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Abstract

The objective of this study was to describe the occurrence of skin infection associated hospi-
talizations in children born in Western Australia (WA). We conducted a retrospective cohort
study of all children born in WA between 1996 and 2012 (n = 469,589). Of these, 31,348
(6.7%) were Aboriginal and 240,237 (51.2%) were boys. We report the annual age-specific
hospital admission rates by geographical location and diagnostic category. We applied log-
linear regression modelling to analyse changes in temporal trends of hospitalizations. Hospi-
talization rates for skin infections in Aboriginal children (31.7/1000 child-years; 95% confi-
dence interval [Cl] 31.0-32.4) were 15.0 times higher (95% Cl 14.5-15.5; P<0.001) than
those of non-Aboriginal children (2.1/1000 child-years; 95% CI 2.0-2.1). Most admissions in
Aboriginal children were due to abscess, cellulitis and scabies (84.3%), while impetigo and
pyoderma were the predominant causes in non-Aboriginal children (97.7%). Admissions
declined with age, with the highest rates for all skin infections observed in infants. Admis-
sions increased with remoteness. Multiple admissions were more common in Aboriginal
children. Excess admissions in Aboriginal children were observed during the wet season in
the Kimberley and during summer in metropolitan areas. Our study findings show that skin
infections are a significant cause of severe disease, requiring hospitalization in Western
Australian children, with Aboriginal children at a particularly high risk. Improved community-
level prevention of skin infections and the provision of effective primary care are crucial in
reducing the burden of skin infection associated hospitalizations. The contribution of socio-
demographic and environmental risk factors warrant further investigation.
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Introduction

Skin and soft tissue infections have an important public health impact globally [1-3]. Although
rarely fatal, skin conditions such as impetigo, scabies and fungal infections are among the
most prevalent diseases in the world and contribute substantially to the global burden of dis-
ease [1]. Over 162 million children living in low and low-middle income countries are affected
by impetigo at any one time (most frequently caused by Staphylococcus aureus or Streptococcus
pyogenes) [2], while the global prevalence of scabies (caused by the mite Sarcoptes scabiei) has
been estimated at 100 million cases, with the highest burden found in children living in tropi-
cal climates [4]. In Australia, high rates of skin infections have been documented in children of
Aboriginal and/or Torres Strait Islander descent (herein referred to as Aboriginal) living in
remote Indigenous communities [2,5], where prevalence rates as high as 50% for scabies and
90% for impetigo have been documented in some areas [2,6]. However, most published studies
are from remote, tropical communities of the Northern Territory (NT) [5]. The few studies
available for Western Australia (WA) are consistent with the NT findings [5,7,8]. Published
data on the burden of skin infections in children elsewhere in Australia are minimal, and hos-
pitalization data are limited [9-11]. Skin infections are generally considered a primary health
issue [2] and their potential impact on hospital admissions has not previously been docu-
mented comprehensively. We aimed to describe the hospital admission profile for skin infec-
tions in a cohort of children born in WA between 1996 and 2012.

Methods
Population and setting

WA extends over approximately 2.6 million square kilometers, spanning the entire western
third of Australia. In 2011, WA had a population of 2.4 million people, 3.7% of whom identify
as Indigenous, predominantly Aboriginal [12]. The state is divided into health administrative
regions, comprising Perth metropolitan (North and South), rural (Midwest-Murchison,
Wheatbelt, Great Southern, South West) and remote regions (Pilbara, Kimberley, Goldfields)
(Fig 1). Most Western Australians (73.5%) live in the Perth metropolitan area, with the
remainder living in regional and remote regions [13]. Relatively higher proportions of Aborig-
inal people reside in regional, remote and very remote regions (65.2%) in comparison to non-
Aboriginal people (28.7%) [14]. In 2012, children and young people aged 0-17 years com-
prised 22.9% of the state’s population, 73% of which were living in metropolitan areas, 17% in
regional areas and 10% in remote regions [15]. The climate in WA varies throughout the state:
a warm temperate climate in metropolitan Perth, the south-west and Great Southern areas;
dry climate in the Goldfields, Midwest-Murchison and Wheatbelt; and warm, humid condi-
tions in the sub-tropical and tropical northern regions of the Pilbara and the Kimberley [16].

