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Undetected serovars: leptospirosis cases in the Cairns region during the 2021 wet season 
Caroline Taunton, Carol El Hayek, Emma Field, Sally Rubenach, Juliet Esmonde, Simon Smith, Annie Preston-Thomas 
Abstract 
Background 
Leptospirosis infection can lead to serious renal and cardiopulmonary complications and can be fatal. Following heavy rainfall and localised flooding in early 2021, Tropical Public Health Services in Cairns were alerted to an increase in leptospirosis cases in the region, with notifications almost three times higher than usual by mid-February. An epidemiological investigation was undertaken. 
Methods 
Leptospirosis notification data were obtained from the Queensland Notifiable Conditions System. Confirmed and probable cases residing in the Cairns region, with an onset date between 1 January and 31 May 2021, were included in the investigation. Case demographics, pathology results, symptoms, hospital stay information and presumed exposure sources were obtained from Queensland Health records; local rainfall data was obtained from the Australian Bureau of Meteorology. Case characteristics and rainfall were compared to the prior ten-year period and the distribution of cases by week of onset, address, exposure source and infecting serovar analysed. 
Results 
A total of 43 leptospirosis cases were notified between January and May 2021, the highest number recorded for the region since 2011. Presumed exposure sources were available for 40 cases (93.0%), with 33 cases (82.5%) exposed occupationally, including 25 cases working on banana farms. Infecting Leptospira serovars were identified for five cases (11.6%), with four infected with serovar Australis and one with serovar Zanoni. Limited information about the specific exposure sites for each case and a low serovar detection rate hampered the ability to confirm the presence or absence of a leptospirosis outbreak. While heavy rainfall is likely to have contributed to the spike in cases, no factors were identified as clearly associated with the increase. 
Conclusions 
A number of pathways are proposed to improve the collection of exposure site data and the identification of infecting serovars, in order to strengthen local leptospirosis surveillance and the ability to detect outbreaks in the Cairns region. 
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Introduction 
Leptospirosis, caused by spirochaetes of the genus Leptospira, is a bacterial infection of public health importance and is considered the most widespread zoonotic disease globally.1 Humans acquire infection through mucosal or percutaneous exposure to environments contaminated with urine from infected animals or through ingestion of contaminated food or water.2 Cases are more common in humid and tropical parts of the world, with Leptospira excreted by infected animals able to survive for weeks in water or moist soil and vegetation.2 Outbreaks frequently occur following heavy rainfall and flooding.1,3–6 Early phase leptospirosis illness is characterised by sudden onset fever, headache, chills and severe myalgia, particularly of the calves and thighs.7 Infection can lead to serious renal, liver, cardiopulmonary and haemorrhagic complications and can be fatal, with a case fatality rate exceeding 50% among severe cases in some settings.8 
Leptospirosis is endemic in some parts of Australia. Many cases occur around Cairns in the wet tropics of Far North Queensland, a region which reports one of the highest rates of leptospirosis among developed countries.9,10 Here, cases often occur seasonally, with the hot, humid wet season environment providing optimal conditions for organism survival. Rodents and livestock are commonly implicated in the spread of pathogenic Leptospira in the region; however, there is a wide variety of known hosts among feral and domestic animal species.2 In Far North Queensland, leptospirosis predominantly affects agricultural workers who are at risk of occupational exposure to pathogenic Leptospira while working in contaminated environments. Workers on local banana farms are at particular risk, with tropical banana plantations known to harbour large populations of rodents and small marsupials which nest in the trees and feed off uncovered fruit. Farm workers can come into contact with the urine of infected animals when cutting down bunches or walking through wet undergrowth. 
Previous leptospirosis outbreaks in Australia have been attributed to changes in environmental conditions, such as flooding and increases in animal hosts, along with increased organism exposure associated with reduced use of personal protective equipment.4,11,12 Animal host carriage of Leptospira serovar can vary by species and geographic area. While identifying animals implicated in leptospirosis outbreaks can be challenging, particularly when protected or endangered species may be involved, knowledge of infecting serovars can be crucial in identifying the source of an outbreak and intervening to prevent further cases. Changes identified in occupational practices or recreational activities that increase the risk of exposure to Leptospira in the environment can also provide opportunities for public health intervention. 
Probable and confirmed leptospirosis cases are notifiable in Queensland; the Tropical Public Health Services, Cairns (TPHS) monitors leptospirosis notifications for the Cairns and Hinterland Hospital and Health Service (CHHHS) region.7 As leptospirosis is endemic to the region, routine follow-up including case interview is limited to severe cases identified by review of clinical notes, to geographical case clusters, and to clusters self-reported by agricultural employers in the region. 
Following heavy rainfall and localised flooding in early 2021, TPHS was alerted to an increase in leptospirosis cases, with notifications almost three times as high, by mid-February 2021, as during the prior five-year comparison period. An epidemiological investigation was launched with the aims, firstly, of detecting any local outbreaks by identifying epidemiological or exposure location links between cases, and secondly, of identifying whether any factors were associated with the increase in leptospirosis cases during the 2021 wet season. 
Methods 
The investigation included confirmed and probable leptospirosis cases notified to the Queensland Notifiable Conditions System (NOCS) with a residential address within the CHHHS region and a date of onset between 1 January and 31 May 2021. The Queensland Health leptospirosis case definition was used. A confirmed case required laboratory evidence of (a) isolation of pathogenic Leptospira species, or (b) a fourfold or greater rise in Leptospira micro-agglutination titre (MAT) between acute and convalescent phase sera obtained at least two weeks apart, or (c) a single Leptospira MAT ≥400 supported by a positive enzyme-linked immunosorbent assay immunoglobulin M (IgM) result. A probable case required detection of Leptospira by nucleic acid testing, including by polymerase chain reaction (PCR). While probable cases become notifiable nationally from 1 January 2022, the Australian surveillance case definition included only confirmed cases during the 2021 period of this investigation.13 
Follow-up and case interview with most leptospirosis cases was suspended during 2020 and 2021 as TPHS public health resources were redeployed to manage the local COVID-19 response. For this reason, case demographics, occupational and recreational exposure sources, presenting symptoms and clinical outcomes were collected from emergency department notes and hospital discharge summaries in The Viewer, Queensland Health’s electronic clinical patient summary system.[footnoteRef:2] The date of symptom onset was calculated using the duration of symptoms reported at hospital presentation. Leptospirosis laboratory test results were reviewed in NOCS and in Queensland Health’s electronic pathology results system, AUSCARE. In order to review the specimen collection timings, the time in days from symptom onset to specimen collection was calculated for each test result, with equivocal results considered negative for these purposes. Infecting serovars were identified from the text comment provided by the leptospirosis laboratory scientist on each pathology report. Rainfall data were obtained for four local weather stations from the Australian Bureau of Meteorology.14 To support the identification of clusters, cases were mapped by residential address using MapInfo Pro GIS.  [2:  	https://www.health.qld.gov.au/clinical-practice/innovation/digital-health-initiatives/queensland/the-viewer.] 

