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post-injury admissions for infectious
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Abstract

Background: Injury triggers a range of systemic effects including inflammation and immune responses. This study
aimed to compare infectious disease admissions after burn and other types of injury using linked hospital
admissions data.

Methods: A retrospective longitudinal study using linked health data of all patients admitted with burns in Western
Australia (n = 30,997), 1980–2012, and age and gender frequency matched cohorts of people with non-burn trauma
(n = 28,647) and no injury admissions (n = 123,399). Analyses included direct standardisation, negative binomial
regression and Cox proportional hazards regression.

Results: Annual age-standardised infectious disease admission rates were highest for the burn cohort, followed by
the non-burn trauma and uninjured cohorts. Age-standardised admission rates by decade showed different patterns
across major categories of infectious diseases, with the lower respiratory and skin and soft tissue infections the most
common for those with burns and other open trauma. Compared with the uninjured, those with burns had twice the
admission rate for infectious disease after discharge (incident rate ratio (IRR), 95% confidence interval (CI): 2.04,
1.98–2.11) while non-burn trauma experienced 1.74 times higher rates (95%CI: 1.68–1.81). The burn cohort
experienced 10% higher rates of first-time admissions after discharge when compared with the non-burn trauma
(hazard ratio (HR), 95%CI: 1.10, 1.05–1.15). Compared with the uninjured cohort, incident admissions were highest
during the first 30 days after discharge for burns (HR, 95%CI: 5.18, 4.15–6.48) and non-burn trauma (HR, 95%CI: 5.06,
4.03–6.34). While incident rates remained high over the study period, the magnitude decreased with increasing time
from discharge: burn vs uninjured: HR, 95%CI: 30 days to 1 year: 1.69, 1.53–1.87; 1 to 10 years: 1.40, 1.33–1.47; 10 years to
end of study period: 1.16, 1.08–1.24; non-burn trauma vs uninjured: HR, 95%CI: 30 days to 1 year: 1.71, 1.55–1.90; 1 to
10 years: 1.30, 1.24–1.37; 10 years to end of study period: 1.09, 1.03–1.17).

Conclusions: Burns and non-burn trauma patients had higher admission rates for infectious diseases compared with
age and gender matched uninjured people. The pattern of annual admission rates for major categories of infectious
diseases varied across injury groups. Overall, the burn cohort experienced the highest rates for digestive, lower
respiratory and skin and soft tissue infections. These results suggest long-term vulnerability to infectious disease
after injury, possibly related to long-term immune dysfunction.
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Background
Traumatic injury continues to be an important cause
of morbidity and mortality in both developing and
developed nations [1, 2]. Injuries trigger a range of
systemic responses, including inflammatory, immune
and neuroendocrine responses, which can persist for
a long period after the initial injury [3–5]. As part of
these host responses, the immune system homeostasis
is disturbed and predisposes patients to infections
and inflammatory complications during the acute
phase of the injury [6, 7]. The induced changes in the
immune system can be classified as pro-inflammatory,
primarily driven by the innate immune system, and
counter-inflammatory, regulated by the adaptive immune
system [8]. Clinically, these responses are referred to
as systemic inflammatory response syndrome (SIRS),
compensatory anti-inflammatory response syndrome
(CARS) and mixed effects anti-inflammatory response
syndrome [9].
While a growing body of work indicates that serious

injury suppresses immune function [8, 10–12] recent
animal-based research found long-term immune dys-
function after non-severe burn injury [13]. These re-
sults were supported by our previous study, which
found increased infectious disease morbidity among
burn patients after both minor and severe burns, for
a prolonged period after discharge, when compared
with an age gender matched cohort of uninjured
people [14]. In this study, burn patients were found
to have significantly elevated rates of first-time infec-
tious disease admissions after discharge with rates
reducing in magnitude from five times higher during
the first 30 days post-discharge, 1.7 times higher for
the remainder of the first year and 1.4 times higher
for the following 9 years. Respiratory, skin and soft
tissue and gastrointestinal infections were the most
commonly observed primary reason for a post-injury
infectious disease hospital admission in this burn co-
hort [14].
Evidence that sepsis and different types of traumatic

injury can initiate different systemic responses [15–17]
is growing; however, limited information exists on per-
sistence of these responses after different types of injury
and health effects among injury survivors. The objective
of this study was to build on previous research and
examine potential differences in temporal patterns and
risk of post-injury infectious disease hospital admissions
associated with different types of injury. We undertook a
population-based retrospective cohort study using linked
health administrative data to compare post-injury infec-
tious disease admissions, firstly, of patients with burns
and non-burn trauma compared with uninjured people,
respectively, and secondly, by comparing burn and
non-burn trauma patients.