Study design and data sources

We conducted a retrospective population-based cohort study of all live births in WA between
1996 and 2012, using de-identified probabilistically linked population-based data derived from
the WA Data Linkage System[17-19]. Data were extracted from Birth and Death registrations,
Midwives Notification System, and the Hospital Morbidity Data Collection (HMDC). The
HMDOC contains all inpatient separation in public and private hospitals in WA. All admission
records contain clinically coded principal and additional diagnoses and procedures. Skin
infection diagnosis codes were identified using the Australian version of the International
Classification of Diseases 9th revision, Clinical Modification (ICD-9-CM) and 10™ revision,
Australian Modification (ICD-10-AM). The diagnosis codes were selected and categorized
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Fig 1. Map of Western Australia. Shows metropolitan (black), rural (white) and remote (grey) areas.
https://doi.org/10.1371/journal.pone.0188803.9001

into scabies, impetigo and pyoderma, cellulitis, abscess, fungal infection, lice and other skin
infections [20] (S1 Table). Inter-hospital transfers were combined into a single hospital admis-
sion. Readmissions within 14 days of discharge were combined into one episode of infection.

Statistical analysis

Age specific skin infection admission rates per 1000 child-years and their 95% confidence
intervals (CI) were calculated. Child-years at risk for Aboriginal and non-Aboriginal children
in various age groups and geographical regions were calculated using dates of birth, dates of
death and the end of the study period (31 December 2012). Skin infection cases were defined
using the principal and additional diagnoses fields of hospital records, unless otherwise stated.
Admissions rates grouped by age groups were presented separately for Aboriginal and non-
Aboriginal children, by geographical location and socio-economic status. Aboriginal children
were identified using the ‘Getting Our Story Right’ flag (GOSR) [21]. GOSR is a validated flag
based on published algorithms to identify Aboriginal status across numerous administrative
datasets. This widely used algorithm is used to reduce missing data and to ensure consistent,
reliable recording of Aboriginal status [21]. The mother’s postcode at the time of her child’s
birth was used to define the geographical location and socio-economic status. We used the
Index of Relative Socio-economic Advantage and Disadvantage defined by the Australian
Bureau of Statistics to stratify the population into socio-economic quantiles ranging from
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most-disadvantaged to least-disadvantaged [22]. Median differences in admission age were
compared using the non-parametric equality of medians tests, and proportional difference in
length of stay was compared using the Mann-Whitney test. Year to year percentage changes in
admission rates from 1996 to 2012, were calculated using log-linear modelling with negative-
binomial regression. Deviation from uniform distribution of admissions across seasons was
analyzed by stratifying admissions by month, and testing for statistical significance using the
Chi-square test of seasonality. A P < 0.05 was considered significant. Seasonal differences in
principal skin infections admissions were investigated in the Kimberley and Perth metropoli-
tan areas due to their distinct seasonal patterns. Perth metropolitan is part of the Southern
hemisphere with seasons being: summer (December-February), autumn (March-May), win-
ter (June-August) and spring (September—November). In the Kimberley, the seasons are
bimodal, with a wet (November-April) and dry season (May-October). Data analysis was per-
formed using SPSS (version 23), EpiBasic (version 2) and STATA (version 13.1).

Ethical approval

This study was part of (i) a larger program of work to assess the pathogen-specific burden of
acute lower respiratory infections in children using skin infections as a non-vaccine prevent-
able infection control group in order to understand temporal trends in hospital admissions in
light of targeted vaccination programs; and (ii) a PhD project documenting the public health
significance of skin infections in remote WA. The study was approved by the Western Austra-
lian Department of Health Human Research Ethics Committee, the Western Australian
Aboriginal Health Ethics Committee and the University of Western Australia Human
Research Ethics Committee.