Crude annual leptospirosis notification rates by month and for the investigation period were calculated along with the notification rate of confirmed cases across Australia using estimated resident populations from Queensland Health and the Australian Bureau of Statistics, and notifications from the National Notifiable Disease Surveillance System.15–17 Data for the investigation period were compared to available data for the same months during the prior five- and ten-year periods. Where comparison data were not available, descriptive data were compared with the published epidemiology of leptospirosis. Descriptive summary statistics were calculated and graphs generated in Microsoft Excel 2016. One-sample t-tests, two-sample chi-square tests and Mann-Whitney-U tests were employed for statistical comparison, with p values below 0.05 considered significant. Statistical analysis was undertaken using Stata 15.1. An ethics exemption for this investigation was granted by the Far North Queensland Human Research Ethics Committee under reference EX/2022/QCH/81949 (Jan ver 1) - 1583QA. 
Results 
Distribution 
A total of 43 notified cases met the Queensland leptospirosis case definition during the January to May 2021 investigation period, comprising 34 confirmed cases and nine probable cases. The total number of cases was significantly higher than the mean reported for the same months in the prior five-year (27.8 cases, p < 0.05) and ten-year periods (29.4 cases, p < 0.01), and was the highest number recorded for the region since 2011 (Figure 1). Thirty cases (30/43; 69.8%) were resident in the Cassowary Coast Local Government area (LGA); six cases (6/43; 14.0%) in the Tablelands LGA; four cases (4/43; 9.3%) in the Cairns LGA; and three cases (3/43; 7.0%) in other LGAs in the region (Figure 2) (Figure 3). 