Methods
This study is part of the Western Australian
Population-based Burn Injury Project (WAPBIP) and
is approved by the ethics committees of the Western
Australian Department of Health (DOHWA) and the
University of Western Australia. Linked de-identified
hospital and death data were extracted and supplied
to researchers by the DOHWA Data Linkage Branch
[18]. Methods have been published previously [19].
This study used linked hospital admissions (Hospital

Morbidity Data System) and death data of all patients
hospitalised for a first burn in Western Australia during
1980–2012 and two comparison cohorts (non-burn
trauma patients ~ 1:1; non-injured people ~ 4:1) that
were age and gender frequency matched to the burn
case for each year of the study and from the same
geographic statistical local area. The non-burn trauma
cohort was randomly selected by DOHWA Data Linkage
Branch and excluded those admitted for burns, effects of
foreign bodies entering through orifices, injuries to
nerves and spinal cord, poisoning, toxic effects of
non-medical substances (e.g. alcohol) and complications
of surgical and medical care. The non-injured cohort
was randomly selected from the general population
(birth registration or electoral roll) and included those
who did not have an injury admission during the study
period.
International Classification of Diseases (ICD) codes

were used to classify type of injury (burn, non-burn
trauma). Total burns surface area percent (TBSA %) was
classified as minor (TBSA< 20%), severe (TBSA ≥ 20%)
or unspecified TBSA. The International Classification
for Injury Severity Score (ICISS) [20] was used to es-
timate injury severity and was derived using survival
risk ratios (SRR) (probability of a patient surviving
each single injury). For multiple injuries, ICISS was
equal to the product of the SRRs assigned to each in-
jury. The injury severity score was classified as fol-
lows: minor ICISS ≥ 0.99, moderate ICISS > 0.941 and
< 0.99, and severe ICISS ≤ 0.941 [21, 22]. Baseline co-
morbidity, based on the Charlson comorbidity index
(CCI) [23] with a 5-year look-back (0 CCI = 0; 1 CCI
> 0) [24], was generated using hospital data. Quintiles
of social disadvantage (Socio-Economic Indices for
Areas (SEIFA) [25]) and geographic remoteness and
access to services (Accessibility Remoteness Index of
Australia (ARIA+) [26]), derived from Australian cen-
sus data, were assigned to each member of the three
cohorts.
An infectious disease admission was defined using the

ICD code set of major infectious diseases developed by
Baker et al. [27] that extended a set of ICD coding cre-
ated by the US Centers for Disease Control and Preven-
tion [28, 29].
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Chi-square tests were used in univariate analyses, and
5% level of significance was applied. The total number of
person-years (PY) of follow-up or risk time was esti-
mated from the final discharge date for the first injury
admission and the discharge date for the index burn case
was used for the corresponding frequency matched
non-injured cohort. The number of annual admissions
(total) and summed length of hospital stay (LOS) for in-
fectious diseases during the study were used as outcome
measures.
Direct standardisation was used to assess age-adjusted

trends in rates of hospitalizations for infectious diseases
(total) for the burn, non-burn trauma and uninjured co-
horts using the age structure of the Australian popula-
tion at the 2001 national census [30].
Negative binomial regression modelling was used to

compare the number of admissions (combined incident
and repeat admissions) and LOS for infectious disease:
burn vs non-burn trauma vs non-injured. Covariates
were included in all models: socio-demographic (gender,
indigenous status, 5-year age group, social disadvantage,
remoteness of residence), health factors (pre-existing co-
morbidity, prior infectious disease admission) and year
of study entry (to allow adjustment for time-related
treatment and referral patterns).
To ensure validity of our findings, additional analyses

comparing infectious disease admissions rates were per-
formed using propensity score matching along with gen-
eralised estimating equations (GEE). Two propensity
score analyses were carried out, comparing infectious
disease admission rates between the burn vs uninjured
cohorts, and non-burn trauma vs uninjured cohorts. All
cases were included within the propensity analysis. Co-
variate inclusion in the propensity score analyses were
chosen based on published methods [31], with potential
covariates only included where propensity scores were
balanced between blocks, and covariates were balanced
across treatment and comparison groups within blocks.
Previous infectious disease hospitalisation (prior 5 years),
age category and socioeconomic status quintile were
included in the models. A logit model was used to
calculate propensity scores, with simple nearest neigh-
bour matching conducted with one neighbour. The
average treatment effect on the treated (ATET) was used
as the outcome measure. GEE using negative binomial
regression models were also carried out comparing the
number of infectious disease admissions in 5 years be-
fore index burn/non-burn trauma injury to the number
of infectious disease admissions in 5 years after burn/in-
jury in these two cohorts, respectively.
Standard negative binomial regression analyses were

conducted for subcohorts defined by age at study start
(< 18, 18–59, ≥ 60 years), gender, injury severity (TBSA;
ICISS) and type (closed fractures, open wounds), decade

of study entry (1980–1989; 1990–1999; 2000–2012) with
adjustment for follow-up time and prior infectious
disease admission status (yes/no) using a 5-year
look-back period.
Cox proportional hazards regression was used to com-

pare the effects of burns vs. non-burn trauma on
first-time (incident) admissions as well as non-burn
trauma vs. non-injured. Covariates included in models as
listed above. The proportional hazards assumption was
tested [32, 33], and adjusted analyses were conducted
using cohorts that excluded any person (in each cohort)
with a prior admission for infectious disease, and any per-
son (burn, non-burn trauma) with an additional injury ad-
mission (other than index) to reduce possibility of
additional injury-induced systemic effects [13].
Attributable risk percentage (AR%) [34] was generated

from the adjusted hazard ratio and used to estimate the
proportions of first-time post-injury admissions where
burn and non-burn trauma were component causes. Ana-
lyses were performed using Stata version 12 (StataCorp.
LP, College Station, USA).

