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Abstract

The “doxycycline deficiency syndrome” is a colloquial term used in tropical Australia to describe the
overlapping, non-specific findings seen in leptospirosis, Q fever, and the rickettsial diseases scrub
typhus and Queensland tick typhus (QTT). A laboratory confirmed diagnosis is frequently delayed,
however, early differentiation of these potentially life-threatening infections has important
implications for clinical management. We examined consecutive laboratory-confirmed cases of
leptospirosis, Q fever, and rickettsial diseases managed at a referral centre in tropical Australia. The
patients’ symptoms, clinical signs and simple laboratory and radiology investigations at presentation
were compared. There were 111 cases of leptospirosis, 59 cases of Q fever, and 34 cases of rickettsial
disease (17 cases of QTT and 17 of scrub typhus). Patients with leptospirosis had a shorter duration
of symptoms and were more likely to have gastrointestinal symptoms, arthralgia, haemoptysis,
hypotension, conjunctival suffusion and abnormal chest auscultation at presentation than patients
with the other infections. They were more likely to have renal impairment and an elevated creatine
kinase but less likely to have an elevated serum ferritin and serum lactate dehydrogenase. Patients
with leptospirosis were more likely to have alveolar and multilobar changes on chest imaging.
Patients with Q fever were more likely to have abnormal liver function tests at presentation but were
more likely to have preserved renal function and normal chest imaging. Patients with rickettsial
disease were more likely to have a rash, an eschar, lymphadenopathy and splenomegaly. Overall,
76/204 (37%) required ICU admission, of whom 56 (74%) had leptospirosis, but all 204 patients
survived to hospital discharge. Leptospirosis, Q fever, and rickettsial diseases can have a similar
presentation but simple clinical, laboratory and imaging findings can help distinguish these
infections and expedite their optimal management.

Keywords: leptospirosis; Q fever; scrub typhus; queensland tick typhus; rickettsial infections;
zoonotic infections; tropical medicine; Australia
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1. Introduction

Leptospirosis, Q fever, Queensland tick typhus (QTT) and scrub typhus are life-threatening
zoonotic diseases that are endemic in tropical Australia [1-3]. Leptospirosis is caused by pathogenic
spirochetes of the genus Leptospira which are excreted from the urine of infected animals, and which
infect humans via skin or mucosal abrasions [4]. Q fever, caused by the gram-negative, obligate
intracellular bacterium Coxiella burnetii, usually develops in humans after the pathogen is inhaled
during contact with infected livestock, domestic mammals and wildlife or after airborne
dissemination of contaminated dust and aerosols [5]. QTT (caused by Rickettsia australis) and scrub
typhus (caused by Orientia tsutsugamushi) are rickettsial infections which are transmitted to humans
by the bites of hard ticks and mites respectively [6,7].

The clinical presentation of individuals with these four infections can be similar and is often non-
specific [8]. Most patients will have a mild, self-limited illness, which is typically characterised by
fever, malaise, myalgia and headache and laboratory abnormalities that include thrombocytopenia
and abnormal liver function tests [1,6,9,10]. But delays in the initiation of appropriate therapy for
these pathogens can necessitate a requirement for hospitalisation and, in some, intensive care unit
(ICU) admission. Even in Australia’s well-resourced health system, deaths from all four infections
have been reported [11-13].

The similarities in the epidemiology and the clinical presentation of these zoonotic infections
and the response of all four pathogens to doxycycline explain why Australian clinicians colloquially
describe these patients, collectively, as having a “doxycycline deficiency syndrome”. However,
distinguishing the infections is also important because their acute clinical course and management
can differ significantly.

Individuals with all four infections can have respiratory symptoms, but even subtle evidence of
lung involvement may be a harbinger of fatal pulmonary haemorrhage in leptospirosis [14].
Individuals with leptospirosis can also develop a Jarisch-Herxheimer reaction after initiation of
antibiotics necessitating more immediate delivery of supportive care [15]. Adjunctive therapies
including corticosteroids may have a role in the early treatment of leptospirosis, although their utility
is incompletely defined [16-18]. Patients with acute Q fever can develop potentially lethal cardiac,
haematological and neurological complications may not be immediately apparent and which can be
challenging to treat [19,20]; they also need close follow up to exclude the development of chronic Q
fever which has a case-fatality rate that exceeds 20% in contemporary series [21,22]. Meanwhile, some
authors have argued that patients with severe scrub typhus should receive combination therapy with
doxycycline and azithromycin rather than doxycycline monotherapy [23].

But how can clinicians distinguish these pathogens? It is also almost never possible to have a
laboratory confirmed diagnosis at a time when this can inform immediate clinical care. Reliable point
of care tests are not available, serology for all four infections is frequently negative at the time of
presentation, and the results of molecular testing are rarely available promptly in the rural locations
where these infections are encountered most commonly [3,26-28]. Classic manifestations of the
individual infections are described and include conjunctival suffusion in leptospirosis and an eschar
and rash in rickettsial diseases, but these characteristic findings are not present in all cases, and even
experienced health workers working in endemic settings have difficulty differentiating the pathogens
clinically [24,25].

This retrospective study examined individuals with a laboratory confirmed diagnosis of
leptospirosis, Q fever, QTT and scrub typhus at a referral hospital in tropical Australia. The study
compared the symptoms and signs, the simple laboratory and radiological findings of each of the
infections at presentation and their subsequent course to define their clinical phenotypes more
precisely. There was a particular focus on determining the findings that were more — or less — likely
to be associated with each of these pathogens. The study aimed to generate data that could be used
in locations where these infections are endemic to expedite their recognition and facilitate their
optimal management while a definitive diagnosis is awaited.
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2. Materials and Methods

This retrospective study was performed at Cairns Hospital, the referral hospital for the region
of Far North Queensland (FNQ). The hospital has 771 beds and serves a population of ~290,000 people
who live across a predominantly rural, geographical area of 380,000 km?2 in remote tropical Australia
(Figure S1). The FNQ region includes the city of Cairns (an international tourist destination and
FNQ’s administrative hub) but it also includes the Cassowary Coast region (home to farms that
produce 80% of Australia’s bananas and large quantities of sugar cane) and the Atherton Tablelands
which also has a busy agricultural sector and a thriving dairy cattle industry [29].

Individuals were eligible for inclusion in the study if they were admitted to Cairns Hospital and
had a laboratory confirmed diagnosis of leptospirosis, acute Q fever, QTT or scrub typhus. The
Australian definitions of laboratory confirmed leptospirosis and acute Q fever are presented in Table
S1. Confirmed QTT or scrub typhus infection was defined as either a positive polymerase chain
reaction (PCR) test or four-fold rise in titres of paired serological specimens. The study included cases
that have been presented in cohorts describing the clinical course of these infections previously
[2,10,26].

Eligible individuals were identified using the Queensland public health system’s electronic
laboratory database (AUSLAB) and included every case of laboratory-confirmed leptospirosis or
acute Q fever, between 1 January 2015 and 30 June 2024; this study period was chosen to coincide
with the introduction of an electronic medical record system at the hospital. Individuals with a
laboratory-confirmed diagnosis of QTT or scrub typhus admitted to Cairns Hospital between 1 June
1997 to 30 June 2024 were also eligible for inclusion. The combination of these rickettsial infections
and the longer period was chosen to increase the number of cases of rickettsial disease in the cohort,
allowing meaningful comparison with the other infections.

The patients’ demographics, relevant exposures (occupational and recreational) and
comorbidity information (defined in Table S2) were collected from their medical records. Findings at
presentation (defined as the symptoms, clinical signs and laboratory results that were recorded on
admission to Cairns Hospital) were also recorded. A patient was said to have a biphasic presentation
if there was a >24-hour period of defervescence or diminution in symptoms prior to presentation [30].
Chest imaging findings were recorded using the specialist radiologist reports that were available on
the hospital’s electronic imaging system. The medical record was reviewed to determine if the
admitting clinician named the pathogen or included “zoonotic infection” in their initial differential
diagnosis. The length of hospitalisation, the requirement for ICU admission and all-cause mortality
before hospital discharge was also recorded.

Statistical Analysis

De-identified data were entered into an electronic database (Microsoft Excel, version 16.0) and
analysed with statistical software (Stata version 18.0). Groups were analysed using the Kruskal-
Wallis test, the chi-squared test and Fisher’s exact test, where appropriate. Logistic regression was
used to quantify the association between the variables most associated with the different infections.
If individuals were missing data, they were not included in analyses which evaluated those variables.