Figure 1: Leptospirosis cases in the Cairns region, January to May, by case status and year
[image: Figure 1 is a histogram of confirmed and probable leptospirosis cases in the Cairns for each year between 2011 and 2021. The chart shows higher case numbers in 2011 and 2012, 2016 and 2017, and then again in 2021. Most of the cases shown are confirmed cases, with a smaller number of probable cases distributed throughout the period. The 5-year mean is overlayed as a line between 2016 and 2020, and the 10-year mean is overlayed as a line between 2011 and 2020. The 5-year and 10-year mean both appear well below the number of cases shown for 2021. ]
Figure 2: Leptospirosis cases in the Cairns region in 2021, by LGAa and week of onset
[image: Figure 2 is a histogram of leptospirosis cases in the Cairns region in 2021, by Local Government Area and week of onset, with the first week commencing on 28 December 2020 and the final week commencing on 31 May 2021. The chart suggests a relatively consistent distribution during the period shown, with a notable spike during the week commencing 8 March 2021. Most of the cases shown are for the Cassowary Coast LGA, with a smaller number shown for the Tablelands LGA, Cairns LGA and Other LGAs. ]
a	LGA: Local Government Area.
Figure 3: Selected LGAsa and weather stations in the Cairns region
[image: Small map of Australia showing location of Cairns region and larger map showing Cairns region in detail. The map of Australia shows the Cairns region located on the far north-eastern coast of the country. The map of the Cairns region shows five Local Government Areas and four weather station stations. The Mareeba Shire is a large landlocked LGA in the northwest of the map, the Tablelands Regional LGA is a large landlocked LGA in the southwest of the map and includes the Atherton Solar Crescent weather station, the Cairns Regional LGA is towards the central east of the map and includes the Cairns Aero weather station, the Yarrabah Aboriginal Shire LGA is to the east of the Cairns Regional LGA and the Cassowary Coast LGA is in the southeast of the map and includes the Innisfail Wharf weather station and Tully Sugar Mill weather station.]
a	Local Government Area.
The crude annual notification rate of confirmed and probable leptospirosis cases for the CHHHS region was 39.0 per 100,000 population during the investigation period, compared to a mean notification rate of 26.5 per 100,000 population during the same months for the prior five-year period. The crude annual notification rate of confirmed leptospirosis cases for the CHHHS region during the investigation period was 30.8 notifications per 100,000 population, compared to 1.6 per 100,000 population across Australia during the same period. 
Demographic characteristics 
The distribution of cases by age, sex and LGA of residence was consistent with leptospirosis notifications received in the prior ten-year comparison period (Table 1). First Nations people accounted for 20.9% of leptospirosis cases during the 2021 investigation period, compared to 8.2% of cases during the comparison period (p < 0.01). 
Table 1: Characteristics of leptospirosis cases, January to May 2021 and prior 10-year comparison period 
	
	2021
(January to May)
	2011-2020
(January to May)
	p-value

	Sex
	
	
	
	
	

