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Abstract. Mosquito and virus surveillance systems arewidely used inWestern Australia (WA) to support public health
efforts to reduce mosquito-borne disease. However, these programs are costly to maintain on a long-term basis.
Therefore, we aimed to assess the validity ofmosquito numbers andRossRiver virus (RRV) isolates from surveillance trap
sites as predictors of human RRV cases in south-west WA between 2003 and 2014. Using negative binomial regression
modeling, mosquito surveillance was found to be a useful tool for predicting human RRV cases. In eight of the nine traps,
when adjusted for season, there was an increased risk of RRV cases associated with elevated mosquito numbers
detected 1month before the onset of human cases for at least one quartile comparedwith the reference group. Themost
predictive urban trap sites were located near saltmarsh mosquito habitat, bushland that could sustain macropods and
densely populated residential suburbs. This convergence of environments could allow enzootic transmission of RRV to
spillover and infect thehumanpopulation.Closeproximity of urban trap sites to eachother suggested these sites couldbe
reduced. Ross River virus isolates were infrequent at some trap sites, so ceasing RRV isolation frommosquitoes at these
sites or where isolates were not predictive of human cases could be considered. In future, trap sites could be reduced for
routine surveillance, allowing other environments to be monitored to broaden the understanding of RRV ecology in the
region. A more cost-effective and efficient surveillance program may result from these modifications.

INTRODUCTION

Ross River virus (RRV) disease is the most common
mosquito-borne disease of humans in Australia, with an aver-
ageof 4,800 cases reported each year.1 The disease is nonfatal
and characterized by a fever, rash, and often long-term joint
pain, which typically resolves over 3–6 months.2 Symptomatic
infection is most common in people aged between 20 and 60
years old, whereas illness is uncommon in children.3

Ross River virus is predominantly maintained in nature by
mosquito-macropod-mosquito cycles. The primary mosquito
vectors in coastal regions are the saltmarsh mosquitoes Ae-
des camptorhynchus and Aedes vigilax, in inland regions the
freshwater species Culex annulirostris, and in urban areas the
container breedingAedes notoscriptus.4 The natural reservoir
hosts are nonmigratory native Australian macropods, such as
kangaroos and wallabies.5,6 Spillover to humans and epi-
demic activity has been linked to reservoir host population
dynamics and changing herd immunity.7

The risk of human infection is also a function of spatial and
temporal abundance of vector mosquito species, the season,
environmental conditions, and human activities.8 Weather
conditions influence mosquito survival, reproduction, abun-
dance, and distribution and also virus replication.9 Residential
developments in close proximity to wetlands and saltmarsh
habitats have been associated with increased RRV trans-
mission to humans,10,11 while outdoor activities, especially
camping have also been identified as major risks.12,13

Reducing the risk of human infection with RRV relies on avoid-
anceofbitingmosquitoes.Thus,publichealth interventions include
educating the public on behavioral practices,14 such as avoiding
high-risk areas and peak mosquito biting times, minimizing
opportunities forbreedingofdomesticmosquitospecies,wearing

light-colored protective clothing, and using personal insect re-
pellent containing N,N-diethyl-3-methylbenzamide.5,13,15 Physi-
cal barriers, such as using bed nets and window and door
screens, are also recommended.13,16 In Western Australia (WA),
mosquito and virus surveillance are key strategies to detect in-
creased mosquito and RRV activity to inform timely and specific
public health warnings.17 For this reason, the WA Department of
Health resources a mosquito and virus surveillance program in
recognized areas of RRV activity in populated areas of the south-
west of the state. There are costs associated with long-term
maintenanceof theprogram,soweaimed toassess thevalidityof
using mosquito numbers and RRV isolates as predictors of hu-
man cases in south-west WA, and to compare the predictive
capacity of different surveillance trap sites.