3. Results

There were 204 individuals who satisfied eligibility criteria for the study, this included 111 cases
of leptospirosis, 59 cases of Q fever, and 34 cases of rickettsial disease (17 cases of QTT cases and 17
cases of scrub typhus, respectively). The patients’ median (interquartile range, IQR) age was 45 (29-
60) years, 159/204 (78%) were male and 160/204 (78%) had no recorded comorbidity (Figure S2, Table
S3).

Individuals with leptospirosis were younger (odds ratio (OR) 95% confidence interval (CI): 0.97
(0.96-0.99), p=0.001) and less likely to have comorbidity (OR (95% CI: 0.27 (0.13-0.55), p<0.001) than
the individuals with the other infections.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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3.1. Geographical, occupational and recreational risk factors

Of the 204 cases, 131 (64%) were transferred to Cairns Hospital from another health facility.
Residents of the Tablelands region, home to the region’s intensive cattle farming, were more likely to
have Q fever than the other infections: 22/53 (42%) Tablelands residents had Q fever versus 37/151
(25%) living in other regions, p=0.02. A greater proportion of residents of the Cassowary Coast (home
to the region’s intensive banana and sugar farming industry) had leptospirosis, but the difference did
not reach statistical significance: (36/56 (64%) Cassowary Coast residents had leptospirosis versus
75/148 (51%) living in other regions, p=0.08) (Figure S3).

In the cohort of 204, 44 (22%) worked as a farmer (37/111 (33%) cases of leptospirosis, 6/59 (10%)
cases of Q fever and 1/34 (3%) cases of rickettsial disease). A history of freshwater exposure was
recorded in 23/204 (11%): 22/111 (20%) cases of leptospirosis, 1/59 (2%) cases of Q fever cases, but in
no cases of rickettsial disease.

3.2. Diagnosis

PCR confirmed the diagnosis of leptospirosis in 89/111 (80%) and Q fever in 45/59 (76%).
Rickettsial diseases were diagnosed more commonly with paired serology (26/34, 76%) (Figure 2,
Table S54). The pathogen was named or “zoonotic infection” was included in the differential diagnosis
of the admitting medical officer in 76/204 (37%): 54/111 (49%) leptospirosis cases, 5/59 (8%) Q fever
cases and 17/34 (50%) of the rickettsial infections.

3.3. Clinical presentation

3.3.1. Symptoms

Individuals with leptospirosis had a shorter duration of symptoms prior to presentation than
individuals with the other infections (Tables 1-3). None of the cases of leptospirosis had symptoms
in a biphasic pattern.

Fever was the most common presenting subjective symptom for all four infections. Fatigue and
rigors were more common in patients with Q fever, while gastrointestinal symptoms and arthralgia
were more common in leptospirosis. Haemoptysis was only reported in patients with leptospirosis
(Table 1).

Table 1. Subjective symptoms reported by patients at presentation.

Variable Leptospirosis Q fever Rickettsial diseases * p
n=111 n=59 n=34

Symptom duration (days) 4 (3-5) 7 (5-10) 7 (6-10) 0.0001
Headache 80 (72) 35(59) 19 (56) 0.10
Fevers 106 (96) 58 (98) 34 (100) 0.62
Rigors 40 (36) 32 (54) 9 (26) 0.02
Confusion 8(7) 7(12) 309 0.56
Fatigue 43 (39) 48 (81) 18 (53) <0.0001
Abdominal pain 42 (38) 13 (22) 1(3) <0.0001
Myalgia 83 (75) 30 (51) 24 (71) 0.006
Arthralgia 48 (43) 16 (27) 1(3) <0.0001
Diarrhoea 41 (37) 10 (17) 0 <0.0001
Nausea/vomiting 74 (67) 23 (39) 18 (58) 0.002
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Any GI symptoms ° 90 (81) 35(59) 19 (56) 0.001
Chest pain 9(8) 3(5) 0 0.22
Dyspnoea 16 (14) 10 (17) 5(195) 0.93
Cough 33 (30) 16 (27) 14 (41) 0.34
URTI symptoms 15 (14) 7(12) 0 0.049
Haemoptysis 12 (11) 0 0 0.004
Bleeding/bruising 11 (10) 3(6) 0 0.11

Absolute number (%) or median (interquartile range) presented. GI: gastrointestinal; URTI: upper respiratory
tract infection. ?Includes individuals with confirmed Queensland tick typhus and scrub typhus. ®»One individual
with scrub typhus did not have a duration of symptoms documented. ¢ Includes abdominal pain, nausea,

vomiting or diarrhoea.
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Table 2. Summary of the important differences found between individuals with leptospirosis, Q fever and rickettsial diseases in the cohort.
Leptospirosis Q fever Rickettsial disease
Shorter duration of symptoms before presentation
Presenting symptoms More rigors and fatigue
S More gastrointestinal symptoms and arthralgia; 2 =
haemoptysis
N o . More likely to have hypotension, conjugctlval suffusion or More likely to have skin rash, eschar,
Initial examination findings abnormal chest auscultation lvmphadenopathy or splenomeeal
Less likely to be febrile. ymp pathy orsp galy

N Higher whlte? cell count, neutrophil count. All had abnormal ALT

Initial laboratory Higher CK and CRP . . .

. L . . Preserved renal function High LDH and ferritin
investigations Less liver function derangement Hich LDH and ferritin
Lower LDH and ferritin &
Subsequent laboratory Higher peak WCC and neutrophil count, CK and CRP More liver function test derangement Higher peak APTT
investigations Greater renal impairment (highest peak ALT and AST) Highest peak lactate
More abnormal imaging on admission and during
Chest imaging Multilobar and alveolar changes more common Chest imaging more commonly normal hospitalisation
Interstitial abnormalities more common
Clinical course More likely to require ICU admission, vasopressors and RRT Longer hospital admission, longer ICU stay
Y d > P More likely to require intubation and mechanical ventilation

ICU: Intensive care unit; ALT: alanine transaminase AST: aspartate aminotransferase WCC: white cell count; RRT: renal replacement therapy LDH: lactate dehydrogenase; CK: creatinine kinase; CRP: c-reactive

protein; APTT: activated partial thromboplastin time. * Includes individuals with confirmed Queensland tick typhus and scrub typhus

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 3. Odds ratios for selected clinical and laboratory findings, stratified by pathogen.
Pathogen Variable ? Odds ratio 95% Confidence
interval
Leptospirosis Conjunctival suffusion ® © -
Haemoptysis ° ) -
<7 days of symptoms 12.2 6.1-24.4
Normal LDH © 10.4 3.1-355
Hypotension ¢ 5.4 2.7-10.7
Elevated creatine kinase ° 43 1.9-9.7
Abnormal chest auscultation 3.4 1.7-6.7
Elevated white blood cell count 34 1.6-7.0
Gastrointestinal symptoms & 3.1 1.7-5.8
Q fever Elevated ALT ! W) -
History of fatigue 6.0 2.9-12.5
Normal creatinine " 4.3 2.1-8.9
Normal initial chest imaging 33 1.5-7.3
Rickettsial disease Eschar identified 104.6 13.0-840.7
Rash present 35 12.9-94.9
Splenomegaly 22.5 2.4-208.6
Lymphadenopathy 11.4 3.8-34.2

LDH: lactate dehydrogenase; ALT: alanine transferase. ® At initial assessment. ® Every patient with conjunctival suffusion
or haemoptysis had leptospirosis. ¢ Less than 250 TU/L. ¢ Systolic blood pressure < 100mmHg (only individuals > 16 years
of age) or a requirement for vasopressors. © Greater than 145 IU/mL. f Greater than 11 x 10%L. € Abdominal pain, nausea,
vomiting or diarrhoea. " Less than 110pmol/L. ' Every patient with Q fever had an abnormal ALT at presentation. } Includes

individuals with confirmed Queensland tick typhus and scrub typhus

3.3.2. Clinical signs

Conjunctival suffusion was only documented in leptospirosis cases, and an eschar was identified
in only one individual who did not have a rickettsial disease, but both signs were present in the
minority of individuals with these respective diagnoses. Hypotension and abnormal findings on
chest auscultation were more common in cases of leptospirosis. A rash, lymphadenopathy and
splenomegaly were more commonly documented in cases of rickettsial disease. This
lymphadenopathy was frequently in association with an eschar (odds ratio (95% confidence interval):
9.0 (2.6-31.6). There were no examination findings that were associated with an increased likelihood
of Q fever (Tables 2-4).