	Male
	42
	97.7%
	262
	89.1%
	0.08

	Female
	1
	2.3%
	32
	10.9%
	0.08

	Other / unknown
	0
	0.0%
	0
	0.0%
	—

	Total
	43
	100.0%
	294
	100.0%
	

	Age
	
	
	
	
	

	< 18 years
	5
	11.6%
	33
	11.2%
	0.94

	18–29 years
	18
	41.9%
	103
	35.0%
	0.38

	30–39 years
	6
	14.0%
	48
	16.3%
	0.70

	40–49 years
	4
	9.3%
	41
	13.9%
	0.41

	50–59 years
	4
	9.3%
	39
	13.3%
	0.46

	> 59 years
	6
	14.0%
	30
	10.2%
	0.45

	Total
	43
	100.0%
	294
	100.0%
	

	Median age (range)
	29 years
	(13-69 years)
	33 years
	(4-80 years)
	0.63

	First Nations people
	
	
	
	
	

	First Nations people
	9
	20.9%
	24
	8.2%
	< 0.01a

	Non First Nations people
	34
	79.1%
	270
	91.8%
	

	Total
	43
	100.0%
	294
	100.0%
	

	Country of birthb
	
	
	
	
	

	Australia
	28
	65.1%
	—
	
	—

	Pacific Islands
	5
	11.6%
	—
	
	—

	Europe
	5
	11.6%
	—
	
	—

	New Zealand
	2
	4.7%
	—
	
	—

	India
	2
	4.7%
	—
	
	—

	Other
	1
	2.3%
	—
	
	—

	Total
	43
	100.0%
	n/a
	
	

	Local Government Area (LGA) of residence
	
	
	
	
	

	Cassowary Coast
	30
	69.8%
	175
	59.5%
	0.20

	Tablelands
	6
	14.0%
	34
	11.6%
	0.65

	Cairns
	4
	9.3%
	54
	18.4%
	0.14

	Otherc
	3
	7.0%
	31
	10.5%
	0.48

	Total
	43
	100.0%
	294
	100.0%
	


a	This field meets the criterion for a statistically significant difference between 2021 and the comparison period.
b	Country of birth data is not presented for the comparison period due to very low rates of completion.
c	Other LGAs in the CHHHS region include Mareeba, Douglas, Etheridge and Yarrabah.
Clinical presentation 
All 43 leptospirosis cases for the 2021 investigation period presented to an emergency department at a Queensland public hospital and had clinical information available within The Viewer. Clinical notes revealed that two cases (4.7%) made a prior presentation to a general practitioner, while 41 cases (95.3%) presented directly to a hospital emergency department. A total of 40 cases (93.0%) presented to regional hospitals and three cases (7.0%) to a tertiary referral hospital. Cases accounted for a total of 50 hospital presentations, with 36 cases (83.7%) presenting once and seven cases (16.3%) presenting a second time on the same or following day. 
The median length of stay (LoS) for all cases admitted to hospital was two days (range 0–6 days). A total of 30 cases (30/43, 69.8%) were admitted for at least one overnight stay (LoS ≥ 1 day); nine cases (9/43, 20.9%) were admitted to a bed for a short period before discharge (LoS = 0 day); and four cases (4/43, 9.3%) were treated and discharged from the emergency department (no LoS). A total of 8/40 cases (20.0%) were transferred from a regional hospital to a tertiary referral hospital during their stay, including two by air ambulance and six by road ambulance. Four cases were admitted to an intensive care unit (ICU) for treatment (4/43, 9.3% of all cases). No deaths were reported. 
A symptom onset date was available for 42 cases (42/43, 97.7%), with median onset two days prior to first hospital presentation (range 0–7 days). Presenting signs and symptoms were available for all 43 cases, with fever (40/43; 93.0%), headache (32/43; 74.4%) and myalgia (30/43; 69.8%) the most frequently reported (Table 2). 
Table 2: Presenting leptospirosis signs and symptoms, Cairns region, January to May 2021 
	Sign or symptoma
	Number
	%
	Sign or symptoma
	Number
	%