MATERIALS AND METHODS

Study design and setting. This was a retrospective study
of the association between adult mosquito species abun-
dance data, RRV detections in mosquitoes and surrounding
human RRV cases for nine mosquito surveillance trap sites in
the Peel region, south-west WA over a 12-year period from
January 2003 to December 2014 (144 months).
Study region. The Peel region (defined here as the Local

Government Areas of Rockingham, Mandurah, Murray, and
Waroona) is situated on the south-west coast of WA,
70–130 km south of the state capital Perth. The region had a
combined population of 225,000 in 2014.18 A substantial
number of cases of RRV disease are reported annually from
the Peel region, and large outbreaks are experienced every
few years despite significant mosquito control efforts. Several
hundred hectares of saltmarsh and seasonal tidal wetlands
are situated along the margins of the Peel Inlet and Harvey
Estuary and lower reaches of three rivers (Harvey,Murray, and
Serpentine) that flow into these tidal waterways. Mosquito
surveillance overmore than 30 years in the region has shown that
two recognized RRV vector species, Ae. camptorhynchus and
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Ae. vigilax are the predominant species between April and De-
cember, and between January and March, respectively.19 Fur-
thermore, the regionalsohassubstantial areasof nativebushland
in close proximity to mosquito breeding habitat that supports
populationsofwesterngreykangaroos (Macropus fuliginosus), an
important vertebrate host of RRV in southern WA.6

Human cases. Ross River virus is a notifiable disease in
WA. All WA RRV cases meeting the national case definition,20

including confirmation by laboratory testing are required to be
notified to the WA Department of Health and are recorded in the
Western Australian Notifiable Infectious Diseases Database
(WANIDD). Western Australia also undertakes an “enhanced
surveillance” program in which RRV cases are followed up via
patient interviews to determine themost likely location and timing
of exposure. Enhanced surveillance data were available for ap-
proximately 40% of cases. Where enhanced surveillance data
were not available, residential address was assumed to be the
location of exposure. The dataset created for spatial analyses
consisted of all cases for which the most likely place of exposure
could be precisely geocoded to a specific cadastral lot (a legally
defined property boundary). In addition, if place of exposure data
or residentialdatawerenotgivenasanexact locationbutcouldbe
pinpointedwith reasonableconfidence (e.g., a street cornerwithin
250 m) then these cases were also geocoded. All other cases
were excluded from the dataset for spatial analyses.
For this study, de-identified RRV notification data from 2003 to

2014 were downloaded from WANIDD. Ross River virus cases
wereallocatedto trapsites if their locationofexposurewaswithina
3km,10km,or20kmradiusof the trapsite.RossRiverviruscases
were extracted using QGIS 2.6.1 (QGIS Development Team).
Ethics approval was not required as this study evaluated

data collected during the routine public health response to
RRV as a notifiable disease.
Trap sites and mosquito isolates. Adult mosquito data

from all nine Peel region surveillance sites were collated. Trap
sites included locations that were representative of different
aspects of the RRV transmission cycle, including areas with
high levels of mosquito breeding, human habitation, and na-
tive bushland thatmay harbor susceptible reservoir vertebrate
hosts (M. Lindsay, unpublished doctoral thesis). Encephalitis
virus surveillance light traps baited with carbon dioxide (EVS/
CO2) trapswere setmidafternoon, run overnight and collected
early the following morning. Further details on trap de-
ployment and sampling collection have been described
elsewhere.17,21 Trapping was carried out fortnightly between
August and April (late winter tomid-autumn) andmonthly from
May to July each year. Data collected for each trap site in-
cluded location ID, date, global positioning system coordi-
nates; trap outcome (success, failure with sample, failure,
stolen, or not set), mosquito species name, and count by
species. Mosquitoes were identified to species using appro-
priate keys.22 Once identified, all mosquitoes were separated
into pools of £ 20 for virus isolation according to collection site
anddate, species, andsex.17 Ifmore than500mosquitoeswere
obtained in a single trap the first 350–500 specimens were
processed and the remainder estimated by extrapolation by
weight. Virus isolation was undertaken as previously de-
scribed.23 For the modeling, total mosquito abundance and
individual mosquito species were divided each month by the
number of successful trap runs (trap successes and trap fail-
ures with sample) allowing for comparison of mosquito abun-
dance between trap sites and over time.

Inclusion criteria. Mosquito species known to feed on hu-
mans and confirmed as competent RRV vectors were included
in the study and contributed to the mosquito counts for each
trap site (primarily Ae. camptorhynchus and Ae. vigilax, but
alsonineotherminormosquito speciesAedes alboannulatus,
Aedes clelandi, Ae. notoscriptus, Aedes hesperonotius,
Anopheles annulipes sensu lato, Cx. annulirostris, Culex aus-
tralicus, Culex globocoxitus, and Culex quinquefasciatus).
Exclusion criteria.HumanRRVcases fromJune1 toAugust