Table 4. Objective examination findings on presentation.

Variable Leptospirosis Q fever Rickettsial disease * P

n=111 n=59 n=34

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Hepatomegaly 11 (10) 14 (24) 5(15) 0.06
Splenomegaly 0 1(2) 4(12) 0.001
Lymphadenopathy 6 (5) 0 10 (29) <0.0001
Eschar 0 1(2) 13 (38) <0.0001
Conjunctival suffusion 23 (21) 0 0 <0.0001
Skin rash 19 (17) 1(2) 28 (82) <0.0001
Abnormal chest auscultation 44 (40) 15 (25) 0 <0.0001
Fever > 38.0° Celsius 21(19) 35(59) 19 (56) <0.0001
Supplemental oxygen administered 23 (21) 7 (12) 4(12)° 0.29
Respiratory rate > 22 beaths/minute 44 (40) 23 (40)° 21 (62) 0.06
Heart rate > 100 beats/minute 54 (49) 27 (47)° 22 (65) 0.20
Systolic blood pressure <100 mmHg ¢ 56 (50) 7 (12)° 10 (29) <0.0001

Absolute number (%) presented. ? Includes individuals with confirmed Queensland tick typhus and scrub typhus. ® In one
individual with scrub typhus it was not possible to determine if supplemental oxygen was delivered. ¢ In one individual with
Q fever, it was not possible to determine the respiratory rate, the heart rate or the blood pressure at admission. ¢ Or

requirement for vasopressor support.

3.4. Simple laboratory investigations

The white blood cell and neutrophil count were higher in patients with leptospirosis at
presentation than in patients with the other infections; the platelet count was similar for all infections.
Individuals with leptospirosis were more likely to have renal impairment and an elevated creatine
kinase (CK) at presentation. In contrast, they were less likely to have liver function test derangement,
an elevated lactate dehydrogenase (LDH) or an elevated ferritin at presentation than individuals with
Q fever and rickettsial disease (Table 5). These trends persisted during the patients’ subsequent
hospitalisation (Table S5). Every patient with Q fever had an abnormal alanine aminotransferase
(ALT) at presentation.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 5. Haematological and biochemical values on presentation to hospital.
Leptospirosis Q fever Rickettsial disease ?
Variable Reference range Number with All Number with All Number with All P
data n=111 data n=59 data n=34

Haemoglobin 115 - 160 g/dL 111 134 (111-147) 59 142 (129-154) 34 129 (123-148) 0.02
White cell count 4.0-11.0 x10%L 111 9.3 (6.8-11.9) 59 5.8 (4.2-6.7) 34 7.6 (6.5-11.6) 0.0001

Platelet count 140 - 400 x10°/L 111 119 (72-165) 59 103 (75-149) 34 107 (63-155) 0.90
Neutrophil count 2.0 - 8.0 x10%/L 111 8.2 (5.5-10.6) 58 42(2.8-5.2) 34 7.0 (4.9-10.6) 0.0001
Lymphocyte count 1.0-4.0 x10°/L 111 0.5 (0.3-0.7) 58 1.0 (0.6-1.3) 34 0.6 (0.4-1.0) 0.0001

INR 09-1.2 85 1.1 (1.1-1.3) 35 1.2 (1.1-1.3) 23 1.2 (1.1-1.2) 0.27

APTT 25 - 38 seconds 85 31 (29-34) 33 32 (29-36) 25 33 (31-39) 0.03

Serum sodium 135- 145 mmol/L 111 133 (129-135) 59 132 (128-135) 33 132 (128-135) 0.59
Serum potassium 3.5-5.2 mmol/L 111 3.7 (3.4-4.0) 59 3.9 (3.6-4.1) 30 4.0 (3.6-4.3) 0.0006

Serum urea 2.5—7.8 mmol/L 111 6.4 (4.8-12.3) 59 5.8 (4.5-7.8) 34 6.6 (4.3-11.8) 0.11
Serum creatinine 45 - 90 pmol/L 111 113 (88-205) 59 87 (76-104) 34 100 (80-145) 0.0001
Serum bicarbonate 22 - 32 mmol/L 111 23 (21-25) 59 25 (23-26) 33 23 (20-25) 0.0006

Serum bilirubin <20 pmol/L 111 18 (12-28) 59 18 (14-28) 34 21 (13-28) 0.82
Serum ALT <34 IU/ml 111 68 (27-115) 59 119 (80-222) 34 108 (88-140) 0.0001
Serum AST <31 IU/ml 111 63 (34-135) 59 129 (81-259) 34 156 (99-214) 0.0001
Serum GGT <38 IU/ml 111 51 (22-120) 59 92 (43-179) 34 86 (45-192) 0.007
Serum SAP 30 - 110 IU/ml 111 98 (67-171) 59 98 (78-203) 34 131 (77-220) 0.10
Serum LDH 120 — 250 IU/ml 111 296 (236-359) 59 484 (372-666) 18 492 (457-844) 0.0001
Serum ferritin 5-150 pg/L 24 269 (163-925) 59 1430 (857-2395) 6 1420 (722-3100) 0.001
Serum CK 34-145 IU/ml 83 281 (104-1020) 26 84 (46-136) 17 100 (49-544) 0.0002

Serum CRP <5 mg/L 107 190 (138-287) 55 152 (97-197) 28 179 (79-260) 0.02

Serum lactate 0.5 - 2.2 mmol/L 105 1.5 (1.1-2.3) 46 1.6 (1.3-2.5) 11 1.6 (1.1-5.0) 0.53
Elevated troponin ° - 111 25/111 (23%) 6 3/6 (50%) 3 2/3 (67%) 0.06 °

*Includes individuals with confirmed Queensland tick typhus and scrub typhus. Median (IQR) or number (%) presented. ® Troponin is expressed as a categorical variable as the Beckman Coulter assay for troponin I (normal reference range

<0.040 ng/L) was replaced by the Siemens Atellica assay (reference range <20 ng/L normal for men; <10 ng/L normal for women) during the study period. INR: International Normalised Ratio; APTT: activated partial thromboplastin time;

eGFR: estimated glomerular filtration rate; ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma glutamyl transferase; SAP: serum alkaline phosphatase), LDH: Lactate dehydrogenase; CK: creatinine kinase; CRP:

c-reactive protein
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3.5. Chest imaging

A greater proportion of individuals with rickettsial disease had abnormal chest imaging at
presentation than those with the other infections. Individuals with rickettsial disease were more likely
to have interstitial changes on chest imaging. Individuals with leptospirosis were more likely to have
alveolar changes and multilobar involvement (Tables 2, 3 and 6).

Table 6. Chest imaging on presentation and during admission to hospital.

Variable Leptospirosis Q fever Rickettsial p
n=109°® n=59° disease ¢
n=31°

Abnormal imaging on presentation 37 (34) 9 (15) 16 (52) 0.001
Any abnormal chest imaging during hospitalisation 64 (59) 18 (31) 20 (65) 0.001
Multilobar involvement 50 (46) 7 (12) 10 (32) <0.0001
Alveolar changes 54 (49) 13 (22) 10 (32) 0.002
Interstitial changes 25 (23) 3 (5 12 (39) <0.0001
Pleural effusion 20 (18) 10 (17) 5(16) 1.0

2Includes individuals with confirmed Queensland tick typhus and scrub typhus. ® 109 individuals with leptospirosis has chest imaging
performed. The results of chest imaging were available in 58 individuals with Q fever and 31 individuals with rickettsial disease

Absolute number (%) presented

3.6. Clinical course and outcomes

Antibiotic therapy with activity against the pathogen was prescribed in 201/204 (99%)
individuals. It was possible to determine the timing of antibiotic commencement in 196/201 (98%).
Effective antibiotics were commenced on the first day of hospitalisation in 167/196 (85%) and were
more likely to be commenced on the first day of hospitalisation in patients in whom a zoonotic
infection was in the initial differential diagnosis than in those in whom it was not (74/74 (100%) versus
93/122 (76%), p<0.001).