	Fever
	40
	93.0%
	Sweats
	5
	11.6%

	Headache
	32
	74.4%
	Calf tenderness
	4
	9.3%

	Myalgia
	30
	69.8%
	Sore throat
	4
	9.3%

	Chills
	21
	48.8%
	Dizziness
	4
	9.3%

	Nausea
	20
	46.5%
	Thirst
	3
	7.0%

	Fatigue
	13
	30.2%
	Shortness of breath
	3
	7.0%

	Vomiting
	13
	30.2%
	Runny nose
	3
	7.0%

	Diarrhoea
	12
	27.9%
	General malaise
	3
	7.0%

	Cough
	11
	25.6%
	Rash
	2
	4.7%

	Arthralgia
	7
	16.3%
	Conjunctival suffusion
	2
	4.7%

	Chest pain
	7
	16.3%
	Bilateral flank pain
	2
	4.7%

	Abdominal pain
	5
	11.6%
	Shoulder pain
	2
	4.7%

	Photophobia
	5
	11.6%
	
	
	

	Total cases
	
	
	
	43
	100%


a	Frequency of signs and symptoms reported by ≥ 2 cases.


Table 3: Leptospirosis exposure sources in the Cairns region, January to May 2021 
	Exposure type
	Exposure source
	Number
	%

	Occupational
	Banana farm exposure
	25
	58.1%

	
	Cattle contact
	4
	9.3%

	
	Other occupational
	4
	9.3%

	Recreational
	Swimming in freshwater creeks
	3
	7.0%

	
	Fishing
	3
	7.0%

	
	Other recreational
	1
	2.3%

	Unknown
	Not recorded
	3
	7.0%

	Total
	
	43
	100.0%


Exposure sources 
A presumed leptospirosis exposure source was recorded in clinical notes for 40 cases (40/43; 93.0%), with the majority exposed occupationally while working on banana farms (25/43; 58.1%) (Table 3). Comparison data for leptospirosis exposures in the CHHHS region during prior years were not available. 
Clinical notes suggest that at least five cases (5/43; 11.6%) reported a prior leptospirosis infection and evidence of a previous Queensland notification was located in NOCS for two of these cases. At least four cases (4/43; 9.3%) reported recent travel within Australia. Prior infection and travel data were not recorded consistently in clinical notes to support further analysis. Geospatial mapping of cases by residential address suggested a clustering of cases exposed to banana farms during January and February in the Tully area, and during March in the Innisfail area; however, no other clustering by residential address and exposure source was identified.
Rainfall 
Rainfall in parts of the Cairns region during the 2021 investigation period was much wetter than usual in January, February and April, and much drier than usual during March (Table 4). In addition to the annual monsoon trough, heavy rainfall during January and February was due to the presence of four tropical cyclones in and around North Queensland. An overlay of daily rainfall and the distribution of leptospirosis cases in the Tully and Innisfail areas, where most cases occurred, did not suggest a strong relationship between infections and periods following heavy or prolonged rainfall (see Appendix A, Figures A.1 and A.2). 
Table 4: Monthly rainfall in 2021 compared to 2011-2020 mean, by geographical area 
	
	January
	February
	March
	April
	May

	Cairns
(Cairns LGA)
	Wetter
p < 0.05
	Similar
p = 0.22
	Similar
p = 0.48
	Wetter
p < 0.001
	Similar
p = 0.13

	Tully
(Cassowary Coast LGA)
	Wetter
p < 0.001
	Wetter
p < 0.001
	Drier
p < 0.01
	Wetter
p < 0.001
	Similar
p = 0.05

	Innisfail
(Cassowary Coast LGA)
	Wetter
p < 0.001
	Wetter
p < 0.05
	Drier
p < 0.05
	Wetter
p < 0.001
	Similar
p = 0.29