31 (winter months) were not included in the models because of
the low positive predictive value of the RRV immunoglobulin
M test that was used for most RRV notifications in the low-risk
season in the south-west of WA, including the Peel region.24

Statistical analysis. Negative binomial regression analysis
was used as the human RRV case data were over-dispersed.
The outcome variable for the analysis was the count of human
RRV cases in each month. Independent variables included in
the initial models were as follows: mosquito abundance (cate-
gorized into four equal groups, first quartile [reference group],
second quartile, third quartile, and fourth quartile), presence of
RRV isolate/s (Yes and No [reference group]), and season
(spring, summer, and autumn [reference group]). Models were
developed separately for each trap using a backward stepwise
elimination. All independent variables were initially included,
and then the least significant variable was removed one at a
time, until remaining variables in the models were significantly
associated with the outcome (P value < 0.05). Lags of 1 or
2monthswereapplied separately tobothmosquito abundance
and RRV isolate variables and retained where significant. If
multiple lagswere significant the smallestBayesian information
criterion number was used to select the best model. All data
analysis was performed using SPSS v 23 (IBM, New York, NY).

RESULTS

HumanRRVcases.Assignment of RRV cases to trapswas
explored using three different radius sizes 3 km, 10 km, and
20 km. Increasing the radius out from each surveillance trap
site increased the number of RRV cases available for inclusion
in the regression models. Seven sites were located in a built-
up urban environment (trap sites 1–7); however a total range of
only 113–212RRVcaseswas included across these sites over
the 12-year time period using the smallest radii (3 km)
(Figure 1). This small sample size was not considered large
enough for modelling, as it would represent on average be-
tween 10 and 20 cases per year. Therefore, the results for the

FIGURE 1. Total number of Ross River virus (RRV) notifications
assigned toeachsurveillance trap site using various radii (3 km, 10 km,
and 20 km) from January 2003 to December 2014.
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3 km radii are not provided. Instead, 10 km radii were allocated
to trapsites 1–6as this captureda larger number of humanRRV
cases around each trap site location. Trap sites 8 and 9 were
locatedwithin rural farmland,with only a small number of cases
occurring in thevicinity of both sites. To reachasuitable sample

size, human cases within 20 km radii of trap sites 7–9 were
included for the analysis (Figure 2).
The total number of RRV cases assigned to each trap over

the 12-year study period ranged between 119 (trap site 9) and
984 (trap site 7) and the median monthly RRV cases ranged

FIGURE 2. Location of the nine surveillance trap sites in the Peel region, south-west Western Australia and the 10 km and 20 km radii used to
capture sufficient Ross River virus cases for regression modeling. This figure appears in color at www.ajtmh.org.
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from zero (trap sites 8 and 9) to 5.5 (trap site 7) (Table 1). The
maximum numbers of monthly human RRV cases assigned
with an accurate exposure location ranged from 18 to 71.
Mosquito identification and abundance. The most dom-

inant mosquito species across the nine surveillance sites was
the southern saltmarsh mosquito Ae. camptorhynchus, ac-
counting for 69%, of all mosquitoes collected. This was fol-
lowed by the saltmarsh mosquito Ae. vigilax (21%) (Figure 3).
The remaining 10% of mosquitoes collected included nine
other species from which RRV has been isolated and which
are known to bite humans (Ae. alboannulatus,Ae. clelandi,Ae.
notoscriptus,Ae. hesperonotius,An. annulipes sensu lato,Cx.
annulirostris, Cx. australicus, Cx. globocoxitus, and Cx. quin-
quefasciatus). Themedian number ofmosquitoes collectedby
month and trap site ranged from 142.5 (trap site 5) to 427 (trap
site 4) mosquitoes over the 12-year time period (Table 2).
Ross River virus isolates. Isolation of RRV from mosqui-

toes analyzed for this study was uncommon, but closely
preceded periods of elevated reporting of human cases for
RRV infection. Trap sites 8 and 9 recorded the greatest
number of months with at least one RRV isolate (N = 7months
of a total of 144months) (Table 3). Both of these trap siteswere
located in rural farmland. Ross River virus isolates from trap
sites 7 and 8 frequently occurred in the same or successive
months, whereas isolates detected from other traps did not

consistently align with neighboring trap isolates. No RRV
isolates were detected from any pools of mosquitoes col-
lected from trap site 6, which was located on the western
margin of the main channel connecting the Peel Inlet with the
Indian Ocean.
Negative binomial regression analysis. In all trap site lo-