Overall, 76/204 (37%) required ICU admission; in only 32/76 (42%) was a zoonotic infection in
the initial differential. Patients with leptospirosis were more likely to require ICU admission,
vasopressor support and renal replacement therapy (RRT) than individuals with the other infections.
Individuals with Q fever were less likely to require any organ support. Individuals with rickettsial
diseases had a longer hospital stay. All patients in the cohort survived to hospital discharge (Table

7).
Table 7. Clinical course of the patients in hospital.
Variable Leptospirosis Q fever Rickettsial disease ? P
n=111 n=59 n=34
Length of hospital stay (days) 5(3-8) 6 (3-11) 9 (4-15) 0.007
ICU admission 56 (50) 9(15) 11 (32) <0.0001
Length of ICU admission (days) 3 (2-5) 2 (1-8) 5(3-18) 0.03
Vasopressor support at any point 56 (50) 6 (10) 9 (26) <0.0001
Mechanical ventilation 14 (13) 1(2) 6 (18) 0.01
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RRT 18 (16) 0 3(9) 0.007
Died 0 0 0 -

@ Includes individuals with confirmed Queensland tick typhus and scrub typhus. Median
(interquartile range) or absolute number (%) presented, as appropriate. ICU: Intensive care unit; RRT:

renal replacement therapy.

4. Discussion

Leptospirosis, Q fever and rickettsial infections usually have an uncomplicated disease course if
they are recognised promptly and managed appropriately. However, it was notable that although all
four pathogens are endemic in the FNQ region, in over 60% of the cases of this cohort the admitting
clinician’s initial differential diagnosis did not include a zoonotic infection. Appropriate antibiotic
therapy was initiated later in patients in whom the diagnosis was not considered, which has been
linked to poorer outcomes in all four infections [31-34]. While there were no deaths in the cohort,
over 37% required ICU admission to survive their infection.

Although there were delays in considering the diagnosis in many cases, pragmatists may argue
that disease recognition is the main clinical challenge as the acute management of the four infections
is similar and includes prompt antibiotic therapy, supportive care, and where necessary, ICU
admission for organ support. However, we would argue it is important to not only recognise the
infections, but also to distinguish them, so that clinicians can anticipate potentially fatal complications
of the individual infections, expedite specific investigations to inform their optimal clinical
management and to reduce the health costs of unnecessary diagnostic evaluation [35-37].

FNQ has the highest incidence of leptospirosis in Australia — and was the diagnosis in more than
half of the cohort — which may explain why it was the infection that was most likely to be recognised
at presentation [1,38]. Patients with leptospirosis were younger and less likely to have comorbidity,
reflecting the demography of workers in the local banana and sugar cane industries and the
characteristics of individuals enjoying recreational activities in freshwater. It was notable that the
duration of symptoms among individuals with leptospirosis prior to presentation was also relatively
short and was not biphasic, at odds with the classic teaching, and suggesting that this finding is not
helpful in identifying cases of leptospirosis [39].

Clinical findings in the patients with leptospirosis had only modest predictive value. While
conjunctival suffusion was specific, it was only reported in 21% of the patients. Myalgia, another
classic finding in leptospirosis, was as common in patients with rickettsial infection, although serum
CK levels were much higher in the patients with leptospirosis and could be explained by muscle
damage from direct organism invasion [40,41]. Although severe disease and icteric disease are often
used in patients with leptospirosis [4,42], it was notable among the patients with leptospirosis
admitted to this referral hospital, more than half of whom required ICU admission, the serum
bilirubin at presentation and during the hospitalisation was no greater than that seen in patients with
the other infections [43]. This observation echoes previous series from Australia and may be
explained by the fact that infection with serovars from Icterohaemorrhagiae serogroup are less
commonly seen in Australia than in other locations [1,26,31,44—48].

Individuals with leptospirosis were more likely to have a history of haemoptysis and an
abnormal respiratory examination at presentation, which is likely to be explained by the unique
pathophysiology of lung involvement in patients with leptospirosis. The organism causes damage to
lung capillaries, leading to loss of vascular integrity and alveolar oedema and haemorrhage, which
is exacerbated by a reduction in the sodium transport capacity of alveolar epithelial cells, further
impairing pulmonary fluid handling [49-52]. These pathophysiological changes are also likely to
explain the finding that alveolar changes were more common on chest imaging of the individuals
with leptospirosis during the patients’ hospitalisation.

Individuals with leptospirosis were also more likely to have impaired renal function at
presentation and during their hospitalisation. No fewer than 16% of the patients with leptospirosis
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required RRT during their hospitalisation. Leptospirosis causes renal impairment through a variety
of mechanisms that include tubulointerstitial nephritis, and acute tubular necrosis [53,54]. Leptospira
can be identified adhering to the epithelial surface of the renal tubules and in the tubular lumen
causing local inflammation and tubular dysfunction [54]. However, there is also commonly a
significant contribution to the observed renal impairment by pre-renal factors including hypotension.
The precise mechanism of hypotension in leptospirosis is incompletely understood, but invasive
haemodynamic monitoring demonstrates low systemic vascular resistance, as is seen in sepsis [55,56].
Hypovolaemia from gastrointestinal losses and poor oral intake contribute in many (over 80% of the
patients with leptospirosis in this cohort had gastrointestinal symptoms), while myocarditis plays a
significant role in some cases [57].

The incidence of Q fever in the FNQ region is one of the highest in Australia, so it was notable
that a zoonotic infection was considered in less than 10% of those subsequently diagnosed with C.
burnetii infection [58]. This is important given the specific antibiotic therapy which is recommended
in patients with acute Q fever and the morbidity associated with delayed therapy or a missed
diagnosis [22,33]. Almost 75% of cases of Q fever in this cohort occurred in males who were older
than the patients with the other infections, reflecting the demographics of the cattle farmers in the
region [59]. Fatigue was a common symptom and present in over 80%, although this may be
explained by a more subacute presentation than was seen in the other infections. Patients with Q
fever had the greatest derangement of their liver function tests during their hospitalisation, which is
likely to be explained by the granulomatous hepatitis which is a characteristic and common finding
in patients with acute Q fever [20,60,61]. However, they were far less likely to have significant renal
impairment, an observation that has been noted in other cohorts and which may be due to a lack of
renal tropism and less frequent contribution from pre-renal factors [20,62,63]. Chest imaging was also
more likely to be normal in individuals with Q fever at presentation and during their hospitalisation,
a finding that echoes previous Australian cohorts where respiratory involvement is a less frequent
finding than is seen in other countries [9,60].

Patients with rickettsial infections classically present with the triad of fever, headache, and a
petechial or maculopapular rash [64]. In this cohort, it was the presence of a rash — documented in
over 80% of the patients with a rickettsial infection — which was the most helpful clue to this diagnosis
and explained by the vasculitis of small and medium blood vessels that is the pathological signature
of rickettsial infections [64,65]. The presence of an eschar had greater specificity than the presence of
a rash, and therefore greater positive predictive value, but its utility was limited by the fact that it
was identified in less than 40% of patients with a rickettsial infection in the cohort. There is significant
variation in the presence of an eschar in international series of patients with rickettsial infection,
although this is likely to reflect, at least in part, the diligence with which this important clinical sign
is sought [66,67]. The presence of lymphadenopathy — which was associated with the presence of an
eschar in our cohort — should prompt the clinician to examine the region thoroughly for an otherwise
unidentified eschar [68,69].

Our data suggest that an elevated LDH and ferritin should also, in the appropriate clinical
context, encourage clinicians to consider the diagnosis of a rickettsial infection or Q fever. The
strikingly elevated LDH and ferritin in the patients with rickettsial infection might be explained by
the massive cytokine release seen in severe rickettsial disease [64,70-72] while in acute Q fever it
might be explained by the importance of the macrophage in the lifecycle of C. burnetii [73,74]. The
presence of an elevated LDH and ferritin may also prompt the consideration of hemophagocytic
lymphohistiocytosis (HLH), a rare complication of C. burnetii and rickettsial infections, although no
patients in our cohort received HLH-specific therapy and all survived to discharge [20,75,76]. It was
notable that while most patients were thrombocytopenic at presentation, the degree of
thrombocytopenia was unrelated to the underlying pathogen and coagulopathy was uncommon.