Results
Study population

Our birth cohort consisted of 469,589 children born between 1996 and 2012. Of these, 31,348
(6.7%) were Aboriginal and 240,237 (51.2%) were boys. Singleton births accounted for 97.0%
of the cohort and 2538 children (0.5%) were deceased by 2012. There were 15,377 hospital
admissions for skin infection in children aged <16 years, accounting for 2.8% of 541,297
hospital admissions between 1996-2012. Aboriginal children had a 15.0 (95% CI 14.5-15.5)
times higher admission rate for skin infection (31.7/1000 child-years) than non-Aboriginal
children (2.1/1000 child-years). The proportion of children hospitalized for skin infection was

Table 1. Admission rates for skin infection in Western Australian Aboriginal and non-Aboriginal chil-
dren, by socioeconomic status, 1996—2012.

Aboriginal Non-Aboriginal
IRSAD? Rate/1000 IRRP (95% Cl) Rate/1000 IRRP (95% Cl)
91-100% 14.9 Ref 1.5 Ref
76-90% 19.2 1.3(0.8-2.2) 1.7 1.1 (1.0-1.3)
26-75% 25.4 1.7 (1.0-2.8) 2.3 1.5(1.4-1.7)
11-25% 23.8 1.6 (1.0-2.6) 2.5 1.7 (1.5-1.9)
0-10% 34.7 2.3(1.4-3.8) 3.1 2.1(1.8-2.3)

a) Index of Relative Socioeconomic Advantage and Disadvantage; 90-100%, least disadvantaged; 0—10%,
most disadvantaged.

b) Rate of admission/1000 child-years.

Cl, Confidence interval.

https://doi.org/10.1371/journal.pone.0188803.t001
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significantly higher in Aboriginal children compared to non-Aboriginal children (14.8% vs.
1.5%; odds ratio [OR] 11.3; 95%CI 10.9-11.7). Multiple admissions per child for skin infection
were more common in Aboriginal children (OR 3.8; 95% CI: 3.4-4.1). Admissions across all
age groups were 1.1 (95% CI 1.1-1.2) times higher in males than females. The median age at
admission was younger in Aboriginal children (26.0 months (interquartile range [IQR]: 10.0-
64.0 months) vs. 35.0 months (IQR: 14.0-75.0 months)) in non-Aboriginal children. The
mean length of stay was longer for Aboriginal children compared to non-Aboriginal children
(7.3 days v 4.8 days; P <0.001). Children from most socio-economically disadvantaged areas
had higher admission rates compared to children from the least socio-economically disadvan-
taged areas (IRR 2.3; 95% CI 1.4-3.8 for Aboriginal children and IRR 2.1; 95% CI 1.8-2.3 for
non-Aboriginal children) (Table 1).

Principal diagnosis of skin infection

Admissions with a skin infection associated principal diagnosis accounted for 59.4% of the total
skin infection admissions. In Aboriginal children, abscess was the most common principal diag-
nosis (42.2%) followed by cellulitis (26.0%), scabies (15.8%), impetigo and pyoderma (14.3%),
fungal infection (1.1%) and head lice (0.7%). In non-Aboriginal children, cellulitis was the most
common principal diagnosis (52.8%), followed by abscess (33.3%), impetigo and pyoderma
(12.5%), scabies (0.8%), fungal infection (0.4%) and head lice (0.2%). In children aged <16
years the hospitalization rate of skin infection by principal diagnosis was 17.5/1000 (95% CI
17.0-18.0) in Aboriginal children and 1.4/1000 (95% CI 1.3-1.4) in non-Aboriginal children.
87.6% of admissions for any skin infection as principal diagnosis were emergency admissions.
Where skin infections were coded as an additional diagnosis, the principal reason for hospital
admission was most commonly due to respiratory and gastrointestinal infections (27.3%).