cations, except trap site 7, there was an increased risk of
human cases of RRV associated with elevated mosquito
numbers detected 1 month before the onset of human cases
for at least one quartile compared with the first quartile in a
model that adjusted for season. However, there was not a
consistent increase in RRV cases with increasing quartile
(Tables 4 and 5). Isolation of RRV in mosquitoes trapped
1month before the onset of humancaseswas associatedwith
an increased risk of human RRV cases in trap sites 3, 7, and 8
but not in the other traps. In general, mosquito counts greater
than the secondquartile were predictive of an increased risk of
human RRV cases. Mosquito counts greater than the first
quartile were predictive of an increased risk of human RRV
cases at trap sites 6 and 9 only.

DISCUSSION

Adult mosquito surveillance systems are widely used to
support public health efforts to reduce mosquito-borne

TABLE 1
Summary statistics of monthly humanRRV cases assigned to trap sites in the Peel region, south-westWestern Australia (excluding winter months)
Trap site T1 10 km T2 10 km T3 10 km T4 10 km T5 10 km T6 10 km T7 20 km T8 20 km T9 20 km

Min 0 0 0 0 0 0 0 0 0
Q1* 2 2 2 2 2 2 2 0 0
Median 4.5 4.5 4.5 4.5 5 4.5 5.5 0 0
Q3† 10 10 10 10.75 10.75 10.75 13 2 1
Max 43 47 50 50 51 53 71 19 18
Total‡ 738 752 774 780 810 807 984 147 119
RRV = Ross River virus.
* First quartile.
†Third quartile.
‡Total RRV cases over the study period (January 2003 to December 2014).

FIGURE 3. Proportionofmajor andminormosquito speciesknown to transmitRossRiver virus andbite humanscollected in surveillance trapsites
in the Peel region, south-west Western Australia, January 2003 to December 2014.
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disease. Evaluation of mosquito surveillance typically as-
sesses the performance of different trapping methods.25–33

For example, CO2 baited versus unbaited32 or light traps with
CO2 versus Biogents™-Sentinel traps with artificial attrac-
tants.28 More broadly, mosquito and virus surveillance sys-
tems combine vector datawith climatic variables (temperature,
rainfall, and tide height) andwhere appropriate sentinel animal
seroconversions to create better calibrated predictive models
of human disease risk.34–39 In this study, we used a quanti-
tative approach to assess individual mosquito trap sites in an
attempt to improve and streamline surveillance.We found that
mosquito abundance and RRV detection in mosquitoes were
effective predictors of human RRV risk across the Peel region
in south-west WA. From this, it would appear that mosquito
surveillance is a useful tool for predicting RRV incidence. The
identified lag of 1 month was biologically plausible in view of
the incubation period of RRV disease, the time taken for the
patient to seekmedical services, subsequent pathology tests,
and notification of confirmed cases to the Department of
Health. The incubationperiodofRRV ranges from3 to21days,
with an average of 7–9 days.40 Time lag effects for mosquito-
borne disease surveillance are commonly supported in the
literature. In Zhejiang, China, increased risk of human
mosquito-borne disease followed a rise of mosquito abun-
dance by 0–2 months.41 Similarly, increases in mosquito
density in Manaus in the Brazilian Amazon and San Juan,
Puerto Rico, preceded maximum malaria cases and dengue
incidence, respectively.42,43 Although RRV isolates were rare,
with the exception of trap site 9, theywere predictive of human
RRV cases if the total number of months with isolates over the
12-year period was five or more. As RRV isolation adds ad-
ditional complexity and expense to mosquito surveillance,
consideration could be given to ceasing attempts to isolate
RRV from mosquitoes pooled from trap sites with small
numbers of isolates or where RRV isolates were not predictive
of human cases.
The mosquito trap sites located in urban areas (trap sites

