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Abstract
Aim: The objectives of this study are to determine the epidemiology of biopsy-proven glomerular disease (GD) in Central Queensland and the effect of
a severe cyclone on its incidence and clinical phenotype. Background: Central Queensland (CQ) has a relatively high incidence of kidney disease. Since
its biopsy service commenced in 2005, there have been no data on biopsy-proven
GD. It has been suggested that GD incidence changes around times of natural
disasters. In February 2015, the CQ region was affected by a category 5 Cyclone Marcia. This provides an opportunity to explore possible environmental
triggers of GD. Methods: This was a single-centre retrospective observational
study on biopsy-proven kidney disease in CQ. All kidney biopsies performed
between January 2005 and December 2019 were included. Patients with biopsy-proven GD during 3 years before and after Cyclone Marcia (from 2012
to 2018) were analysed. Results: 170 native kidney biopsies occurred during
the 15 years. The number of annual biopsies steadily increased from 7 to 16.
The most common biopsy-proven kidney disease was IgA Nephropathy (27%)
followed by diabetic nephropathy (20%). GD comprised 64% of biopsies.
Unlike other GD, the incidence of ANCA-associated vasculitis (AAV) significantly increased after cyclone (one pre- and eight post-cyclone, P value =
0.039). The majority of AAV cases occurred in the first year after the cyclone.
Conclusion: Kidney biopsies in CQ provide important epidemiological data
on biopsy-proven kidney disease. Cyclones have a possible effect on the inci-
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dence and clinical phenotype of ANCA associated vasculitis.

Keywords
Anti-Neutrophil Cytoplasmic Antibody-Associated Vasculitis, Australia,
Cyclonic Storms, Glomerulonephritis, Kidney Biopsy, Queensland

1. Introduction
Chronic kidney disease (CKD) touches the lives of many Australians and approximately 1 in 10 Australian adults has some clinical sign of kidney disease
[1]. Over 2000 people start kidney replacement therapy (dialysis or transplant)
every year [2]. Glomerular disease (GD) is a major cause of CKD and the second
leading cause of end-stage renal failure in Australasia, accounting for 16% - 18%
of underlying kidney disease [3]. However, unlike general CKD, much less is known
about the epidemiology, aetiology and environmental association for GD. Studies on the epidemiology of GD may shed light on its aetiology. Central Queensland (CQ) is one of Australia’s CKD hot spots, with an estimated CKD prevalence of 13% compared to the national average of 10% [4].
It has been suggested that environmental factors are implicated in the pathogenesis of GD and are associated with changing incidence of GD. Many socially
and environmentally determined factors have been linked with the development
of GD, such as air pollution in membranous nephropathy [5], heavy metals in
minima change disease [6], and smoking and hydrocarbon inhalation in antiglomerular basement membrane disease [7].
There have been no studies to date on the effects of cyclone on kidney disease.
There have been several publications looking at the effects of other natural disasters on the rates of AAV (Table 1).
Table 1. Summary of studies that evaluated the effect of major environmental disasters on the incidence of ANCA associated vasculitis.
Environmental
factors (severity)

Study
outcome

Type of ANCA

Pulmonary involvement

Japan (2011)
(The Great East)
Takeuchi et al. [10]

Earthquake
(magnitude 9.0)

Positive

MPO > PR3

Ground glass changes in CT chest
(65%)

New Zealand (2011)
(Christchurch)
Farquhar et al. [11]

Earthquake
(magnitude 6.4)

Negative

PR3 > MPO

Upper respiratory (40%)
Lower respiratory (48%)

Japan (1995)
(Kobe)
Yashiro et al. [9]

Earthquake
(magnitude 7.2)

Positive

MPO > PR3

Pulmonary symptoms (57%)

Country (Year) (Author)
Renal Vasculitis studies
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Continued
Pulmonary Vasculitis study
Japan (2011)
(Tohoku Region)
Ebisawa et al. [12]

ANCA results:
18.2% (Pre-), 14.3%
(Post-earthquake)

Earthquake
(magnitude < 6)

Significant increase in silica on
bronchoscopy lung lavages but no
difference in lung haemorrhage