Temporal trends

Hospital admissions for skin infections were significantly higher in infants aged <1 year
throughout the study period, with the rate 22.5 times higher in Aboriginal infants (78.9/1000;
95% CI 75.8-82.1) than non-Aboriginal infants (3.5/1000; 95% CI 3.4-3.7; Table 2). Among
Aboriginal infants, hospital admission rates were highest in those aged 6-11 months (83.8/
1000; 95% CI 78.8-88.9) whereas for non-Aboriginal infants the rates were highest among
those aged <1 month (10.9/1000; 95% CI 9.9-12.1) (Fig 2A & 2C). The rate in Aboriginal
infants significantly declined by 6.2%/year over the study period in those aged 1-5 months
and by 6.2%/year in those aged 6-11 months (both P <0.001; Fig 2C). The declines were pre-
dominately observed in admissions for cellulitis (4.9%/year; P <0.004), and scabies (8.9%/
year; both P <0.001). The highest disparity in admission rates between Aboriginal and non-
Aboriginal was in scabies admissions among infants (IRR 417.0; 95% CI 308.8-576.7). Celluli-
tis and abscess accounted for the lowest disparity between Aboriginal and non-Aboriginal.

Geographical and seasonal variations in admissions

The highest rates of admissions for all skin infections in Aboriginal children aged <16 years
were observed in the remote regions (Pilbara (46.9/1000; 95% CI 44.2-49.7), Kimberley
(45.3/1000; 95% CI 43.6-47.0), and Goldfields (42.1/1000; 95% CI 39.1-44.9). This finding was
consistent for every type of skin infection. In rural regions, the rate in Aboriginal children
aged <16 years was highest in the Midwest-Murchison area (31.1/1000; 95% CI 29.2-33.2)
(Table 3). The highest disparities in admissions between Aboriginal and non-Aboriginal chil-
dren were observed in infants aged <1 years in remote regions (Table 4). Whilst hospitaliza-
tion rates remained high, there was a declining trend over time across all geographical areas.
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Table 2. Age-specific hospitalisations in Western Australian Aboriginal and non-Aboriginal children discharged with a principal and/or additional
diagnosis of skin infections, 1996-2012.

Skin condition* Age Aboriginal Non-Aboriginal IRR® 95% CI
No. Rate® No. Rate®
Cellulitis <1year 396 13.1 583 1.4 9.5 (8.4-10.8)
1—4 years 992 9.8 2045 1.5 6.7 (6.2-7.2)
5-9 years 513 6.3 978 0.9 7.2 (6.5-8.0)
10—-15 years 220 5.5 492 0.9 6.5 (5.5-7.6)
Abscess <1 year 285 9.6 378 0.9 10.7 (9.0-12.4)
1-4 years 1052 10.4 770 0.7 18.9 (17.2—20.7)
5-9years 760 9.3 433 0.4 23.9 (21.3-27.0)
10-15 years 268 6.7 308 0.6 12.3 (10.4-14.6)
Impetigo & Pyoderma <1 year 707 23.8 398 0.9 24.9 (22.0-28.2)
1-4 years 887 8.8 556 0.4 22.0 (19.8-24.5)
5-9years 231 2.8 193 0.2 16.3 (13.4-19.9)
10-15years 74 1.9 71 0.1 14.8 (10.5-20.7)
Scabies <1year 1309 43.6 44 0.1 417.0 (308.8-576.7.6)
1-4 years 735 7.3 43 0.0 235.9 (173.4-328.83)
5-9 years 160 2.0 12 0.0 181.9 (101.3-359.4)
10—-15 years 50 1.3 <5 0.0 176.8 (64.9-674.3)
Head Lice <1 year 72 2.4 8 0.0 126.1 (60.7-303.3)
1—4 years 388 3.9 128 0.1 41.8 (34.8-51.5)
5-9years 283 3.5 98 0.1 39.4 (31.2-50.1)
10-15 years 81 2.0 38 0.1 30.2 (20.3-45.6)
Fungal infections <1 year 259 8.6 154 0.4 23.6 (19.2—29.0)
14 years 257 2.6 124 0.1 28.6 (23.0-35.7)
5-9years 79 1.0 35 0.0 30.8 (20.4-47.2)
10-15 years 18 0.5 23 0.0 11.1 (5.6-21.4)
All Skin Infections <1 year 2371 78.9 1493 3.5 22.3 (20.9-23.8)
1—4 years 3425 34.1 3437 2.5 13.8 (13.1-14.4)
5-9 years 1625 19.8 1612 1.4 13.8 (12.8-14.7)
10—-15 years 578 14.5 836 1.5 9.8 (8.8-10.9)

a) Rate of admission per 1000 child-years.

b) IRR = Relative rate of Aboriginal to non-Aboriginal admission rate.