1–7) were all located on or near to extensive saltmarsh
mosquito–breeding areas. Given that these traps are also in
close proximity to each other (within a radius of less than
10 km) it is likelymosquito breeding at all siteswould be driven
by similar environmental conditions. Therefore, consideration

could be given to reducing the number of trap sites used for
routine surveillance in this area. Similarly, consideration could
be given to only undertaking mosquito trapping at trap site 8
rather than both trap sites 8 and 9.
Trap sites 2 and 4, on the western banks of the tidally

influenced reaches of the Serpentine River were the most
predictive of human RRV cases using the third quartile mos-
quito abundance (Q3 incidence rate ratio [IRR] 2.501; 95%
confidence interval [CI]: 1.346, 4.649 and IRR 2.519; 95% CI:
1.325, 4.788, respectively). Trap site 1, located on the south-
west corner of LakeGoegrupwas themost predictive of human
RRV cases using the fourth quartile mosquito abundance (Q4
IRR 2.557; 95% CI: 1.154, 5.666). The predictive capacity of
these three trap sitesmay bebecause they are situated in close
proximity to extensive natural saltmarsh mosquito–breeding
habitat, bushland that can sustain macropod populations, and
densely populated residential suburbs. This convergence of
environments may be crucial in allowing the spillover of RRV
into the human population when environmental conditions
support enhanced enzootic activity of RRV in the region.
Surveillance systems should take into account the potential

or risk of mosquito-borne disease in a community as well as
available resources.44 This study has evaluated the individual
predictive capacity of mosquito trap sites in the Peel region. A
reduction in the number of trap sites comes with some fun-
damental issues, predominately the marked spatiotemporal
variabilities in mosquito infection.45 Our study nevertheless
broadly suggests mosquito trap sites located in urban envi-
ronments adjacent to residential housing and large areas of
bushland are better predictors of human RRV cases com-
pared with trap sites located in small parks adjacent to resi-
dential housing, as larger areas of bushland can support
both mosquito harborage and macropod populations. This
outcome is important when considering future housing de-
velopments, which encroach on wetland and saltmarsh envi-
ronments and will increase the risk of RRV transmission to
humans. We therefore recommend a review of trap locations
so that traps that are not as predictive of human cases can be
moved to other locationswhere there is a focus of humanRRV
cases but where no traps are currently located.
Our study was limited by the small number of human RRV

cases in the region and required a wide geographical area to

TABLE 2
Summary statistics of known human biting mosquitoes collected from monthly EVS/CO2 surveillance trap sites from 2003 to 2014 from the Peel
region, south-west Western Australia

Trap site T1 T2 T3 T4 T5 T6 T7 T8 T9

Median 216.00 340.50 263.00 427.00 142.50 314.00 213.50 310.50 211.00
Q1* 66.25 105.75 107.50 134.75 36.75 92.00 84.50 132.50 62.50
Q3† 707.75 961.75 716.00 1,245.75 401.75 696.00 880.75 727.00 611.75
IQR‡ 641.50 856.00 608.50 1,111.00 365.00 604.00 796.25 594.50 549.25
* First quartile.
†Third quartile.
‡ Interquartile range.

TABLE 3
Frequency of months in which RRV isolate/s were detected in female adult mosquitoes by trap site (over the 12-year period)

Trap site T1 T2 T3 T4 T5 T6 T7 T8 T9

Months with RRV detection (n) 2 2 5 4 2 0 6 7 7
Percent of months with RRV (%) 1.4 1.4 3.5 2.8 1.4 0.0 4.2 4.9 4.9
RRV = Ross River virus.
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gather enough cases for modeling. Mosquito dispersal ex-
periments indicate 75% of all mosquito species are recap-
tured within 3 km from their release point.46,47 Therefore, our
approachdid not enablemodeling for subtle spatial featuresof
individual trap sites because of the lack of sufficient human
caseswithin 3 km radii. Furthermore, even smaller numbers of
cases were recorded near trap sites 7–9 requiring us to use
20 km radii, which further diluted the robustness of those
models. This was evident from the wide confidence intervals
for the risk ratio estimates for these two sites. The requirement
to use a large radius around each trap site also resulted in
substantial overlap of human cases across models, as was
apparent from the lack of variation in case numbers across
trap sites 1–6 (738 cases to 810 cases)which are nomore than
6.5 km apart. Small population sizesmeant we were unable to
predict small differences in disease risk within the small geo-
graphical area. On the other hand, this is unlikely to change
public health practice as the current trap sites are predictive of
human cases in a wider geographical area. In addition, the

severity of human RRV infection is known to vary from
asymptomatic to debilitating, so the accurate definition of the
true incidence of RRV disease is difficult as milder infections
may go undetected or unreported.13 A larger pool of RRV
cases would enable a finer assessment of the usefulness of
mosquito surveillance for predicting human cases.
In conclusion, we found that mosquito surveillance was

useful for the prediction of RRV cases in south-west WA. It
may be possible to rationalize trap site locations for routine
surveillance, with additional sites being used opportunistically
to broaden the understanding of RRV ecology in the region.
Evaluating mosquito surveillance for its effectiveness in pre-
dicting human arboviral infections is a useful exercise that
should be undertaken periodically and may enable ration-
alizationof resources. Adoption of alternativemethodsof virus
detection, such as polymerase chain reaction may improve
analysis through increased virus sensitivity or allow for testing
of larger numbers of samples. In the future, this may further
reduce surveillance program costs.