The incidence of glomerulonephritis has been posited to be higher following
an earthquake in earthquake-affected districts compared to non-affected areas
[8]. Rates of ANCA-associated vasculitis (AAV) following earthquakes in Japan
showed a significant increase in MPO positive AAV, concluding that environmental agents may have a role in the pathogenesis of AAV [9] [10]. One study
was conducted looking at the rates of AAV following the 1995 Kobe earthquake
in Japan which demonstrated a significant increase in MPO associated AAV [9].
Another study in Japan showed that the incidence of MPO associated AAV was
increased significantly after a severe earthquake [10]. However, these findings
were not replicated in all studies: a similar study that examined the rates of AAV
three years before and after the earthquake in Christchurch in New Zealand
found no difference between both groups [11]. The difference from both studies
could be due to different racial demographics, population density, air quality
post-earthquake and type of vasculitis and the degree of damage caused by the
earthquakes. The magnitude of the earthquake in Japan were 9.0 and 7.2 Richter,
respectively, whereas 6.4 Richter in Christchurch, New Zealand [9] [10] [11].
CQ region is prone to natural disasters. In February 2015, the CQ region was
heavily affected by a category 5 Cyclone Marcia. Cyclones can have a direct impact on health via their physical damage and indirect effects due to the aftermath
of environmental and social changes. Studying the health effects of cyclones has
become increasingly important, especially as cyclones have become more common and intense around the globe in recent decades, especially in Australia
which sits across two ocean basins where cyclones form the Southern Indian
Ocean and the Southern Pacific Ocean [13].
Since kidney biopsy service commenced in CQ in 2005, there have been no
epidemiological data on biopsy-proven kidney disease or GD in particular. Although Australia is frequently affected by environmental disasters such as cyclones and severe storms, there have been no studies to date conducted locally to
assess if there is any correlation between them and the incidence of GD. Therefore, the objectives of this study are firstly to determine the background epidemiology of biopsy-proven kidney disease in CQ and secondly to assess the effect
of a severe cyclone on the incidence and clinical phenotype of GD.

2. Method
This was a single centre retrospective observational study conducted in CQ. The
data on kidney biopsies, which were performed from when kidney biopsy service
started to the end of the study period (January 2005 to December 2019), were
collected to determine the background epidemiology of biopsy-proven kidney
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disease.
Inclusion criteria are all CQ patients with biopsy-proven GD from 3 years before Cyclone Marcia (1st of February 2012-28th of February 2015) and 3 years after cyclone (1st of March 2015-28th of February 2018). Exclusion criteria were GD
secondary to other conditions, such as hepatitis B or C virus, HIV-associated nephropathy, plasma cell dyscrasias, and paraneoplastic glomerulopathy. GD patients
without biopsies were also excluded.
Data on serology results, organ involvement, requirements of dialysis/plasma
exchange, kidney function, pre-existing risk factors including occupation, medications and smoking status pre- and post-cyclone were collected from existing
hospital electronic and paper health records. The Charlson Comorbidity Index
[14] was calculated by determining the patient’s comorbidities from their health
records at the time of their biopsy.
The study was approved by Central Queensland Human Research Ethics
Committee and the local governance authority (HREC/17/QCQ/7)) in Central
Queensland Hospital and Health Service on 02/01/2018.
Continuous variables were reported as means with standard deviations, and medians whereas categorical variables were expressed as number (values) and percentage. Data summary and graphs were performed using Microsoft Excel, and
data analysis was performed using Stata/SE v15.1. Quantitative data were compared
with the use of Fisher’s exact test for counts and Incidence Rate Ratios (IRR) for
event rates. The level of significance was set at a two-tailed p-value of ≤0.05.

3. Results
187 kidney biopsies occurred during the 15-year study period, of which 170
(91%) were native biopsies. The number of kidney biopsies performed per year
has steadily increased over the years from 7 in 2005 to 16 in 2018. The median
age of patients who underwent kidney biopsy was 52 years (SD 16 years), 107
(57%) of them are males. The most common reasons for ordering native kidney
biopsy were acute kidney injury (54%), nephritic syndrome (34%), subnephrotic
proteinuria (30%) and nephrotic syndrome (30%). Among patients presenting
with nephrotic syndrome, the most common diagnoses were minimal change
disease, (23%), primary focal segmental glomerulosclerosis (23%) and membranous nephropathy (20%).
The most common diagnosis on biopsy was IgA Nephropathy (27% of biopsies)
followed by diabetic nephropathy (20%) and membranous nephropathy (18%)
(Table 2). GD accounted for 64% of biopsy findings. Most GDs had stable incidence
during the study period, except for a spike in AAV incidence in 2015 (Figure 1).