Cl, confidence interval.

*Note the sum of the individual diagnostic categories doesn’t add up to the total skin infections, as some patients present with multiple skin infections.

https://doi.org/10.1371/journal.pone.0188803.t002

The overall hospitalization rate in Aboriginal infants aged <1 year declined significantly by
7.5%/year in the metropolitan region, 5.3%/year in rural and 5.3%/year in remote regions (all
P <0.001) over the study period.

Excess hospitalizations in the number of principal hospital admissions for skin infection
were observed among Aboriginal children during the wet season in the Kimberley region
(P <0.001) and during summer in the Perth metropolitan areas (P = 0.04). These increases
were predominately due to scabies, abscess and cellulitis in children aged 1-4 years.

Discussion

This is the first in-depth analysis of linked hospitalization data to describe the burden and epi-
demiology of skin infections for a birth cohort of an entire state of Australia. Our study is
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Fig 2. Skin infection hospital admission rates in children in Western Australia, 1996—2012. Shows rates in non-Aboriginal (A & B) and
Aboriginal (C & D) children. The calculated admissions included all hospital discharge records with evidence of scabies, impetigo and
pyoderma, cellulitis, abscess, fungal infections, head lice and other skin infections. Note the differences in scale. In children aged 1—4 years,
the admission rate of skin infection was 34.1/1000 in Aboriginal children and 2.5/1000 in non-Aboriginal children (Table 2). In Aboriginal
children of this age group, significant declines were mainly seen in admissions for scabies (4.2%), impetigo and pyoderma (2.7%), and
cellulitis (5.0%). Conversely, abscess increased by 2.1% in Aboriginal children (P = 0.03). In children aged 5-9 years and 10-15 years, the
highest rates of admissions were for abscess, while the highest disparity in admissions between Aboriginal and non-Aboriginal was due to
scabies. There were no significant changes in admission rates during the follow-up period in both these age groups.

https://doi.org/10.1371/journal.pone.0188803.9002

based on 17 years of hospitalization data, incorporating > 6 million child years at risk. We
report three key findings: (i) Aboriginal children were 15 times (22.5 times for infants) more
likely to be hospitalized with a skin infection than non-Aboriginal children; (ii) the highest
admission rates for skin infections were in infants aged <1 year (8 out of every 100 Aboriginal
children were hospitalized with a skin infection in the first year of life); (iii) skin infections are
not just a primary care issue, but also represent a substantial burden on the hospital system (3
out of every 100 child hospital admissions). Improving primary care of skin infections is likely
to reduce this hospitalization burden and improve health and wellbeing outcomes for Aborigi-
nal children.

We confirmed a very high burden of hospital admissions due to skin infections in infants
aged <1 year in both Aboriginal and non-Aboriginal children. Admission rates for this age
group were 2.3 and 1.4 times higher for Aboriginal and non-Aboriginal children respectively
when compared to the age group with the second highest skin infection hospitalization rate (1
to 4 year olds). Although previously published hospital admission data have documented a
similar trend in certain settings and for specific skin conditions [9,10,23], to our knowledge
this is the first birth cohort study to highlight the steep burden of skin infections leading to
hospitalization in infants. Other studies of skin infection related hospitalizations in children
from Turkey [24], New Zealand [25-28] and the USA [29] used wider ranges for their youn-
gest age groups. Our data are consistent with previous observations from remote Australian
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Table 3. Number and rate of hospital admissions for skin infections® in WA-born Aboriginal and non-Aboriginal children aged <16 years, by

region, 1996—2012.