	Atherton
(Tablelands LGA)
	Similar
p = 0.83
	Similar
p = 0.07
	Drier
p < 0.01
	Wetter
p < 0.001
	Drier
p < 0.001



Infecting serovars 
Infecting serovars were identified for 5/43 cases (11.6%), with four cases infected with serovar Australis and one with serovar Zanoni. No similar case characteristics or exposure sources were identified among the cases infected with serovar Australis. 
In order to better understand reasons for the low serovar detection rate, laboratory results by test type and collection timeframe were reviewed for each case (Table 5). Of the 24 cases with serum collected for acute IgM/MAT testing, only two (2/24, 8.3%) were collected at least 7 days from onset as recommended by guidelines. Of the 11 cases with convalescent MAT testing undertaken, seven (7/11, 63.6%) were collected at least 14 days after collection of the acute MAT specimen as recommended by guidelines. 
Table 5: Leptospirosis laboratory test results 
	
	Tests (n)
	Tests (%)
	Positive (n)
	Positive (%)

	PCR (serum)
	
	
	
	

	˂ 7 days from onset (recommended)a
	36
	92.3%
	36
	100.0%

	≥ 7 days from onset
	3
	7.7%
	1
	33.3%

	Total with PCR result
	39
	100.0%
	37
	94.9%

	Culture (blood)
	
	
	
	

	≤ 10 days from onset (recommended)a
	31
	93.9%
	30
	96.7%

	> 10 days from onset
	2
	6.1%
	2
	100.0%

	Total with culture result
	33
	76.7%
	32
	97.0%

	Acute IgM (serum)b
	
	
	
	

	˂ 7 days from onset
	21
	87.5%
	7
	33.3%

	≥ 7 days from onset (recommended)a
	2
	8.3%
	2
	100.0%

	Unknown timeframe
	1
	4.2%
	1
	100.0%

	Total with acute IgM result
	24
	100.0%
	10
	41.7%

	
	Tests (n)
	Tests (%)
	Infecting serovar identified (n)
	Infecting serovar identified (%)

	Acute MAT (serum)c
	
	
	
	

	< 7 days from onset
	7
	70.0%
	1
	14.3%

	≥ 7 days from onset (recommended)a
	2
	20.0%
	0
	0.0%

	Unknown timeframe
	1
	10.0%
	0
	0.0%

	Total with acute MAT result
	10
	100.0%
	1
	10.0%

	Convalescent MAT (serum)
	
	
	
	

	< 14 days from acute MAT
	4
	36.4%
	0
	0.0%

	≥ 14 days from acute MAT (recommended)a
	7
	63.6%
	4
	57.1%

	Total with convalescent MAT result
	11
	100.0%
	4
	40.0%


a	Timeframe recommended by Queensland Health Leptospirosis Guidelines for Public Health Units.7
b	Does not include non-reactive acute Immunoglobulin M (IgM) specimens that were micro-agglutination titre (MAT) tested in parallel with convalescent specimens.
c	All positive acute IgM specimens were MAT tested.