Cyclone Data
ANCA-associated vasculitis (AAV) was the only GD that showed a significant
increase in incidence after cyclone Marcia (pre-cyclone: 1 case, 1.5 cases per million-person years; post-cyclone: 8 cases, 12.1 cases per million-person years,
DOI: 10.4236/ojneph.2021.114040
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Table 2. List of diagnoses on kidney biopsies in central Queensland.
Biopsy Diagnosis

Number (percentage)

IgA Nephropathy

27 (27%)

Diabetic Nephropathy

20 (20%)

Membranous Nephropathy

18 (18%)

Focal Segmental Glomerulosclerosis

17 (17%)

ANCA Vasculitis

16 (16%)

Minimal Change Disease

8 (8%)

Lupus Nephritis

8 (8%)

Membranoproliferative Glomerulonephritis

7 (7%)

Normal

7 (7%)

Acute Tubular Necrosis

6 (6%)

Interstitial Nephritis

5 (5%)

Thrombotic Microangiopathy

4 (4%)

Amyloidosis

4 (4%)

Acute Interstitial Nephritis

3 (3%)

Insufficient Biopsy

3 (3%)

Glomerulonephritis Unclassified

3 (3%)

Glomerulosclerosis

3 (3%)

Paraprotein-related Nephropathy

2 (2%)

Fibrillary Glomerulonephritis.

2 (2%)

Post-Infectious Glomerulonephritis

2 (2%)

Anti-GBM Disease

2 (2%)

Chronic Kidney Disease Unclassified

2 (2%)

HIV Nephropathy

1 (1%)

Figure 1. Trend of total kidney biopsies and ANCA-associated vasculitis during the period 2005 to 2019 in Central
Queensland.
DOI: 10.4236/ojneph.2021.114040

481

Open Journal of Nephrology

M. Aljishi et al.

with incidence rate ratio (IRR) of 8.0, 95% CI 1.1 - 354, p = 0.039). IRR was 2.7
(p = 0.23) for IgA Nephropathy, 4 (p = 0.38) for lupus nephritis, 2.3 (p = 0.34)
for membranous nephropathy, and 1.5 (p = 0.05) for minimal change disease.
There were more smokers in the post-cyclone GD groups compared to precyclone group, and this is most pronounced in the AAV group (88% vs 0%) (Table
3). The relative severity of renal involvement in post-cyclone GD compared to
Table 3. Epidemiology and characteristics of glomerulonephritis cases before and after Cyclone Marcia. P-value was calculated
using Fisher’s exact test. Incidence was calculated based on Central Queensland population of 220,291 in 2016 [15].
ANCA Vasculitis

IgA Nephropathy

Membranous
Nephropathy

Lupus Nephritis

Minimal Change
Disease

PrePostP
PrePostP
PrePostP
PrePostP
PrePostP
cyclone cyclone value cyclone cyclone value cyclone cyclone value cyclone cyclone value cyclone cyclone value
Number
(Incidence rate per N = 1
million
(1.51)
person-years)

0.039
N = 8 (0.00
(12.07)
0.93)

N=3
(4.53)

0.23
N = 8 (0.06
(12.07)
1.56)

N=1
(1.51)

0.38
N = 4 (0.01
(6.04)
2.53)

N=3
(4.53)

0.34
N = 7 (0.07 N = 2
(10.56)
(3.02)
1.88)

N=3
(4.53)

Male/Female

0/1

5/3

2/1

5/3

0/1

2/2

3/0

6/1

2/0

2/1

Age (mean)

69

60.1

50

42.6

54

34.8

38.0

51.0

22

50.3

Summer

1

1

0

0

0

2

0

2

0

1

Autumn

0

3

0

2

1

1

2

1

1

1

Winter

0

2

1

2

0

0

1

2

0

0

Spring

0

2

2

4

0

1

0

2

1

1

Mean BMI
(kg/cm2)

22.4

25.7

24.1

35.2

32.3

33.2

30.2

27.8

26.3

31.5

Aboriginal or
Torres Strait
Islander

0

0

0

1

0

1

1

1

0

0

Ever smoked

0

7

3

4

0

1

2

6

1

2

Creatinine (mean
peak value)
(umol/L)