Aboriginal Non-Aboriginal
n Rate/1000° | (95% Cl) n Rate/1000° | (95%Cl)
Metropolitan Areas
<1 years 507 46.6 (42.7-50.9) 1176 3.6 (3.4-3.8)
1-4 years 779 21.6 (20.1-23.2) 2697 25 (2.4-2.6)
5-9 years 408 141 (12.8-15.6) 1225 1.4 (1.4-1.5)
10-15 years 170 12.1 (10.4-14.1) 624 1.5 (1.4-1.6)
<16 years 1864 20.8 (19.8-21.7) 5722 2.2 (2.1-2.2)
Kimberley
<1 years 797 113.3 (105.6-121.4) 13 3.3 (1.8-5.6)
1-4 years 1189 49.5 (46.8-52.4) 41 3.1 (2.2-4.2)
5-9years 587 28.9 (26.6-31.3) 27 2.5 (1.6-3.6)
10-15 years 208 20.8 (18.1-23.8) 9 1.7 (0.8-3.2)
<16 years 2781 45.3 (43.6-47.0) 90 2.7 (2.1-3.3)
Pilbara
<1 years 373 129.8 (116.9-143.6) 39 4.2 (3.0-5.7)
1-4 years 508 53.7 (49.1-58.6) 88 2.8 (2.3-3.5)
5-9 years 184 23.2 (20.0-26.8) 35 1.3 (0.9-1.9)
10-15 years 71 17.9 (14.0-22.6) 17 1.2 (0.7-1.9)
<16 years 1136 46.9 (44.2-49.7) 179 2.2 (1.9-2.6)
Midwest-Murchison
<1 years 273 73.6 (65.1-82.7) 44 3.5 (2.6-4.7)
1-4 years 422 33.7 (30.6-37.1) 107 25 (2.1-3.0)
5-9 years 209 21.1 (18.4-24.2) 63 1.7 (1.3-2.2)
10-15 years 59 12.3 (9.4-15.9) 41 2.0 (1.5-2.8)
<16 years 963 31.1 (29.2-33.2) 255 2.3 (2.0-2.6)
South West
<1 years 25 21.9 (14.6-32.3) 85 2.9 (2.4-3.6)
1-4 years 42 11.1 (8.0-15.0) 204 2.1 (1.9-2.5)
5-9 years 22 7.1 (4.4-10.7) 97 1.3 (1.0-1.5)
10-15 years 11 71 (3.5-12.7) 45 1.2 (0.9-1.6)
<16 years 100 10.4 (8.5-12.7) 431 1.8 (1.6-2.0)
Goldfields
<1 years 299 131.8 (117.3-147.6) 54 3.9 (2.9-5.1)
1-4 years 344 44.5 (39.9-49.5) 134 2.8 (2.4-3.3)
5-9years 139 21.8 (18.3-25.7) 54 1.3 (1.0-1.7)
10-15 years 38 12.2 (8.6-16.8) 32 1.4 (1.0-2.0)
<16 years 820 42.1 (39.2-45.1) 270 2.8 (1.9-2.5)
Great Southern
<1 years 37 419 | (29.5-57.7) 30 26 | (1.8-3.8)
Aboriginal Non-Aboriginal
n Rate/1000° (95% ClI) n Rate/1000° (95% ClI)
1-4 years 45 15.1 (11.0-20.2) 62 1.6 (1.3-2.1)
5-9years 32 12.9 (8.8-18.2) 41 1.3 (0.9-1.7)
10-15 years 13 11.0 (5.9-18.8) 19 1.1 (0.6-1.6)
<16 years 127 16.9 (14.1-20.1) 152 1.5 (1.3-1.8)
Wheatbelt
(Continued)
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Table 3. (Continued)

<1 years
1-4 years
5-9years
10-15years
<16 years

53
76
37

173

36.9
15.9
9.7
3.9
14.6

(27.7-48.3)
(12.5-19.9)
(6.8-13.4)
(1.6-8.0)

(12.5-17.0)

a) Any mention of skin infection in the principal and additional diagnoses fields.
b) Rate of hospitalisations per 1000 child-years, WA, Western Australia

https://doi.org/10.1371/journal.pone.0188803.t003

51
101
65
49
266 1.9

3.3
6.1
1.2
1.0

(2.4-4.3
(1.4-2.2
(1.1-1.8
(1.4-25
(1.6-2.1

- = = ==

Table 4. Hospital admissions for skin infections* in Aboriginal and non-Aboriginal children born in WA between 1996-2012, by age and WA
region of residence.