Our study has many limitations. Clinical data were not collected prospectively or in a
standardised manner; specific symptoms and signs was determined by retrospective review of the
medical record and relied upon thorough clinical assessment and, as importantly, documentation.
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The study was performed at a referral hospital and therefore included a sicker cohort of patients; our
findings are likely to be less generalisable to individuals with milder disease. Including only
laboratory confirmed cases enhances the reliability of our findings but again will tend to include
patients with more severe disease in whom the diagnosis is sought more assiduously. There were
fewer individuals with rickettsial disease and Q fever, explained at least in part by less familiarity
with the conditions and their diagnostic workup, but this also limited the statistical power of the
comparisons. The cohort included individuals with rickettsial disease from before 2000, at least 15
years earlier than the patients with leptospirosis and Q fever. Improvements in medical care,
enhanced retrieval and advances in critical care may have translated into a less complicated course
for the patients with leptospirosis and Q fever enrolled more recently [77,78]. Residential address
was used to define the different regions, which does not necessarily reflect where the individual
contracted the infection. Microbiologists may take issue with our conflating the results of the patients
with QTT and scrub typhus, however, the infections have a similar pathophysiology and so we felt
it was reasonable that from a pragmatic perspective to consider them together [10]. The study only
compared leptospirosis, Q fever and rickettsial diseases, there are clearly many other infections
(including malaria, dengue and typhoid) and non-communicable conditions (including vasculitis
and thrombotic microangiopathy syndromes) that can have a similar non-specific presentation, and
which should be considered in the appropriate clinical context [42]. While our findings may help
clinicians in tropical Australia, differences in the incidence of these pathogens mean they may have
less utility in other geographic locations. In other locations the “doxycycline deficiency state” may
include other conditions including Lyme disease, human ehrlichiosis and anaplasmosis [79].
Geographic heterogeneity in the presentation of leptospirosis, Q fever and rickettsial diseases is also
well described [20,46,80-82].

Acknowledging these limitations the study provides insights into the characteristic
presentations of individuals with these zoonotic diseases in this region of tropical Australia. These
clinical presentations can, in many cases, be explained by the pathophysiology of the infections and
will assist local clinicians in rational and cost-effective patient management. Specifically, they may
expedite the recognition of potentially fatal complications of the acute illness [14,19,20], and in some
cases, inform prompt targeted antibiotic therapy [23]. They can ensure that individuals receive
optimal screening at baseline for long term complications and ensure enrolment in longitudinal
follow up [21,83]. Early identification of an outbreak of any of the pathogens may also expedite
recognition of subsequent cases and ensure that they receive prompt therapy [84-86]. Future
prospective studies could compare clinical and laboratory data that are collected in a more systematic
manner. The ongoing evolution in diagnostic testing — particularly point of care testing — would also
be expected to facilitate patient recognition and public health surveillance of these globally
distributed infections [28].

5. Conclusions

Leptospirosis, Q fever, and rickettsial diseases can have a similar presentation but simple
clinical, laboratory and imaging findings can help clinicians identify and distinguish these infections
and ensure their optimal management. These findings may be particularly helpful for clinicians
working in rural and remote regions and resource-limited settings where these life-threatening
infections are encountered most commonly and where a laboratory confirmed diagnosis is rarely
available to inform acute clinical care.

Supplementary Materials: Table S1. Public Health Laboratory Network disease definitions of leptospirosis and
acute Q fever. Table S2. Definitions used for comorbidities in the cohort. Table S3. Demographic characteristics
of the individuals with laboratory-confirmed leptospirosis, acute Q fever and rickettsial disease in the study.
Table S4. Method of laboratory diagnosis. Table S5. Peak and nadir haematological and biochemical values
recorded throughout hospital admission. Figure S1: Map of Far North Queensland, Australia, showing

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2026 d0i:10.20944/preprints202606.0044.v1

14 of 20

catchment area for current study. Adapted from Bird, K. et al [1]. Figure S2: Proportion of individuals diagnosed

with each disease by age group. Figure S3: Number of confirmed cases stratified by area of residence in FNQ.

Author Contributions: Methodology, H.S., S.S. and J.H.; Validation, ]J.H.; Formal analysis, J.H.; Investigation,
H.S. and J.H,; Data curation, H.S., C.Po., M.S,, R.B., C.Pr,, AS, P.R,, T.K, S.S and J.H.; Writing —original draft,
H.S. and ].H.; Writing—review & editing, All authors; Visualization, S.S. and J.H.; Supervision, S.S., K.P. and
J.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical Approval. The study was conducted in accordance with the
Declaration of Helsinki and approved by the Far North Queensland Human Research Ethics Committee
(HREC/EX/2024/QCH/108994) on 2 August 2024.

Informed Consent Statement: As the retrospective data were de-identified and presented in an aggregated

manner, the Committee waived the requirement for informed consent.

Data Availability Statement: Data cannot be shared publicly because of the Queensland Public Health Act 2005.
Data are available from the Far North Queensland Human Research Ethics Committee (contact via email:
FNQ_HREC@health.qld.gov.au) for researchers who meet the criteria for access to confidential data.

Acknowledgments: The authors would like to acknowledge the contribution of all the health care workers

involved in the care of the patients.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Smith, S.; Kennedy, B.J.; Dermedgoglou, A.; Poulgrain, S.S.; Paavola, M.P.; Minto, T.L.;
Luc, M.; Liu, Y.H.; Hanson, J. A simple score to predict severe leptospirosis. PLoS Negl
Trop Dis 2019, 13, 0007205, doi:10.1371/journal.pntd.0007205.

2. Price, C.; Smith, S.; Stewart, J.; Hanson, J. Acute Q Fever Patients Requiring Intensive
Care Unit Support in Tropical Australia, 2015-2023. Emerg Infect Dis 2025, 31, 332-335,
doi:10.3201/eid3102.240422.

3. Stewart, A.G.A.; Smith, S.; Binotto, E.; McBride, W.J.H.; Hanson, J. The epidemiology and
clinical features of rickettsial diseases in North Queensland, Australia: Implications for
patient identification and management. PLoS Negl Trop Dis 2019, 13, ¢0007583,
doi:10.1371/journal.pntd.0007583.

4, Rajapakse, S.; Fernando, N.; Dreyfus, A.; Smith, C.; Rodrigo, C. Leptospirosis. Nat Rev Dis
Primers 2025, 11, 32, doi:10.1038/s41572-025-00614-5.
5. Sivabalan, P.; Saboo, A.; Yew, J.; Norton, R. Q fever in an endemic region of North

Queensland, Australia: A 10 year review. One Health 2017, 3, 51-55,
doi:10.1016/j.0onehlt.2017.03.002.

6. Stewart, A.; Armstrong, M.; Graves, S.; Hajkowicz, K. Rickettsia australis and Queensland
Tick Typhus: A Rickettsial Spotted Fever Group Infection in Australia. Am J Trop Med Hyg
2017, 97, 24-29, do0i:10.4269/ajtmh.16-0915.

7. Luce-Fedrow, A.; Lehman, M.L.; Kelly, D.J.; Mullins, K.; Maina, A.N.; Stewart, R.L.; Ge,
H.; John, H.S.; Jiang, J.; Richards, A.L. A Review of Scrub Typhus (Orientia tsutsugamushi
and Related Organisms): Then, Now, and Tomorrow. Tropical Medicine and Infectious
Disease 2018, 3, 8.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2026 d0i:10.20944/preprints202606.0044.v1

15 of 20

8. Susilawati, T.N.; McBride, W.J.H. Undiagnosed undifferentiated fever in Far North
Queensland, Australia: a retrospective study. International Journal of Infectious Diseases
2014, 27, 59-64, doi:https://doi.org/10.1016/].1jid.2014.05.022.

9. Graves, S.R.; Islam, A. Endemic Q Fever in New South Wales, Australia: A Case Series
(2005-2013). Am J Trop Med Hyg 2016, 95, 55-59, doi:10.4269/ajtmh.15-0828.

10. Gavey, R.; Stewart, A.G.A.; Bagshaw, R.; Smith, S.; Vincent, S.; Hanson, J. Respiratory
manifestations of rickettsial disease in tropical Australia; Clinical course and implications
for patient management. Acta Trop 2025, 266, 107631,
doi:10.1016/j.actatropica.2025.107631.

11. Ralph, A.; Markey, P.; Schultz, R. Q fever cases in the Northern Territory of Australia from
1991 to 2006. Commun Dis Intell Q Rep 2007, 31,222-227, doi:10.33321/cdi.2007.31.20.