TABLE 4
Negative binomial regression models for human RRV cases for trap sites 1–6 using a 10-km radius with 1-month lag for mosquito abundance and
RRV isolate detection

10 km radius

Trap 1 Trap 2 Trap 3

P IRR 95% CI P IRR 95% CI P IRR 95% CI

Mosquito Q4 0.021 2.557 1.154 5.666 0.038 2.058 1.04 4.072 0.020 2.086 1.121 3.78
Mosquito Q3 0.243 1.501 0.759 2.972 0.004 2.501 1.346 4.649 0.060 1.919 0.974 3.78
Mosquito Q2 0.753 1.105 0.593 2.058 0.284 1.392 0.76 2.553 0.375 1.325 0.712 2.467
Mosquito Q1 – 1 – – – 1 – – – 1 – –

Isolate = Yes NS – – – NS – – – 0.022 4.249 1.236 14.611
Isolate = No – – – – – – – – – 1 – –

Spring 0.537 0.794 0.381 1.653 0.917 1.033 0.554 1.927 0.633 0.862 0.469 1.584
Summer 0.001 2.451 1.435 4.185 0.000 2.535 1.514 4.246 0.000 2.564 1.515 4.34
Autumn (ref) – 1 – – – 1 – – – 1 – –

Trap 4 Trap 5 Trap 6

10 km radius P IRR 95% CI P IRR 95% CI P IRR 95% CI

Mosquito Q4 0.022 2.165 1.116 4.2 0.013 2.185 1.182 4.039 0.079 1.818 0.933 3.544
Mosquito Q3 0.005 2.519 1.325 4.788 0.180 1.533 0.821 2.863 0.043 1.84 1.019 3.323
Mosquito Q2 0.883 1.048 0.563 1.952 0.748 1.115 0.573 2.170 0.010 2.206 1.207 4.032
Mosquito Q1 – 1 – – – 1 – – – 1 – –

Isolate = Yes NS – – – NS – – – No iso – – –

Isolate = No – – – – – – – – – – – –

Spring 0.937 0.977 0.546 1.747 0.131 1.519 0.883 2.614 0.370 1.28 0.746 2.197
Summer 0.000 2.538 1.513 4.249 0.001 2.586 1.496 4.472 0.000 2.911 1.747 4.851
Autumn (ref) – 1 – – – 1 – – – 1 – –

IRR = incidence rate ratio; No iso = no isolate was recorded from trap site 6 between January 2003 and December 2014; NS = not significant, therefore not included in final model; Q = quartile;
RRV = Ross River virus; CI = confidence interval.

TABLE 5
Negative binomial regression models for human RRV cases for trap sites 7–9 using a 20-km radius with 1-month lag for mosquito abundance and
RRV isolate detection

20 km radius

Trap 7 Trap 8 Trap 9

P IRR 95% CI P IRR 95% CI P IRR 95% CI

Mosquito Q4 NS – – – 0.010 3.548 1.359 9.266 0.000 7.014 2.389 20.594
Mosquito Q3 NS – – – 0.001 4.861 1.967 12.01 0.000 6.717 2.307 19.555
Mosquito Q2 NS – – – 0.433 1.499 0.545 4.121 0.007 3.709 1.419 9.693
Mosquito Q1 – 1 – – – 1 – – – 1 – –

Isolate = Yes 0.004 3.534 1.505 8.296 0.001 4.657 1.81 11.982 NS – – –

Isolate = No – 1 – – – 1 – – – – – –

Spring 0.331 1.286 0.774 2.135 4.657 1.637 0.731 3.668 0.985 0.991 0.397 2.473
Summer 0.000 2.529 1.531 4.178 0.002 3.405 1.58 7.337 0.000 5.240 2.250 12.202
Autumn (ref) – 1 – – – 1 – – – 1 – –

IRR = incidence rate ratio; NS = not significant, therefore not included in final model; Q = quartile; RRV = Ross River virus; CI = confidence interval.
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