Age Group Non-Aboriginal (438, 241) Aboriginal (31,348)

No. Rate?® Regional IRR® | No. Rate? Regional IRR? (95% Cl)  |IRR® (95% Cl)

(95% Cl)

<1 month
Metropolitan 316 11.4 1 17 18.6 1 1.6 (1.0-2.7)
Rural 51 8.8 0.8 (0.6-1.0) 8 13.3 0.7 (0.3-1.7) 1.5 (0.7-3.2)
Remote 24 10.4 0.9 (0.6-1.4) 38 37.3 2.0(1.1-3.6) 3.6 (2.1-6.0)
1-5 months
Metropolitan 404 2.9 1 247 54.1 1 18.5 (15.8-21.6)
Rural 79 2.7 0.9 (0.7-1.2) 177 58.8 1.1 (0.9-1.3) 21.5 (16.5-28.1)
Remote 36 3.1 1.1 (0.8-1.5) 641 125.8 2.3(2.0-2.7) 40.2 (28.7-56.3)
6-11 months
Metropolitan 456 2.9 1 243 46.2 1 16.1 (13.8-18.8)
Rural 80 2.4 0.8 (0.7-1.1) 203 58.3 1.3(1.1-1.5) 24.5 (18.9-31.7)
Remote 46 3.4 1.2 (0.9-1.6) 790 133.6 2.9 (2.5-3.3) 38.8 (28.8-52.2)
1-4 years
Metropolitan 2697 2.5 1 779 22.1 1 8.6 (7.9-9.3)
Rural 474 2.1 0.8 (0.7-0.9) 585 24.7 1.1(1.0-1.3) 12.0 (10.6-13.6)
Remote 263 2.9 1.1(1.0-1.3) 2041 50.5 2.3(2.1-2.5) 17.6 (15.5-20.1)
5-9 years
Metropolitan 1225 1.5 1 408 14.4 1 9.9 (8.8-11.1)
Rural 266 1.4 0.9 (0.8-1.1) 300 15.8 1.1(1.0-1.3) 11.4 (9.7-13.5)
Remote 116 1.5 1.02 (0.9-1.2) 910 26.9 1.9(1.7-2.1) 18.1 (14.9-22.0)
10-15 years
Metropolitan 624 1.5 1 170 12.4 1 8.4 (7.3-10.2)
Rural 154 1.5 1.0(0.9-1.2) 90 9.8 0.8 (0.6-1.0) 6.4 (5.0-8.4)
Remote 58 1.4 0.9 (0.7-1.2) 317 19.1 1.5(1.3-1.9) 10.5 (10.5-18.3)
a) Rate of admission/1000 child-years.
b) Regional IRR = relative rate of rural/remote to metropolitan admission rate.
c) IRR = relative rate of Aboriginal to non-Aboriginal admission rate.
* Any mention of skin infection in the principal and additional diagnoses fields.
Cl, Confidence interval.
WA, Western Australia.
44 records with missing remoteness information were excluded.
https://doi.org/10.1371/journal.pone.0188803.t004
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Aboriginal communities that showed high rates of primary care presentations for skin infec-
tions in infants, particularly in the first few months of life [30-32]. We confirm this with high
hospitalization rates for skin infections throughout the first year of life, particularly beyond the
neonatal period. It is possible that this high incidence of skin infection associated hospitaliza-
tions is driven by scabies infestations in neonates, making them susceptible to secondary bac-
terial skin infections in infancy [33].