Results
Cohort characteristics
There were 30,997 individuals hospitalised with a first
burn injury between January 1980 and June 2012. Males
accounted for over two thirds of first burn hospitalisa-
tions (68%). The median age at time of burn was 23 years
old (interquartile range (IQR), 7–39 years).
Burn injuries ranged in thickness and severity. Full

thickness burns were found in 9% of the cohort (n =
1108), with 44% having partial thickness burns (n = 5321),
15% with erythema (first degree) burns (n = 1757) and
34% with unspecified burn thickness (n = 4143; multiple
burn depths could be recorded for a single individual).
Those with severe burns (more than 20% TBSA) made up
2.9% of the cohort (n = 911), with 47.9% (n = 14,854) with
non-severe burns (< 20% TBSA). The remaining
49.1% (n = 15,232) had an unspecified TBSA. The
majority of those with no specified TBSA had a burn
admission earlier in the study period. Those with an
unspecified TBSA had a median LOS of 3 days (IQR
1–10 days); this was similar to those with < 20%
TBSA burns (median LOS (IQR): 4 days (1–10 days),
while those with severe burns generally spent longer
in hospital (median LOS (IQR): 25 days (12–48 days)).
These results suggested those with an unspecified
TBSA generally had less severe burns. A small num-
ber of individuals died from their burn injury (0.9%,
n = 283) during the index admission; a further 11.6%
(n = 3587) died before the end of the study period.
The anatomical location of the burn injury included

the head and neck (21%), the trunk (23%), the upper
limbs and hands (42%), the lower limbs and feet (34%),
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the eyes (7%), the respiratory tract and other internal
organs (2%), while for 3% the site was unspecified (an in-
dividual could have multiple burn locations coded).
The non-burn trauma cohort contained 28,647 indi-

viduals with a hospitalisation for a (non-burn) injury.
The most common type of ICD classified injury was
fractures (35%, n = 9944), followed by open wounds
(22%, n = 6359), contusions and superficial wounds
(11%, n = 3029), dislocations and sprains (6%, n = 1560),
internal organ injuries (4%, n = 1062) and amputations
(2%, n = 568), with other or unspecified injuries account-
ing for the remaining 20% (n = 5715). A small number
(0.6%, n = 165) died from their injury during the index
admission; 9.4% (n = 2679) died after discharge and
before the end of the study period.
The final uninjured cohort consisted of 123,399 indi-

viduals with no record of an injury hospitalisation within
the study period. By the end of the study period, 6.9%
(n = 8566) of this uninjured cohort had died.
Socioeconomic and health status characteristics for

the three cohorts are found in Table 1. The burn cohort

had a higher proportion of indigenous Australians,
higher proportions of those with lower socioeconomic
status, those that lived in more regional and remote
areas and those with pre-existing comorbidity. The
non-burn trauma cohort and the uninjured cohort had
the same proportion of males (68%) as the burn cohort,
and the same median age of 23 years.
The median length of follow-up after burn injury was

15.6 years (IQR 7.2–24.3 years), 16.6 years (IQR 8.5–
24.9 years) for the non-burn trauma cohort and
16.1 years (IQR 8.1–24.6 years) in the non-injured co-
hort. In total, there were 485,258 years of follow-up in
the burn cohort, 472,072 years of follow-up for the in-
jured cohort, and 2,008,855 years of follow-up for the
non-injured cohort.

Admission rates and summed length of stay
A total of 25,463 infectious disease hospital admissions
(primary diagnosis) occurring after burn discharge were
identified for the burn cohort, with 16,831 infectious
disease admissions in the injured cohort and 31,994 in

Table 1 Baseline demographic and pre-existing health status factors for those with a first-burn injury hospitalisation, and age and
gender frequency matched non-burn trauma cohort and non-injured cohort, Western Australia, 1980–2012

Characteristics No injury N (%) Non-burn trauma N (%) Burn injury N (%) p value

Total 123,399 28,647 30,997

Demographic

Aboriginality

Yes 2993 (2.4) 2628 (9.2) 4481 (14.5) < 0.001

Social disadvantage quintilesa

Quintile 1 (most disadvantaged) 14,597 (12.0) 4854 (17.3) 6579 (21.6) < 0.001

Quintile 2 28,339 (23.4) 9010 (32.1) 9878 (32.4)