Discussion 
Outbreak identification 
The criterion for declaring a community outbreak of leptospirosis in Queensland is the presence of two or more epidemiologically linked confirmed cases with a suspected local source of exposure.7 While this investigation identified some clustering of cases by residential address, time and exposure source, only limited information about possible case exposure sites and workplace locations was available from patient clinical records. Very few cases were contacted for case interviews during the investigation period, as local public health staff were almost exclusively deployed to COVID-19 contact tracing and outbreak preparation throughout 2021. Ultimately, the lack of case interview information prohibited the identification of any clear epidemiological links between individual cases; investigators were unable to confirm the presence or absence of a leptospirosis outbreak. 
The ability to identify an outbreak was further hampered by the low serovar detection rate, with infecting serovars identified for only five cases, four of them serovar Australis and one serovar Zanoni. In North Queensland, both serovars are carried by rodents, small marsupials and feral pigs, with Zanoni also carried by dairy cattle.18,19 Both serovars have previously accounted for the majority of infections in the local region and both are associated with severe disease.12,20,21 
The detection of infecting serovars is currently reliant on Leptospira MAT testing, with identification requiring either a fourfold or greater rise in MAT between acute and convalescent phase sera or a positive IgM and a single Leptospira MAT ≥ 400 without cross-reacting serovars producing similar titres.7 The challenges in leptospirosis laboratory diagnosis, timing of specimen collection and serovar detection are well documented;2 however, the systematic early collection of serum, along with suboptimal rates of serum collection for any IgM/MAT testing, resulted in an extremely low serovar detection rate among cases included in this investigation. While serovar identification is of particular public health importance, it has little clinical relevance and confirmatory convalescent serology is rarely required clinically if Leptospira have already been detected by PCR. 
Recent developments in genomic sequencing of pathogenic Leptospira suggest the potential for infecting serovars to be identified by nucleic acid testing in future, a possibility welcomed by public health services to help improve the timely detection of outbreaks.22 A probable leptospirosis case definition for cases detected by nucleic acid testing was recently added to the Australian surveillance case definition, bringing national reporting for leptospirosis with that in place for Queensland since 2011. While the addition will support increased detection and monitoring of leptospirosis at the national level, the move may compromise serovar identification in some regions if accompanied by an increased reliance on PCR testing and a corresponding decrease in serology testing. 
Local pathways are required in North Queensland to improve the collection of case exposure sources and the identification of infecting serovars, particularly during periods of increased case numbers or suspected outbreaks. Ideally, attempts should be made by local public health services to interview all notified leptospirosis cases and to facilitate the collection of convalescent serology. Consideration should also be given to mechanisms that enhance local clinical practices, such as: increased public health liaison with local clinicians about the importance of collecting convalescent serology; the routine documentation of specific case exposure sites by hospital clinicians; and improving Queensland Health leptospirosis specimen collection recommendations.7 
Factors associated with the increase in cases 
Males accounted for 97.7% of cases, and 82.5% of leptospirosis infections were acquired occupationally during this investigation. These findings align with the known epidemiology of leptospirosis as predominantly an occupational disease affecting males in agricultural industries.12,23 The 58.1% rate of exposure to banana farms was somewhat higher than reported elsewhere in the literature;9,12 however, this likely reflects the local agricultural industry, with almost half of Queensland’s bananas grown in the Far North Queensland region.24 First Nations people were found to be over-represented in case numbers in 2021. This may have been due to an increase in local First Nations people working in agricultural occupations during the COVID-19 pandemic when Australian borders were closed. The pandemic may also have led to an increase in leptospirosis testing for people presenting to hospital with febrile illness and testing negative to COVID-19 during the investigation period; however, changes in leptospirosis testing rates were not analysed as part of this investigation. 
Strict biosecurity measures are in place on all banana farms in the Cairns region to prevent the spread of Panama disease, a serious fungal disease of bananas that permanently destroys plantations.25 These measures include disinfecting machinery, equipment, vehicles and footwear before entry to farms, as well as limitations on the movement of farm machinery; the extent to which adherence to these measures might impact leptospirosis acquisition among banana workers is not known. While some biosecurity measures may reduce human exposure to soil contaminated with Leptospira, recent increases in the culling of feral pig populations to prevent the spread of panama spores may alter future Leptospira transmission dynamics between feral pigs, rodents and humans, a matter which warrants ongoing surveillance. 