We show that hospitalization rates in Aboriginal infants (aged 1 to 12 months) have been
steadily declining, as the gap with the lower rates observed in Aboriginal neonates in the first
month of life -although still considerable- has narrowed. This decline was also observed in the
1-to-4 year age group of Aboriginal children and may be consistent with improvements in pri-
mary health care access and delivery, a different threshold for hospitalization, or overall
improving trends in the burden of infectious diseases in infancy. We now plan to investigate
the temporal trends in hospitalization rates for other infections, namely acute lower respira-
tory infections, which can be compared with these trends presented here. Interestingly, and
counter to our observations in Aboriginal children, skin-related hospital admissions for non-
Aboriginal children peaked during the first 30 days of life. Furthermore, our data shows an
upward trend in skin infections in this particular group of neonates. These observations are
possibly consistent with increasing admissions for ompbhalitis, staphylococcal scalded skin and
periungual cellulitis in the early post-natal period in non-Aboriginal children [34,35].

Aboriginal children are more likely to be admitted to hospital for skin infection, stay longer
and have more episodes of abscess. This is consistent with community prevalence studies that
confirm a high, sustained burden of skin infections in Australian Aboriginal children [2,5].
Hospital admission data only captures a segment of health service utilization associated with
skin infections. A study set in a disadvantaged region of New Zealand estimated that for every
one skin infection related hospitalization there were 14 primary care cases [36], further illus-
trating that skin infections are predominantly a primary care issue. In Australia, other datasets
confirm a high burden of skin infections at the primary care level for Aboriginal Australians
(6.6 out of every 100 general practitioner consultations, compared to 2.1 for non-Aboriginal
Australians) [37]. Furthermore, as confirmed in our analysis, the burden of skin infections in
children is highest in remote Aboriginal communities [2,8,30-32]. This is illustrative of the
overall burden of infectious diseases in remote Aboriginal communities, which has been asso-
ciated with a wide range of health service, sociocultural and environmental factors, including
high primary care staff turnover rates, socioeconomic disadvantage and poor housing condi-
tions [5].

We observed seasonal trends in skin infection hospitalization rates among Aboriginal chil-
dren living in the Kimberley (tropical and sub-tropical climate) and the Perth metropolitan
area (temperate climate). Seasonality trends in consultation and hospitalization rates for bacte-
rial skin infections have previously been observed in temperate and tropical areas, with peak
incidences often occurring in summer and autumn [25,38-40]. Factors related to pathogen
survival, vector abundance, host behavior and immune function might underpin such seasonal
variation [41]. Our data also show that skin infection associated hospitalization rates for
Aboriginal children living in the Kimberley are at their highest during the tropical, high
humidity months of the year. It is possible that these conditions may promote microbial
growth on the skin [42-45], increase the risk of infection-prone insect bites [46-50] and con-
tribute to the survival and transmission of scabies mites [51-54].

This vast dataset constitutes 17 years of hospitalization data for almost 500,000 children.
We have found important socio-demographic trends, with infants and Aboriginal children at
a much higher risk of developing skin infections requiring tertiary care. The limitation of ana-
lyzing a hospitalization dataset is that it only captures the severe end of the disease burden,
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since skin infections remain a primary care issue first and foremost [2,36]. Despite the high
reported burden, lack of clinical documentation about skin infections in the hospital record
may underestimate the true burden of skin infections [55]. This suggests that skin infections
are underdiagnosed in hospital settings, presumably due to under-recognition or normaliza-
tion associated with the high ongoing burden of skin infections.

Our data demonstrate that in Australia, Aboriginal children living in rural and remote
areas are at a disproportionately high risk of being hospitalized for skin infections. These find-
ings are in line with previous studies that have documented an extremely high prevalence of
skin disease in children living in these settings [2]. The impact of skin infections in remote
communities extends well beyond the need for acute care, as its ubiquity affects childhood
development [56], poses a risk for developing other acute and chronic health conditions [45]
and incurs a significant cost to the public health system when hospitalization is required [10].
Reducing the need for hospitalization as the end-point in care through improved community-
level prevention of skin infections and the provision of effective primary care are crucial.

Supporting information

S§1 Table. ICD-9-CM and ICD-10-AM diagnosis codes used to identify hospital admission
for skin infections.
(DOCX)
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