Quintile 3 22,142 (18.2) 5785 (20.6) 6354 (20.8)

Quintile 4 21,671 (17.9) 4202 (15.0) 3833 (12.6)

Quintile 5 (least disadvantaged) 34,609 (28.5) 4226 (15.1) 3857 (12.6)

Remotenessb

Major city 88,278 (72.8) 15,763 (56.3) 15,810 (51.7) < 0.001

Inner regional 11,725 (9.7) 2967 (10.67) 3360 (11.0)

Outer regional 11,653 (9.6) 4261 (15.2) 4958 (16.2)

Remote 5897 (4.9) 2848 (10.2) 3434 (11.2)

Very remote 3697 (3.0) 2178 (7.8) 3011 (9.8)

Health status

Any comorbidity (CCI ≥ 1)c 4691 (3.8) 1863 (6.5) 3131 (10.1) < 0.001

Injury Category

Low (ICISS ≥ 0.99) 123,399 (100) 19,646 (68.6) 17,917 (57.8) < 0.001

Medium (0.941 ≤ ICISS < 0.99) 0 7313 (25.5) 10,326 (33.3)

High (ICISS < 0.941) 0 1688 (5.9) 2754 (8.9)
aSocio-Economic Indices for Areas (SEIFA) Socio-Economic Disadvantage Quintiles: missing values 1.6% burn, 2.0% injury, and 1.7% no injury
bAccessibility Remoteness Index of Australia (ARIA+) remoteness classification: missing values 1.4% burn, 2.2% injury, 1.7% no injury
cComorbidity based on derived Charlson Comorbidity Index (CCI) using a 5-year look-back
ICISS International Classification for Injury Severity Score
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the uninjured cohort. Frequencies of infectious disease
admissions for particular conditions are shown in Table 2
for the three cohorts.
The total number of days spent in hospital with an in-

fectious disease admission was 159,944 days for the burn
cohort, 81,619 days for the injured cohort and
130,369 days for the uninjured cohort. The median
length of stay for an infectious disease admission was
3 days for the burn cohort (IQR 1–6 days), 2 days for
the injured cohort (IQR 1–5 days) and 2 days for the
uninjured cohort (IQR 0–4 days; 0 days corresponds to
an admission and discharge on the same day).
Age-standardised rates (ASR) of admissions for

infectious diseases over time are found in Fig. 1. Rates were
highest for the burn cohort, followed by the non-burn
trauma cohort and finally the uninjured cohort. Over the
study period, the ASR of infectious disease admissions in
the burn cohort decreased by an average annual rate of
1.8% (95%CI: − 2.1 to − 1.6%) while for the non-burn
trauma cohort the average annual rate decreased by 1.0%
(95%CI: − 1.5 to − 0.6%) and for the uninjured cohort, the
rate increased by 0.8% (95%CI: 0.4 to 1.3%).
Observed (unadjusted) rates of infectious disease ad-

missions by time since index event (Fig. 2) identified
higher annual rates of infectious disease admissions for
the burn and non-burn trauma cohorts compared to the
uninjured cohort. This difference was most pronounced
in the year after initial injury. Age-standardised hospital-
isation rates for major categories of infectious diseases,
classified by decade of burn admission (study entry), are
presented in Fig. 3.
Adjusted negative binomial analysis, adjusting for

socio-demographic and health factors, showed the burn

cohort experienced higher rates of infectious disease
admissions when compared to the non-burn trauma
cohort (IRR, 95%CI: 1.18, 1.14–1.23). This increase was
found in both those with a previous infectious disease
admission (IRR, 95%CI: 1.27, 1.17–1.38) and those with-
out (IRR, 95%CI: 1.14, 1.10–1.20), and across all time
periods (1980–1989: IRR, 95%CI: 1.15, 1.08–1.22; 1990–
1999: IRR, 95%CI: 1.16, 1.09–1.25; 2000–2012: IRR,
95%CI: 1.27, 1.16–1.38). The burn cohort spent 1.46
times as long in hospital with infectious diseases (95%CI:
1.30–1.64) when compared with the non-burn trauma
cohort. Higher rates of hospital admissions were found
in those who sustained their burn when between 18 and
60 years of age compared to the non-burn trauma co-
hort (IRR, 95%CI: 1.33, 1.25–1.40); no difference was
found between these two cohorts for those age under
18 years (IRR, 95%CI: 1.03, 0.97–1.10) and those over
60 years (IRR, 95%CI: 1.11, 0.99–1.25) at the time of
injury.
Results of propensity score matching found the aver-

age treatment effect on the treated of 0.50 (95%CI: 0.45–
0.55) for those with burn as compared to uninjured indi-
viduals. Smaller increases were found comparing the in-
jured cohort to the uninjured cohort (ATET, 95%CI:
0.29, 0.25–0.34). Analysis of within-subject differences
showed an increase rate of admissions after burn injury
as compared with before burn injury (1.16, 1.11–1.21);
similar effects were found in the injured cohort (IRR,
95%CI: 1.25, 1.19–1.32).
Analyses comparing the burn and non-burn trauma

subcohorts to the respective uninjured subcohorts with
respect to age and gender are presented in Fig. 4; study
entry and injury severity and type are found in Fig. 5.