Clinical presentation and severity of the cases included in this investigation appeared in line with the published epidemiology of leptospirosis in Australia. The hospitalisation rate of 69.8% was generally higher than that described elsewhere, though rates between 32% and 100% have been previously reported in Australia.4,11,12,26 The 9.3% of cases admitted to ICU was consistent with that previously found in the region and approximated the 10% of infections which progress to severe leptospirosis.1 There were no case fatalities during the investigation period, with Cairns Hospital reporting some of the lowest leptospirosis fatality rates in the world among cases with severe disease.20 
This investigation found a median symptom onset just two days prior to hospital presentation. While previous campaigns delivered by TPHS to the banana and dairy industries have highlighted the importance of seeking early treatment for leptospirosis (with delayed treatment previously correlated with the development of severe disease),21 it is now more than ten years since a targeted local campaign was delivered. Given worker turnover and the seasonal nature of these industries, state and local commitment to the ongoing delivery of leptospirosis public health campaigns will help retain local leptospirosis awareness in high-risk industries. 
The Cassowary Coast area south of Cairns receives the highest annual rainfall in Australia. The presence of four tropical cyclones in and around the coast during early 2021 saw the region record some of the wettest months on record. While the investigation did not identify any factors that were clearly associated with the increase in cases, it is likely that high rainfall and localised flooding played some role, with moist conditions supporting Leptospira survival in the environment, and with flood waters dispersing organisms across a wide local geography. Climate modelling for Far North Queensland suggests the region will experience higher temperatures, more intense heavy rainfall, and less frequent but more intense tropical cyclones, which may increase the frequency and magnitude of future leptospirosis outbreaks in the region.6 Strong public health surveillance systems are paramount. 
Limitations 
There were a number of limitations to this investigation, many of which arose from the limited availability of enhanced surveillance information during both the investigation and comparison periods. The inability to collect this information from case interviews meant the investigation was reliant on clinician documented exposure sources which may have introduced bias towards known high-risk occupations without due consideration for the full range of potential case exposures. There was also a reliance on residential addresses; however, many infections were likely acquired elsewhere. A review of notifications for strict adherence with the case definition undertaken for the investigation period was not performed for previous year comparison periods. Finally, a degree of detection bias was likely present, as no notifications were received for cases who did not present to hospital. 
Conclusion 
Leptospirosis remains a neglected tropical disease of public health importance in Far North Queensland. The suspension of most case interviews during the investigation period, due to COVID-19 contact tracing and outbreak preparation, resulted in limited availability of case exposure site information. In addition to a low serovar detection rate, this hampered the ability for this investigation to identify a leptospirosis outbreak. While heavy rainfall in early 2021 is likely to have contributed to the spike in cases, no factors were found to be clearly associated with the increase. Pathways to improve collection of case exposure sources and the identification of infecting serovars will strengthen the detection of future outbreaks and the monitoring of changes in leptospirosis epidemiology across the Cairns region. 
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Appendix A: Supplementary data
Figure A.1: Leptospirosis cases in 2021 in the Tully area, with local daily rainfall overlay
[image: Figure A.1 is a histogram of leptospirosis cases in the Tully area by exposure source and week of onset, with an overlay of daily rainfall. The first week commences on 28 December 2020 and the final week commences on 31 May 2021, with most cases occurring between January and March. The exposure sources shown are banana farm exposure and other exposure, with banana farm exposures comprising the majority of cases shown. While periods of heavy and prolonged rainfall are evident throughout the period, the distribution of cases does not suggest a strong relationship with the periods following this rainfall. ]
Figure A.2: Leptospirosis cases in 2021 in the Inisfail area, with local daily rainfall overlay
[image: Figure A.2 is a histogram of leptospirosis cases in the Innisfail area by exposure source and week of onset, with an overlay of daily rainfall. The first week commences on 28 December 2020 and the final week commences on 31 May 2021, with most cases occurring in March. The exposure sources shown are banana farm exposure and other exposure, with banana farm exposures comprising the majority of cases shown. While periods of heavy and prolonged rainfall are evident throughout the period, the distribution of cases does not suggest a strong relationship with the periods following this rainfall. Briefly comparing figure A.2 with figure A.1 suggests that while there were more leptospirosis cases in the Tully area than the Innisfail area, the majority of cases in both areas were exposed to banana farms.]
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