12. Smith, S.; Liu, Y.H.; Carter, A.; Kennedy, B.J.; Dermedgoglou, A.; Poulgrain, S.S.; Paavola,
M.P.; Minto, T.L.; Luc, M.; Hanson, J. Severe leptospirosis in tropical Australia: Optimising

intensive care unit management to reduce mortality. PLoS Negl Trop Dis 2019, 13,
€0007929, doi:10.1371/journal.pntd.0007929.

13. Bagshaw, R.J.; Stewart, A.G.A.; Smith, S.; Carter, A.W.; Hanson, J. The Characteristics and
Clinical Course of Patients with Scrub Typhus and Queensland Tick Typhus Infection
Requiring Intensive Care Unit Admission: A 23-year Case Series from Queensland,
Tropical Australia. Am J Trop Med Hyg 2020, 103, 2472-2477, doi:10.4269/ajtmh.20-0780.

14. Sykes, A.; Smith, S.; Stratton, H.; Staples, M.; Rosengren, P.; Brischetto, A.; Vincent, S.;
Hanson, J. Lung Involvement in Patients with Leptospirosis in Tropical Australia;
Associations, Clinical Course and Implications for Management. Trop Med Infect Dis 2025,
10, doi:10.3390/tropicalmed10120333.

15. Guerrier, G.; Lefevre, P.; Chouvin, C.; D'Ortenzio, E. Jarisch-Herxheimer Reaction Among
Patients with Leptospirosis: Incidence and Risk Factors. Am J Trop Med Hyg 2017, 96, 791-
794, doi:10.4269/ajtmh.16-0457.

16. Hart, S.; Smith, S.; Nash, B.; Stratton, H.; Rosengren, P.; Goud, R.S.; Tacon, C.; Hanson, J.
The management and clinical course of patients admitted to the intensive care unit with
leptospirosis in a referral hospital in Far North Queensland, Tropical Australia. Acta Trop
2026, 108154, doi:10.1016/j.actatropica.2026.108154.

17. Kularathna, M.; Kularatne, S.A.M. Clinical Experience of Therapeutic Plasma Exchange
(TPE) in Severe Leptospirosis: A Case Series from Sri Lanka. Trop Med Infect Dis 2026,
11, doi:10.3390/tropicalmed11050132.

18. Rodrigo, C.; Lakshitha de Silva, N.; Goonaratne, R.; Samarasekara, K.; Wijesinghe, 1.;
Parththipan, B.; Rajapakse, S. High dose corticosteroids in severe leptospirosis: a
systematic review. Transactions of The Royal Society of Tropical Medicine and Hygiene
2014, 108, 743-750, doi:10.1093/trstmh/trul48.

19. Bernit, E.; Pouget, J.; Janbon, F.; Dutronc, H.; Martinez, P.; Brouqui, P.; Raoult, D.
Neurological involvement in acute Q fever: a report of 29 cases and review of the literature.
Arch Intern Med 2002, 162, 693-700, doi:10.1001/archinte.162.6.693.

20. Melenotte, C.; Protopopescu, C.; Million, M.; Edouard, S.; Carrieri, M.P.; Eldin, C.;
Angelakis, E.; Djossou, F.; Bardin, N.; Fournier, P.E.; et al. Clinical Features and
Complications of Coxiella burnetii Infections From the French National Reference Center

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2026 d0i:10.20944/preprints202606.0044.v1

16 of 20

for Q Fever. JAMA Netw Open 2018, 1, €181580,
doi:10.1001/jamanetworkopen.2018.1580.

21. van Roeden, S.E.; Wever, P.C.; Kampschreur, L.M.; Gruteke, P.; van der Hoek, W.;
Hoepelman, A.I.M.; Bleeker-Rovers, C.P.; Oosterheert, J.J. Chronic Q fever-related
complications and mortality: data from a nationwide cohort. Clin Microbiol Infect 2019, 25,
1390-1398, doi:10.1016/j.cmi.2018.11.023.

22. Price, C.; Smith, S.; Stewart, J.; Palesy, T.; Corbitt, M.; Galappaththy, C.; Hanson, J.
Increased recognition of Q fever aortitis as a chronic manifestation of Q fever in tropical
North Queensland, Australia. Eur J Clin Microbiol Infect Dis 2023, 42, 1537-1541,
doi:10.1007/s10096-023-04687-6.

23. Varghese, G.M.; Dayanand, D.; Gunasekaran, K.; Kundu, D.; Wyawahare, M.; Sharma, N.;
Chaudhry, D.; Mahajan, S.K.; Saravu, K.; Aruldhas, B.W.; et al. Intravenous Doxycycline,
Azithromycin, or Both for Severe Scrub Typhus. N Engl J Med 2023, 388, 792-803,
doi:10.1056/NEJMo0a2208449.

24, Susilawati, T.N.; McBride, W.J. Undiagnosed undifferentiated fever in Far North
Queensland, Australia: a retrospective study. Int J Infect Dis 2014, 27, 59-64,
doi:10.1016/}.1jid.2014.05.022.

25. Bhargava, A.; Ralph, R.; Chatterjee, B.; Botticau, E. Assessment and initial management of
acute undifferentiated fever in tropical and subtropical regions. Bmj 2018, 363, k4766,
doi:10.1136/bmj.k4766.

26. Stratton, H.; Rosengren, P.; Kinneally, T.; Prideaux, L.; Smith, S.; Hanson, J. Presentation
and Clinical Course of Leptospirosis in a Referral Hospital in Far North Queensland,
Tropical Australia. Pathogens 2025, 14, doi:10.3390/pathogens14070643.

27. Fournier, P.E.; Marrie, T.J.; Raoult, D. Diagnosis of Q fever. J Clin Microbiol 1998, 36,
1823-1834, doi:10.1128/JCM.36.7.1823-1834.1998.

28. Aborode, A.T.; Adesola, R.O.; Scott, G.Y.; Arthur-Hayford, E.; Otorkpa, O.J.; Kwaku, S.D.;
Elebesunu, E.E.; Nibokun, E.O.; Aruorivwooghene, 1.J.; Bakre, A.A.; et al. Bringing lab to
the field: Exploring innovations in point-of-care diagnostics for the rapid detection and
management of tropical diseases in resource-limited settings. Advances in Biomarker
Sciences and Technology 2025, 7, 28-43, doi:https://doi.org/10.1016/].abst.2025.01.001.

209. Queensland regions data. Queensland Government. Department of Primary Industries.

Brisbane. https://www.dpi.qld.gov.au/news-media/campaigns/data-farm/regions. 2026.

30. Rajapakse, S. Leptospirosis: clinical aspects. Clin Med (Lond) 2022, 22, 14-17,
doi:10.7861/clinmed.2021-0784.

31. Tubiana, S.; Mikulski, M.; Becam, J.; Lacassin, F.; Lefévre, P.; Gourinat, A.C.; Goarant, C.;
D'Ortenzio, E. Risk factors and predictors of severe leptospirosis in New Caledonia. PLoS
Negl Trop Dis 2013, 7, ¢1991, doi:10.1371/journal.pntd.0001991.

32. McBride, W.J.; Hanson, J.P.; Miller, R.; Wenck, D. Severe spotted fever group rickettsiosis,
Australia. Emerg Infect Dis 2007, 13, 1742-1744, doi:10.3201/eid1311.070099.

33. Dijkstra, F.; Riphagen-Dalhuisen, J.; Wijers, N.; Hak, E.; Van Der Sande, M.A.B.; Morroy,
G.; Schneeberger, P.M.; Schimmer, B.; Notermans, D.W.; Van Der Hoek, W. Antibiotic
therapy for acute Q fever in The Netherlands in 2007 and 2008 and its relation to
hospitalization. Epidemiology and Infection 2011, 139, 1332-1341,
doi:10.1017/S0950268810002621.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2026 d0i:10.20944/preprints202606.0044.v1

17 of 20

34, Gunasekaran, K.; Bal, D.; Varghese, G.M. Scrub Typhus and Other Rickettsial Infections.
Indian J Crit Care Med 2021, 25, S138-s143, doi:10.5005/jp-journals-10071-23841.