Table 2 Number of admissions (%) for infectious diseases classified by subconditions in the burn, injured and uninjured cohorts, 1980–2012

No injury N (%) Non-burn trauma N (%) Burn injury N (%)

Enteric infections 4140 (12.9) 1965 (11.7) 2582 (10.1)

Blood stream infections 423 (1.3) 241 (1.4) 476 (1.9)

Sexually transmitted infections 171 (0.5) 53 (0.3) 114 (0.4)

Neurological and eye infections 415 (1.3) 228 (1.4) 469 (1.8)

Ear infections and upper respiratory tract infections 5063 (15.8) 2306 (13.7) 2704 (10.6)

Lower respiratory tract infections 5363 (16.8) 3566 (21.2) 6000 (23.6)

Heart and circulatory system infections 209 (0.7) 108 (0.6) 114 (0.4)

Digestive tract infections (including liver) 7626 (23.8) 2485 (14.8) 2899 (11.4)

Genitourinary infections 2447 (7.6) 1323 (7.9) 2086 (8.2)

Skin and soft tissue infections 2171 (6.8) 2335 (13.9) 4710 (18.5)

Musculoskeletal infections 263 (0.8) 219 1.3) 346 (1.4)

Neoplasms from infection 672 (2.1) 145 (0.9) 229 (0.9)

Postoperative infections 904 (2.8) 806 (4.8) 1305 (5.1)

Other infections 2127 (6.6) 1051 (6.2) 1429 (5.6)

Total 31,994 16,831 25,463
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Additional analysis was performed investigating the
time until first admission for an infectious disease,
excluding those in each cohort who had a previous in-
fectious disease hospitalisation, or those with the record
of another injury preceding or succeeding the index
event. There were 16,758 individuals in the reduced
burn cohort, 17,554 in the reduced injured cohort and
112,021 in the reduced uninjured cohort.
The results of adjusted Cox regression modelling

showed higher rates of first-time infectious disease ad-
missions for the burn and non-burn trauma cohorts
compared with the uninjured cohort, and first-time ad-
mission rates were 10% higher in the burn cohort when
compared to the non-burn trauma cohort (HR, 95%CI:
1.10, 1.05–1.15). Evidence of non-proportionality
required HR analyses to be split into partitioned time
windows: adjusted rates were highest during the first
30 days after discharge from burn and non-burn trauma
hospitalisation (burn vs uninjured: HR, 95%CI: 5.18,

4.15–6.48; non-burn trauma vs uninjured: HR, 95%CI:
5.06, 4.03–6.34), generally decreasing in magnitude with
increasing time from burn/non-burn trauma, but
remaining significantly higher over the entire study
period (burn vs uninjured: HR, 95%CI: 30 days to 1 year:
1.69, 1.53–1.87; 1 to 10 years: 1.40, 1.33–1.47; 10 years
to end of study period: 1.16, 1.08–1.24; non-burn trauma
vs uninjured: HR, 95%CI 30 days to 1 year: 1.71, 1.55–
1.90; 1 to 10 years: 1.30, 1.24–1.37; 10 years to end of
study period: 1.09, 1.03–1.17).
In total, results suggest that 1058 (28.3%) first

post-burn infectious disease hospitalisations were attrib-
utable to burn, while 837 (23.3%) infectious disease
hospitalisations after a non-burn trauma were attribut-
able to that injury.

Discussion
Overall, this population-based study revealed that people
with both burn and non-burn trauma serious enough to

Fig. 1 Annual age-standardised rates of admissions for infectious diseases (per 1000 individuals) over time, burn injury vs non-burn trauma vs no injury

Fig. 2 Observed (unadjusted) rates of infectious disease admissions (per 100-person-years) by time since index event burn injury vs non-burn
trauma vs no injury
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warrant hospitalisation experience increased rates of
hospital admissions for infectious diseases after dis-
charge for a prolonged period of time after discharge.
When compared with an age and gender frequency
matched cohort of people with no record of injury
admission during the study period, burn patients had
twice the infectious disease admissions while those with
non-burn trauma experienced 1.74 times higher admis-
sion rates. Within the burns and non-burn trauma co-
horts, there was no difference in infectious disease
admission rates with respect to gender when compared
with respective uninjured subcohorts. However, adult

patients with burns experienced higher post-burn infec-
tious disease admission rates than paediatric burn
patients. Interestingly, this same trend was observed
for patients with non-burn trauma; however, the over-
lap of the 95%CI suggests little difference by age.
While the rates were significantly higher for the burn

and non-burn trauma cohorts as compared with the
uninjured, interestingly, the rates for the injury cohorts
did decline over time while the admission rates for the
uninjured population increased over time. This result
may be related to improved surgical and medical
techniques over time, patients receiving management by

