure to animals (Table 2). Changes to NCIMS
(2011-2015) appeared to enhance capture of data on indirect exposure to
native/feral animals, particularly in urban areas (Figure 4). Of the 59 cases that had
indirect contact with native/wild animals, mowing areas contaminated by faeces of
native animals (26 cases) and close proximity to kangaroos/wallabies or their faeces
(21 cases) were the most common exposures noted. Fifteen (2.3%) cases had direct
contact with companion animals, while a further 86 cases had multiple putative

exposures (e.g. livestock and native animals) (Table 2).
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Table 2: Q fever notifications by occupation, animal exposure and local government area (LGA) classification in New
South Wales, 2011-2015 (n=722). The nature of animal exposure is also detailed for 641 cases that reportedly had contact with
animals.

LGA Classification Urban Rural Total
LGA Sub-Classification | Metropolitan Regional Fringe Agricultural Remote
Developed Town/City
Total 18 366 18 315 5 722
Occupation
High risk occupation 5 131 9 198 2 345
Other occupation 11 199 9 95 1 315
Unknown * 2 36 0 22 2 62
Animal exposure
Yes 18 315 17 287 4 641
No 0 28 0 12 0 40
Unknown * 0 23 1 16 1 41
Nature of animal exposure
Livestock - direct 7 136 8 193 1 345
Livestock - indirect 1 30 4 27 0 62
Livestock - contact not specified 0 8 1 7 0 16
Native/feral animal - direct 1 11 0 2 0 14
Native/feral animal - indirect 4 46 3 6 0 59
Native/feral animal - contact not specified 2 30 0 5 1 38
Companion animal, including horses 0 10 1 4 0 15
Other 0 3 0 3 0 6
Multiple 3 41 0 40 2 86

* Includes cases where data were missing or stated as unknown.
See Supplementary table for detailed explanation of classifications



Figure 4: Q fever notifications by type of animal exposure and local government area (LGA; A: Rural, B: Urban)
classification in New South Wales, 2005-2015.

., 100%

5 75%

3 50%

s 25%

C

s 0%

X 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
M Livestock  ® Native/feral animal  m Companion animal  m Other/multiple  ®m Unknown

., 100%

S 75%

S 50%

=

o 25%

C

s 0%

X 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
M Livestock  m Native/feral animal @ Companion animal B Other/multiple B Unknown




Discussion

Q fever remains an important notifiable condition in NSW, in particular in rural and
regional areas of NSW. In this study, we interrogated the enhanced NCIMS system
to investigate exposure risks in detail. While exposure risks largely confirm findings
reported previously 12 16, the study indicates that changes introduced to NCIMS in
2010 have led to improvements in collection of surveillance data for Q fever in NSW.
Further, construction of the high risk occupation/exposure categories as done in this
study could be used as the basis for development of a standardised tool to support

collection of a national minimum data set for Q fever.

Enhanced data collection since 2010 has allowed for improved capture of
vaccination status. This was identified as an issue in previous reviews conducted in
NSW prior to 2010, where vaccination status was recorded for only 34% of cases.’
Only ten cases of Q fever were reported in vaccinated people during the period
2011-2015. It is not possible to determine whether the ten cases reporting
vaccination were true vaccine failures. Q-Vax has been reported to have 100%
protection for at least 5 years due to its ability to stimulate long lasting T lymphocyte
memory.18 It is possible that the cases were not vaccinated as public health units are
not required to verify vaccination with the GP or the Q fever registry. However there
is also a suggestion that periodic exposure is needed to maintain immunity,*® and
some of the cases reported being vaccinated more than 20 years prior to symptoms
developing. As the questionnaire does not collect information on exposures outside
of the incubation period, information around frequency of exposure to risk settings,

and thus potential lack of “natural boosting” was not able to be explored.
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Data relating to occupation were improved from previous studies through the
analysis of free text notes and “occupation” fields. This resulted in 91.4% of cases in
the period 2011-2015 having a known occupation compared to almost half being
missing in previous studies.'? Nonetheless, reporting of no “high risk occupation” in
only 47.7% confirms that occupation is a poor proxy for exposure ¢ and suggests
that there may be a change in the exposure profile of cases, or surveillance system

enhancements have led to improvements in capture of non-livestock exposures.