35. Lubell, Y.; Althaus, T.; Blacksell, S.D.; Paris, D.H.; Mayxay, M.; Pan-Ngum, W.; White,
L.J.; Day, N.P.; Newton, P.N. Modelling the Impact and Cost-Effectiveness of Biomarker
Tests as Compared with Pathogen-Specific Diagnostics in the Management of
Undifferentiated Fever in Remote Tropical Settings. PLoS One 2016, 11, 0152420,
doi:10.1371/journal.pone.0152420.

36. Kampschreur, L.M.; Dekker, S.; Hagenaars, J.C.; Lestrade, P.J.; Renders, N.H.; de Jager-
Leclercq, M.G.; Hermans, M.H.; Groot, C.A.; Groenwold, R.H.; Hoepelman, A.L; et al.
Identification of risk factors for chronic Q fever, the Netherlands. Emerg Infect Dis 2012,
18, 563-570, doi:10.3201/eid1804.111478.

37. Silva, L.R.D.; Carneiro, M.C.; Lorga, A.C.M.; Santos, L.; Midon, L.M.; Duarte Neto, A.N.;
Amamura, T.A.; Isaac, L. Leptospirosis-associated pulmonary hemorrhagic syndrome:
immune mechanisms, clinical manifestations, and experimental models. Rev Inst Med Trop
Sao Paulo 2026, 68, €9, doi:10.1590/s1678-9946202668009.

38. National Notifiable Disease Surveillance System. Available online:
https://nindss.health.gov.au/pbi-dashboard/ (accessed on 18 May, 2026).

39. Limothai, U.; Srisawat, N.; Haake, D.A. Early diagnosis and treatment of leptospirosis:
Optimizing clinical outcomes. J Infect 2026, 92, 106675, doi:10.1016/j.jinf.2025.106675.

40. Miyahara, S.; Mori, H.; Fukuda, K.; Ogawa, M.; Saito, M. Non-purulent myositis caused by

direct invasion of skeletal muscle tissue by Leptospira in a hamster model. Infect Immun
2024, 92, 0042023, doi:10.1128/iai.00420-23.

41. Arean, V.M. The pathologic anatomy and pathogenesis of fatal human leptospirosis (Weil's
disease). Am J Pathol 1962, 40, 393-423.

42. Day, N.P.J. Leptospirosis: Epidemiology, microbiology, clinical manifestations, and
diagnosis. UpToDate 2026.

43, Chako CS, L.S., Jayakumar A, Binu SL, Pant RD, Giri A, Chand S, UP N A short review on
leptospirosis: Clinical manifestations, diagnosis and treatment. . Clin Epidemiol Glob
Health 2021, doi:https://doi.org/10.1016/j.cegh.2021.100741.

44, Smythe, L.; Dohnt, M.; Norris, M.; Symonds, M.; Scott, J. Review of leptospirosis
notifications in Queensland 1985 to 1996. Commun Dis Intell 1997, 21, 17-20,
doi:10.33321/¢di.1997.21.3.

45, Katz, A.R.; Ansdell, V.E.; Effler, P.V.; Middleton, C.R.; Sasaki, D.M. Assessment of the
clinical presentation and treatment of 353 cases of laboratory-confirmed leptospirosis in
Hawaii, 1974-1998. Clin Infect Dis 2001, 33, 1834-1841, doi:10.1086/324084.

46. Rosengren, P.; Johnston, L.; Ismail, I.; Smith, S.; Hanson, J. The Characteristics of Patients

That Develop Severe Leptospirosis: A Scoping Review. Pathogens 2025, 14,
doi:10.3390/pathogens14121268.

47. Craig, S.B.; Graham, G.C.; Burns, M.A.; Dohnt, M.F.; Smythe, L.D.; McKay, D.B.
Haematological and clinical-chemistry markers in patients presenting with leptospirosis: a
comparison of the findings from uncomplicated cases with those seen in the severe disease.
Ann Trop Med Parasitol 2009, 103, 333-341, doi:10.1179/136485909x435058.

48. Hochedez, P.; Theodose, R.; Olive, C.; Bourhy, P.; Hurtrel, G.; Vignier, N.; Mehdaoui, H.;
Valentino, R.; Martinez, R.; Delord, J.M.; et al. Factors Associated with Severe

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2026

49.

50.

51.

52.

53.

54.

55.

56.

57.

8.

59.

60.

61.

18 of 20

Leptospirosis, Martinique, 2010-2013. Emerg Infect Dis 2015, 21, 2221-2224,
doi:10.3201/eid2112.141099.

Nicodemo, A.C.; Duarte, M.1.; Alves, V.A.; Takakura, C.F.; Santos, R.T.; Nicodemo, E.L.
Lung lesions in human leptospirosis: microscopic, immunohistochemical, and
ultrastructural features related to thrombocytopenia. Am J Trop Med Hyg 1997, 56, 181-
187, do0i:10.4269/ajtmh.1997.56.181.

Nicodemo, A.C.; Duarte-Neto, A.N. Pathogenesis of Pulmonary Hemorrhagic Syndrome in
Human Leptospirosis. Am J Trop Med Hyg 2021, 104, 1970-1972, doi:10.4269/ajtmh.20-
1000.

Dolhnikoff, M.; Mauad, T.; Bethlem, E.P.; Carvalho, C.R. Leptospiral pneumonias. Curr
Opin Pulm Med 2007, 13, 230-235, doi:10.1097/MCP.0b013e3280f9d{74.

Andrade, L.; Rodrigues, A.C., Jr.; Sanches, T.R.; Souza, R.B.; Seguro, A.C. Leptospirosis
leads to dysregulation of sodium transporters in the kidney and lung. Am J Physiol Renal
Physiol 2007, 292, F586-592, doi:10.1152/ajprenal.00102.2006.

Sethi, A.; Kumar, T.P.; Vinod, K.S.; Boodman, C.; Bhat, R.; Ravindra, P.; Chaudhuri, S.;
Shetty, S.; Shashidhar, V.; Prabhu, A.R.; et al. Kidney involvement in leptospirosis: a
systematic review and meta-analysis. Infection 2025, 53, 785-796, d0i:10.1007/s15010-025-
02492-1.

Daher Ede, F.; de Abreu, K.L.; da Silva Junior, G.B. Leptospirosis-associated acute kidney
injury. J Bras Nefrol 2010, 32, 400-407.

Marotto, P.C.; Nascimento, C.M.; Eluf-Neto, J.; Marotto, M.S.; Andrade, L.; Sztajnbok, J.;
Seguro, A.C. Acute lung injury in leptospirosis: clinical and laboratory features, outcome,
and factors associated with mortality. Clin Infect Dis 1999, 29, 1561-1563,
doi:10.1086/313501.

Niwattayakul, K.; Homvijitkul, J.; Niwattayakul, S.; Khow, O.; Sitprija, V. Hypotension,
renal failure and pulmonary complications in leptospirosis. . Renal Failure 2002, 24, 297-
305, doi:10.1081/JDI-120005363.

Seguro, A.C.; Andrade, L. Pathophysiology of leptospirosis. Shock 2013, 39 Suppl 1, 17-23,
doi:10.1097/SHK.0b013e31828fae49.

Tozer, S.; Wood, C.; Si, D.; Nissen, M.; Sloots, T.; Lambert, S. The improving state of Q
fever surveillance. A review of Queensland notifications, 2003-2017. Commun Dis Intell
(2018) 2020, 44, doi:10.33321/cdi.2020.44.48.

The ABSF Explained: Diversity. Available online:
https://www.sustainableaustralianbeef.com.au/resources/news/the-absf-explained-diversity/
(accessed on 26 April, 2026).

Hopper, B.; Cameron, B.; Li, H.; Graves, S.; Stenos, J.; Hickie, 1.; Wakefield, D.; Vollmer-
Conna, U.; Lloyd, A.R. The natural history of acute Q fever: a prospective Australian
cohort. QJM: An International Journal of Medicine 2016, 109, 661-668,
doi:10.1093/gjmed/hew041.

Lee, M.; Jang, J.J.; Kim, Y.S.; Lee, S.O.; Choi, S.H.; Kim, S.H.; Yu, E. Clinicopathologic
features of q Fever patients with acute hepatitis. Korean J Pathol 2012, 46, 10-14,
doi:10.4132/KoreanJPathol.2012.46.1.10.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

d0i:10.20944/preprints202606.0044.v1


https://doi.org/10.20944/preprints202606.0044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2026 d0i:10.20944/preprints202606.0044.v1

19 of 20

62. Korman, T.M.; Spelman, D.W.; Perry, G.J.; Dowling, J.P. Acute glomerulonephritis
associated with acute Q fever: case report and review of the renal complications of Coxiella
burnetii infection. Clinical infectious diseases 1998, 26, 359-354.