Fig. 3 Age-standardised admission rates (per-1000 individuals) for major categories of infectious diseases, by decade of index admission (study
entry) for burn injury, fractures and open wounds vs no injury

Duke et al. Burns & Trauma  (2018) 6:17 Page 7 of 11



primary care reducing the need for admission, and/or
changes in immune responses over time that are yet to
be identified. Trends in increasing infectious disease ad-
missions and burden in the general community over the
past decade have been reported across a number of
countries [27–29, 35].
Assessment by decade of study entry (index injury ad-

mission) indicated statistically significant elevated infec-
tious disease admission rates for each decade with a shift
to increased rates for those with burns and non-burn
trauma after 1990; however, this increase was more
pronounced for those with burns. IRR point estimates
suggested increases in severity of injury (burns;
non-burn trauma) was associated with increased infec-
tious disease admissions, although there was overlap of
the 95%CI. Interestingly, subcohort analyses of closed

fractures and other open skin trauma (includes punc-
tures, animal bites, cuts, avulsion, lacerations and trau-
matic amputations) identified similar adjusted
hospitalisation rates for infectious diseases (IRR 1.64).
However, these rates were 40% less than that indicated
for the burn cohort (IRR 2.04), suggesting different ef-
fects on prolonged immune dysfunction dependent on
the injury aetiology.
In our previous work [36], we identified digestive tract,

lower respiratory and skin and soft tissue infections to
be the most common among burn patients, with admis-
sion rates decreasing by increasing decade of burn
admission for lower respiratory and skin and soft tissue
infections. For those with open trauma, annual admis-
sion rates were highest for lower respiratory and skin
and soft tissue infectious disease admissions. In

Fig. 4 Adjusted incidence rate ratio (IRR) and 95% confidence interval (CI) for infectious disease admissions for age and gender subgroups of
burn injury and non-burn trauma compared with no injury

Fig. 5 Adjusted incidence rate ratio (IRR) and 95% confidence interval (CI) for infectious disease admissions by decade of index admission, injury
type and injury severity, compared with no injury
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comparison with the burn cohort, skin and soft tissue
infectious admission rates were of similar magnitude for
the open trauma cohort. However, the annual admission
rates for lower respiratory tract infections were approxi-
mately 33% lower (for each decade of injury admission)
than the burn cohort; digestive tract infectious disease
admissions were three times higher in the burn cohort
than the open trauma cohort. For those with closed frac-
tures, lower respiratory infections were the most com-
mon infectious disease admissions; however, these
annual rates were generally half to that observed for the
burn cohort.
These results suggested that trauma may lead to sus-

ceptibility to infectious disease, with burns having the
greatest impact. This susceptibility may be due to
long-term immune suppression. Our previous animal
studies showed the impact of burn was more marked
than excisional injury of the same extent, with long-term
T cell profiles suggesting the development of anergy, ex-
haustion or deletion tolerance to self-antigens [13].
More recently, we have shown increased susceptibility to
respiratory viral infection after burn in an animal model
[37]. This was associated with a diminished CD8 re-
sponse and elevated Natural Killer (NK)/NKT responses,
which may be compensatory to the dysfunctional CD8 T
cell activation observed. Other insults to the skin have
also been shown to induce immune dysfunction, with
excessive ultraviolet radiation (UVR) known to induce
immune dysfunction in both mice and humans [38].
Ageing also leads to decreased immune function, and
both UVR exposure and ageing involve decreased den-
dritic cell function or number concurrent with decreased
T cell function through loss of activation ligands and
elevated anti-inflammatory cytokine levels [39, 40].
Therefore, it is possible that burn injury induces similar
immune dysfunction, leading to the increased hospital-
isation for infectious disease that is observed in this
population-based study. However, other alternative
causes may exist for the observed increase in infectious
disease admission. It is possible that the injury causes
direct damage to the tissue and that this damage causes
the susceptibility to infection. Therefore, rather than a
sustained diminished immune response to infection, the
susceptibility is caused by dysfunctional barrier proper-
ties, which have previously been observed to be a result
of burn injury, even in uninjured skin [41]. Alternatively,
changes to the microbiome after injury may also lead to
susceptibility to colonisation. Changes to both the skin
and intestinal microbiome have both previously been re-
ported after burn injury, and these can increase suscepti-
bility to infection [42, 43]. Further work to understand
what causes this susceptibility to infectious disease after
burn injury will be important to facilitate the use of al-
ternative interventions, either during the acute phase or

after recovery to improve recovery and long-term health
after burn injury.
In summary, examination of incident admissions for

infectious diseases found both the burn and non-burn
trauma cohorts were at significantly increased risk over
the study period when compared with the uninjured
cohort, with the patients experiencing five times the in-
cidence during the first 30 days after discharge.
Time-related patterns were similar for the burn and
non-burn trauma cohorts in comparison with the un-
injured cohort; however, comparison of the burn co-
hort with the non-burn trauma cohort identified a
10% higher rate of incident infectious disease admis-
sions for those with burns. From the incident analyses
(Cox regression), we were also able to estimate that
28% (n = 1058) and 23% (n = 837), respectively, of
first-time infectious disease admissions could be at-
tributed to the initial burn and non-burn trauma event
and prevented in the absence of the injury.