Residence in a rural agricultural/remote LGA or regional town/city LGA was identified
again as a risk factor for contracting Q fever. This has previously been described?°
and is consistent with the increased (occupational or incidental) contact with
livestock, and potentially wildlife. Most notifications in rural LGAs were employed in
high-risk occupations or had direct exposure to livestock during the exposure period.
This suggests access to skilled clinicians who can conduct testing and administer the
vaccine is important in these areas. In those cases where proximity to livestock,
livestock facilities (e.g. farms and abattoirs) or trucks was reported, it is possible that
contaminated dust or aerosols, blown by wind from high risk sources, was the

exposure pathway, as has been reported previously.*

Native animals have previously been implicated as a source of C. burnetii in NSW.2-
23 In this report, native animals were identified as the likely exposure for many cases,
particularly in urban LGAs. Specifically, mowing was identified as the possible
exposure activity in many cases and should be considered for inclusion in routine
surveillance data collection activities. Additionally, ongoing refinement of surveillance

guestions should aim to tease out the specifics of urban exposures, particularly

17



around wild animal contact to better understand potential threats in apparent low risk

settings.

Whilst there is still incomplete data, reduction in incomplete and unknown cases
demonstrates that the introduction of NCIMS has allowed not only a more detailed
but also more complete data collection tool. This has allowed for a much improved
overview of the epidemiology of Q fever in NSW. Nonetheless, many cases are still
reported that have no clear exposure risk, suggesting that other, currently unknown
pathways may exist. This study has some limitations. We divided cases into those
which were notified in the 6 years prior to (2005-2010) and 5 years after (2011-2015)
the introduction of the enhanced NCIMS system. As these changes were introduced
in mid-2010, there was a brief period of enhanced data capture that marginally
impacts 2010 findings. This may explain some of the decrease in terms of cases with
unknown exposure in that year. In addition, cases are classified by address of
residence and not exposure site as this is often unknown. It is also possible that the
perceived exposure risk may not have been the actual source of infection. As with
other surveillance systems not all cases will have been reported, and this is
particularly true for a disease like Q fever where a high proportion of cases go

undiagnosed.

In conclusion, this study has shown that enhancements to NCIMS introduced in 2010
have resulted in improved collection of surveillance data for Q fever. This is useful to
inform public health prevention strategies. Whilst a large proportion of notifications
were in people undertaking high risk occupations or directly contacting livestock, a

significant number of cases, especially in urban settings, did not report this

18



exposure. Further refinement of Q fever surveillance can be achieved through
continuing to improve data quality, standardising data collection and elucidating

exposure pathways in cases.

19



Supplementary Table 1: NCIMS field aggregation and definitions used for classification of content

New field NCIMS fields included Classification Definition used in this study
Occupation High risk occupation High risk occupation Occupation involving direct contact with farmed livestock or their
Occupation products (cattle, sheep, goats, farmed deer), including: abattoir worker,
Free text Notes farmer/grazier, livestock carrier/handler/transporter/breeder,
rouseabout/shearer/wool classer, farm manager, stockyard worker,
tannery worker, veterinarian/veterinary student/veterinary nurse,
contractors attending livestock facilities
Other occupation All other noted occupations
Nature of Animal exposure setting Livestock - direct Direct contact with cattle, sheep, goats and farmed deer or their birthing
animal Animal contact products or vaginal fluids, skins or fleeces, meat or products (e.g.
contact Animal contact_calving slaughtering, assisting with calving)

Animal contact description
Animal Contact_notes
Free text notes

Livestock - indirect

Indirect contact with cattle, sheep, goats and farmed deer (e.g.
proximity to livestock or livestock facilities, launders clothes
contaminated by livestock faeces)

Livestock - contact not
specified

No contact situation noted

Native/feral animal - direct

Direct contact with tissues or blood of native/feral animals e.g. hunting,
butchering

Native/feral animal - indirect

Indirect contact with native/feral animals e.g. hiking, mowing areas
contaminated by faeces

Native/feral animal - contact
not specified

No contact situation noted

Companion animal

Direct or in direct contact with dogs, cats, horses,

Other

Other animal exposure not otherwise classified (e.g. ticks)

Multiple

More than one of the above categories

20
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