63. Perez-Arellano, J.L.; Curbelo, J.; Carranza-Rodriguez, C. A Comprehensive Review of the
Mechanisms of Human Q Fever: Pathogenesis and Pathophysiology. Pathogens 2025, 14,
doi:10.3390/pathogens14060589.

64. Snowden, J.; Ladd, M.; King, K.C. Rickettsial Infection. In StatPearls; Treasure Island
(FL), 2025.

65. Sahni, A.; Fang, R.; Sahni, S.K.; Walker, D.H. Pathogenesis of Rickettsial Diseases:
Pathogenic and Immune Mechanisms of an Endotheliotropic Infection. Annu Rev Pathol
2019, /4, 127-152, doi:10.1146/annurev-pathmechdis-012418-012800.

66. Paris, D.H.; Shelite, T.R.; Day, N.P.; Walker, D.H. Unresolved problems related to scrub
typhus: a seriously neglected life-threatening disease. Am J Trop Med Hyg 2013, 89, 301-
307, doi:10.4269/ajtmh.13-0064.

67. Warrell, C.E.; Osborne, J.; Nabarro, L.; Gibney, B.; Carter, D.P.; Warner, J.; Houlihan, C.F.;
Brooks, T.J.G.; Rampling, T. Imported rickettsial infections to the United Kingdom, 2015-
2020. J Infect 2023, 86, 446-452, doi:10.1016/}.jinf.2023.03.015.

68. Lee, J.W.; Lee, S.M.; Lee, K.T.; Kim, S.Y.; Han, S.W.; Kim, S.Y. Lymphadenopathy by
Scrub Typhus Mimicking Metastasis on FDG PET/CT in a Patient with a History of Breast
Cancer. Nucl Med Mol Imaging 2015, 49, 157-159, doi:10.1007/s13139-014-0313-1.

69. Barbiero, A.; Manciulli, T.; Spinicci, M.; Vellere, 1.; Colao, M.G.; Rossolini, G.M.;
Bartoloni, A.; Raoult, D.; Zammarchi, L. Scalp eschar and neck lymph adenopathy after a
tick bite (SENLAT) in Tuscany, Italy (2015-2022). Infection 2023, 51, 1847-1854,
doi:10.1007/s15010-023-02079-8.

70. Williams, V.; Menon, N.; Bhatia, P.; Biswal, M.; Sreedharanunni, S.; Jayashree, M.;
Nallasamy, K. Hyperferritinemia in children hospitalized with scrub typhus. Trop Med
Health 2021, 49, 15, doi:10.1186/s41182-021-00304-4.

71. Skarbek, S.; Samuels; A., T.H.; Sharrack, S.; Cohen, D.; Manson, J.J.; Tattersall, R.S.;
Brown, M.; Meiring, J.E. The association between rickettsial infection and
hyperinflammation, diagnostic and management challenges. Journal of Infection 2025, 90,
doi:10.1016/j.jinf.2024.106372.

72. Thomas, J.; Walter, R. Hypercytokinemia and doxycycline deficiency: haemophagocytic
lyphohistiocytosis secondary to rocky mountain spotted fever in an adult Chest 2021, 160,
A645, doi:10.1016/j.chest.2021.07.615.

73. Ghigo, E.; Pretat, L.; Desnues, B.; Capo, C.; Raoult, D.; Mege, J.L. Intracellular life of
Coxiella burnetii in macrophages. Ann N Y Acad Sci 2009, 1166, 55-66, doi:10.1111/j.1749-
6632.2009.04515 .x.

74. Vassilopoulos, A.; McCormick, W.; Lakhani, A. Update in Hyperferritinemic Syndromes:
Recognition and Management - A Scoping Review. Brown Hospital Medicine 2022, 1,
doi:10.56305/001¢.37667.

75. Saglam, B.; Albayrak, M.; Acar, A.; Yildiz, A.; Maral, S.; Tiglioglu, M.; Battal, i.; Sahin,
E.N.; Kus, A. Q fever as a rare cause of hemophagocytic lymphohistiocytosis: Case report.
Transfusion and Apheresis Science 2020, 59, 102747,
doi:https://doi.org/10.1016/j.transci.2020.102747.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2026 d0i:10.20944/preprints202606.0044.v1

20 of 20

76. Naoi, T.; Morita, M.; Kawakami, T.; Fujimoto, S. Hemophagocytic Lymphohistiocytosis
Associated with Scrub Typhus: Systematic Review and Comparison between Pediatric and
Adult Cases. Trop Med Infect Dis 2018, 3, doi:10.3390/tropicalmed3010019.

77. Pilowsky, J.K.; Ueno, R.; McLarty, J.; Pilcher, D.; Bailey, M.; Brown, A. Mortality Trends
Across Key Diagnostic Groups in Australian and New Zealand ICUs Over the Past 30
Years. Crit Care Med 2025, 53, ¢2124-¢2133, d0i:10.1097/ccm.0000000000006817.

78. Franklin, R.C.; King, J.C.; Aitken, P.J.; Elcock, M.S.; Lawton, L.; Robertson, A.; Mazur,
S.M.; Edwards, K.; Leggat, P.A. Aeromedical retrievals in Queensland: A five-year review.
Emerg Med Australas 2021, 33, 34-44, doi:10.1111/1742-6723.13559.

79. Jenkins, 1.; Vinetz, J. The devil is in the details. J Hosp Med 2009, 4, 382-386,
doi:10.1002/jhm.463.

80. Long, C.M.; Beare, P.A.; Cockrell, D.C.; Larson, C.L.; Heinzen, R.A. Comparative
virulence of diverse Coxiella burnetii strains. Virulence 2019, 10, 133-150,
doi:10.1080/21505594.2019.1575715.

81. Lu, M.; Li, F;; Liao, Y.; Shen, J.-J.; Xu, J.-M.; Chen, Y.-Z.; Li, J.-H.; Holmes, E.C.; Zhang,
Y.-Z. Epidemiology and Diversity of Rickettsiales Bacteria in Humans and Animals in
Jiangsu and Jiangxi provinces, China. Scientific Reports 2019, 9, 13176,
doi:10.1038/s41598-019-49059-3.

82. Raoult, D.; Roux, V. Rickettsioses as paradigms of new or emerging infectious diseases.
Clin Microbiol Rev 1997, 10, 694-719, doi:10.1128/cmr.10.4.694.

83. Anderson, A.; Bijlmer, H.; Fournier, P.E.; Graves, S.; Hartzell, J.; Kersh, G.J.; Limonard,
G.; Marrie, T.J.; Massung, R.F.; McQuiston, J.H.; et al. Diagnosis and management of Q
fever--United States, 2013: recommendations from CDC and the Q Fever Working Group.
MMWR Recomm Rep 2013, 62, 1-30.

84. Suhr, R.; Belonogoff, S.; McCallum, F.; Smith, J.; Shanks, G.D. Scrub Typhus Outbreak
among Soldiers in Coastal Training Area, Australia, 2022. Emerg Infect Dis 2024, 30, 41-
46, doi:10.3201/e1d3014.240056.

85. Archer, B.N.; Hallahan, C.; Stanley, P.; Seward, K.; Lesjak, M.; Hope, K.; Brown, A.
Atypical outbreak of Q fever affecting low-risk residents of a remote rural town in New
South Wales. Commun Dis Intell Q Rep 2017, 41, E125-¢133, doi:10.33321/¢di.2017.41.17.

86. Smith, J.K.; Young, M.M.; Wilson, K.L.; Craig, S.B. Leptospirosis following a major flood
in Central Queensland, Australia. Epidemiol Infect 2013, 141, 585-590,
doi:10.1017/s0950268812001021.

87. Bird, K.; Bohanna, I.; McDonald, M.; Wapau, H.; Blanco, L.; Cullen, J.; McLucas, J.;
Forbes, S.; Vievers, A.; Wason, A.; et al. A good life for people living with disability: the
story from Far North Queensland. Disabil Rehabil 2024, 46, 1787-1795,
doi:10.1080/09638288.2023.2205172.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0044.v1
http://creativecommons.org/licenses/by/4.0/