Strengths and limitations
Limited long-term data of injury patients, burns and
other non-burn traumatic injury, are available and/or
published, particularly in regard to infectious diseases.
The strengths of this study are related to the use of
population-based linked health data with a median fol-
low-up time of approximately 15 years (minimum > 0;
maximum 33 years) and the use of a published and
comprehensive list of ICD-classified infectious diseases
[27–29]. Out-of-state migration in Western Australia is
relatively low at less than 2.8% per annum, and as such
loss-to-follow-up is not likely to cause systematic error in
this population-based study [44]. We were able to adjust
for cohort differences in socioeconomic disadvantage,
Aboriginality, comorbidity and geographic distance/access
to services, including medical services and hospitals
[45–47] that may be associated with infectious disease
admissions, by including these variables in the multi-
variable regression analyses [34]. The census-derived
socioeconomic disadvantage variable used in this study
has high correlation with nutrition status, alcohol con-
sumption, smoking and physical activity, factors that
may also affect infectious disease status [48–50]. ICD
codes were used to classify disease, injury and injury
severity and applied to each cohort, and as such, any
misclassification would be expected to lead to underesti-
mates of the infectious disease outcomes measured.
Hospital administrative data are characteristically not col-
lected for research purposes. Our analyses are limited by
the variables available in the datasets. Other clinical data
(including smoking, diet, alcohol use, primary care attend-
ance, pathology and medications) were not included in
these health administrative datasets, and it is possible that
a level of residual confounding may exist.
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To ensure validity of our conclusions, our key hypoth-
esis was tested using a range of statistical methods, each
with their own strengths and weaknesses. The use of
standard multivariate regression analysis comparing co-
horts allowed us to include the full gamut of potential
confounding factors available to us. Propensity score
analysis allowed us to account for imbalances in covari-
ates between cohorts, although only a minimal number
of covariates can be concluded. Finally, GEE methods
measuring within-subject differences before and after
the injury event avoid issues of comparability between
cohorts, but as a limitation may be subject to age-based
cohort effects. The fact that all methods pointed towards
the same findings provides additional strength in our
conclusions.

Conclusions
These results showed that injury patients with burns and
non-burn trauma had increased admission rates for in-
fectious diseases for a prolonged period after discharge
for their initial injury. Burn patients had significantly
higher infectious disease admission rates when com-
pared with patients with other types of trauma and unin-
jured people. Injury to the skin, burn and other open
wounds were associated with significantly higher rates of
skin and soft tissue infections for an extensive period
after discharge. Lower respiratory tract infectious disease
admissions were also higher for those with burns and
open wounds when compared to those with closed frac-
tures, while burn patients had higher rates of digestive
infections. The post-injury infectious disease patterns
suggest that different immune and inflammatory re-
sponses are triggered by injury to the skin, and immune
dysfunction may persist for a prolonged period after in-
jury. These results also suggest that it may be prudent to
consider how a patient’s immune system might be sup-
ported after discharge.

Abbreviations
95%CI: 95% confidence interval; AR%: Attributable risk percent; ARIA+: Accessibility
Remoteness Index of Australia; ASR: Age-standardised rates; ATET: Average
treatment effect on the treated; DOHWA: Department of Health, Western
Australia; GEE: Generalised estimating equations; HR: Hazard ratio;
ICD: International Classification for Diseases; ICISS: International Classification for
Injury Severity Score; IQR: Interquartile range; IRR: Incidence rate ratio;
LOS: Length of stay; PY: Person-years; SEIFA: Socio-Economic Index for Areas;
SRR: Survival risk ratio; TBSA: Total body surface area; UVR: Ultraviolet radiation;
WAPBIP: Western Australian Population-based Burn Injury Project

Acknowledgements
The authors thank the staff of the Health Information Linkage Branch for access
to the Western Australian Data Linkage System and for their assistance in
obtaining the data, the WA Health Data Custodians for access to the core
health datasets and the Western Australian Department of Health.

Funding
This study was funded by the Raine Medical Research Foundation; Woodside
Corporation sponsorship via the Fiona Wood Foundation.

Availability of data and materials
De-identified data used in this study cannot be shared in compliance with
DOHWA ethics and confidentiality. However, linked data can be obtained by
application to the Western Australian Department of Health and Western
Australia Data Linkage Branch.