108

448

178

157

118

100

110

110

234

151

eGFR
(ml/min/1.73m2)

43

17

42

52

45

74

70

73

54

54

Urine PCR
(mg/mol)

261

207

672

730

792

211

230

805

540

1041

WCC (×109/L)

8.2

8.1

11.8

9.4

6.3

8.3

8.0

8.2

6.7

8.0

Immunosuppression
treatment

1

8

1

5

1

3

3

7

2

3

Dialysis
Dependence

0

3

1

1

0

0

0

0

0

0

Mortality

0

0

0

0

0

0

0

1

0

0

Charlson
Comorbidity Index

1.0

2.1

0.7

0.9

2

1

0

0.6

1

1.3

1
(0.06
5.82)

Season of diagnosis
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pre-cyclone was most marked in the AVV group, who had the highest incidence
of progression to end-stage kidney failure, despite all post-cyclone AAV cases receiving immunosuppressive therapy.
As AAV occurred more significantly after the cyclone, more analysis on the
post-cyclone AAV group was conducted of the 8 cases (Table 4). The median
age of AAV was 60 years with Caucasian (91%) and male predominance (63%).
MPO vasculitis was more common than PR3 vasculitis (4 vs. 1 case). Four patients had occupations involving mining. Two cases had extra-renal manifestations. Most AAV cases incidence occurred within the first year after the cyclone,
following which the incidence dropped close to pre-cyclone level. There was one
case that occurred in the study period before the cyclone, and after three years of
Table 4. Demographic and clinical characteristics of the 8 ANCA associated vasculitis
cases after the cyclone in Central Queensland Region.
Characteristic

Number

Median Age (Range)

60.1 years (40 - 73)

Sex

6 males, 2 females

Ethnicity

7 Caucasians
1 Middle Eastern

Time following the cyclone
First year

7

Second year

1

Third year

0

Creatinine (mean peak) (umol/L)

448

Subtype
pANCA/MPO

4

cANCA/PR3

1

Atypical ANCA

3

Organ involvement
Renal alone

6

Renal and sinus/respiratory

2

Occupation history
Mining

4

Farming

1

Others

3

Smoking

DOI: 10.4236/ojneph.2021.114040

Ex-Smoker

4

Active Smoker

1

Non-Smoker

6
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remission, it relapsed three months after the cyclone. It was counted only once
as a pre-cyclone case.

4. Discussion
After this study provided important epidemiological data on biopsy-proven
CKD and GD in the CQ region. It showed that biopsy practice in the region has
steadily increased over the years. GD comprised the dominant diagnosis on biopsies, as kidney biopsy is often the gold standard test to confirm these conditions. IgA Nephropathy was the most common biopsy-proven GD, and this is
consistent with the literature showing that it represents the most frequent form
of primary GD in Queensland and worldwide [16]. Its prevalence is likely even
higher than estimated because many patients with isolated haematuria are not
biopsied.
This study is the first to describe the relationship between severe cyclone and
GD incidence. Prior to the cyclone, AAV was uncommon in the CQ region. From
2007 to 2015 (pre-cyclone 8-year period), there were only 3 cases (1.6 cases per
million person-years). This was followed by an increase in incidence after the
cyclone (12.1 cases per million person-years). A similar change was not observed
in other GDs. This spike in AAV occurred predominantly within the first year
following the cyclone, lending further support to its potential link to the cyclone
event. Our findings suggested that post-cyclone AAV was relatively more severe
with worse kidney function and leading to end-stage kidney failure and dialysis
dependence. Therefore, this had a significant long-term impact on patient health
and the healthcare system.
Our study attempted to shed light on the pathogenesis of GD by demonstrating a possible link between a severe cyclone and increasing incidence of AAV immediately following the cyclone. Possible triggers include air-borne materials or
heavy metals, unearthed dwellings, water-borne pathogens or infectious agents.
Although the aetiologies of most GDs remain undefined, many are believed to be
initiated by environmental insults, including infectious processes that trigger
host responses in genetically susceptible individuals which lead to glomerulonephritis. This progression from host response to autoimmunity could be explained by
direct effects on podocytes and other glomerular components or indirect immune mechanisms, such as immune dysregulation, epitope spreading, molecular
mimicry and epitope conformational changes [17].
Other cyclone-related environmental changes include possible massive movement of dust and airborne heavy metals, some of which have been identified as
potential risk factors for CKD [18]. It is notable that CQ is characterised by a
large mining industry that can harbour these particles. One particular material
that has received concern is silica, which is linked to mining, construction and
stone cutting and refining. CQ is an area with a big mining industry that has had
big concerns and government warnings about workplace exposure to silica [19],
and a number of our subjects worked in the mining industry. Silica inhalation
DOI: 10.4236/ojneph.2021.114040
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has been associated with AAV [20] [21]. A study following the 2011 Tohoku
earthquake in Japan reported higher rates of diffuse alveolar haemorrhages and
ANCA positivity, with a significant increase in silica on bronchoscopy lung lavages, suggesting a role of silica in the pathogenesis of the disease [12]. The risk of
AAV following silica exposure seems to be increased even after adjusting for
other risk factors such as medications, infections and smoking [20] [21] [22]
[23]. However, the studies were unable to conclusively link the timing and degree of exposure to silica to the development of AAV. Silica exposure assessments were questionnaire-based, so any histopathological quantification between actual exposure and disease association was not possible. Furthermore,
there is a considerable variation in the latency period between exposure and development of the disease from up to a few months in acute exposure to decades
with chronic exposure [22]. Therefore, the involvement of silica in AAV aetiology remains speculative for now, with some of the examples above producing
conflicting and inconclusive insights.
Another aspect of the cyclone that our study did not examine is the public
health consequences which can lead to GDs. Incidence of gglomerular and infective conditions have been found to increase following a natural disaster [8]. It is
postulated that wet conditions, health infrastructure and population changes
that occur as a result of a cyclone may contribute to crowding, mass displacement, hygiene problems and increased environmental exposure due to damage
to dwellings [24].
Our findings of possible link between cyclone and AAV, along with the multiple studies [8] [9] [10] that showed relationship between earthquake and AAV,
add further evidence that there is a relationship between environmental factors
and the incidence of AAV in severe natural disasters. It is notable that the majority of AAV patients in Japan’s earthquakes had AAV related pulmonary involvement whereas only two out of eight patients in our cohort experienced lung
complication. MPO-AAV was more common than PR3-AAV in this study
which differed from the usual AAV distribution favouring PR3 in Caucasians.
The type of ANCA in severe disaster-related AAV patients in Japan was also
predominantly MPO-ANCA. Among individuals who have environmental exposure in mining and construction occupations, an increased frequency of
MPO-ANCA has been reported [25], and this study is consistent with it, suggesting a possible environmental trigger for ANCA antibody development.
The study has several strengths. It attempted to fill in a gap in a topic that is
sparsely studied. All the patient’s diagnoses were biopsy-proven rather than
presumptive. All ANCA testing was performed in laboratories with the same accreditation using combined immunofluorescence and enzyme-linked immunosorbent assay testing resulting in comparable biochemical results. Future efforts to reduce GD incidence should focus on understanding potential risk factors and mechanisms of GDs, thereby preventing its development and improving detection by increasing awareness and possibly screening populations at risk.
We hope the study will enhance efforts to better understand and prevent GDs.
DOI: 10.4236/ojneph.2021.114040
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Initiatives, such as GD registries and collaborative organizations help advance
research in this field and coordinate such efforts
The study has several limitations. It is a single centre study with a small population size and incidence counts. Furthermore, we did not have a method to
quantify silica exposure (e.g. bronchoscopy lavages) besides relying on patient
history and proximity to mining areas and the cyclone. Having said that, it is often difficult to quantify environmental exposures. Epidemiological data shows a
considerable variation in the latency period after natural disasters, and so the
long-term impact of cyclone exposure, if any, cannot be assessed. The observations were only suggestive of a link with cyclone and did not meet strict criteria
for causality.

5. Conclusion
In conclusion, this study provided important epidemiological data on biopsy-proven
kidney disease in CQ and suggested a possible effect of severe cyclone on the incidence and clinical phenotype of ANCA associated vasculitis. Studies with larger population and disease incidence and longer duration to examine cyclonerelated environmental effects on kidney health will help further evaluate this
theory and provide guidance for kidney health services to monitor for and prevent kidney diseases following natural disasters.
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