Authors’ contributions
All authors have made contributions to the paper and authorised the submission.
JMD designed the study, interpreted the results and drafted the manuscript. SMR
provided data analyses and management. JHB provided data management and
analysis support. MWF contributed basic scientific interpretation. SR and FMW
contributed clinical interpretation. All authors contributed to manuscript
preparation and critical revision. All authors have read and approved the final
manuscript.

Ethics approval and consent to participate
Approval was granted by the Human Research Ethics Committees’ of the Western
Australian Department of Health and the University of Western Australia.

Competing interests
The authors declare that they have no competing interests.

Author details
1Burn Injury Research Unit, Faculty Health and Medical Sciences, The
University of Western Australia, Perth, WA, Australia. 2Centre for Data Linkage,
Curtin University, Perth, WA, Australia. 3Burns Service of Western Australia,
Fiona Stanley Hospital and Princess Margaret Hospital, Perth, WA, Australia.

Received: 4 April 2018 Accepted: 15 May 2018

References
1. Haagsma JA, Graetz N, Bolliger I, Naghavi M, Higashi H, Mullany EC, et al.

The global burden of injury: incidence, mortality, disability-adjusted life
years and time trends from the Global Burden of Disease study 2013. Inj
Prev. 2016;22:3–18.

2. Peck MD. Epidemiology of burns throughout the world. Part I: distribution
and risk factors. Burns. 2011;37:1087–100.

3. Foex BA. Systemic responses to trauma. Br Med Bull. 1999;55:726–43.
4. Jeschke MG, Chinkes DL, Finnerty CC, Kulp G, Suman OE, Norbury WB, et al.

Pathophysiologic response to severe burn injury. Ann Surg. 2008;248:387–401.
5. Lenz A, Franklin GA, Cheadle WG. Systemic inflammation after trauma.

Injury. 2007;38:1336–45.
6. Angele MK, Faist E. Clinical review: immunodepression in the surgical

patient and increased susceptibility to infection. Crit Care. 2002;6:298–305.
7. Tran NK, Wisner DH, Albertson TE, Cohen S, Greenhalgh D, Palmieri TL, et al.

Multiplex polymerase chain reaction pathogen detection in patients with
suspected septicemia after trauma, emergency, and burn surgery. Surgery.
2012;151:456–63.

8. Ni Choileain N, Redmond HP. The immunological consequences of injury.
Surgeon. 2006;4:23–31.

9. Osuchowski MF, Welch K, Siddiqui J, Remick DG, Osuchowski MF, Welch K,
et al. Circulating cytokine/inhibitor profiles reshape the understanding of
the SIRS/CARS continuum in sepsis and predict mortality. J Immunol. 2006;
177:1967–74.

10. Cheadle WG, Mercer-Jones M, Heinzelmann M, Polk HC Jr. Sepsis and septic
complications in the surgical patient: who is at risk? Shock. 1996;6(Suppl 1):S6–9.

11. Moss NM, Gough DB, Jordan AL, Grbic JT, Wood JJ, Rodrick ML, et al.
Temporal correlation of impaired immune response after thermal injury
with susceptibility to infection in a murine model. Surgery. 1988;104:882–7.

12. O'Sullivan ST, O'Connor TP. Immunosuppression following thermal injury:
the pathogenesis of immunodysfunction. Br J Plas Surg. 1997;50:615–23.

13. Valvis SM, Waithman J, Wood FM, Fear MW, Fear VS. The immune response
to skin trauma is dependent on the etiology of injury in a mouse model of
burn and excision. J Invest Dermatol. 2015;135:2119–28.

14. Duke JM, Randall SM, Wood FM, Boyd JH, Dear MW. Burns and long-term
infectious disease morbidity: a population-based study. Burns. 2016;43:273–81.

15. Herndon DN, Tompkins RG. Support of the metabolic response to burn
injury. Lancet. 2004;363:1895–902.

Duke et al. Burns & Trauma  (2018) 6:17 Page 10 of 11



16. Williams FN, Jeschke MG, Chinkes DL, Suman OE, Branski LK, Herndon DN.
Modulation of the hypermetabolic response to trauma: temperature,
nutrition, and drugs. J Am Coll Surgeons. 2009;208:489–502.

17. Clark A, Imran J, Madni T, Wolf SE. Nutrition and metabolism in burn
patients. Burns Trauma. 2017;11:2017.

18. Holman CDJ, Bass AJ, Rouse IL, Hobbs MST. Population-based linkage of
health records in Western Australia: development of a health service
research linked database. Aust N Z J Public Health. 1999;23:453–9.

19. Duke JM, Randall S, Fear MW, Boyd J, O'Halloran E, Rea S, et al. Increased
admissions for diabetes mellitus after burn injury. Burns. 2016;42:1734–9.

20. Stephenson S, Henley G, Harrison JE, Langley JD. Diagnosis based injury
severity scaling: investigation of a method using Australian and New
Zealand hospitalisations. Inj Prev. 2004;10:379–83.

21. Dayal S, Wren J, Wright W. Mapping injury severity scores against
hospitalisation day stays for injury priority area (excluding workplace
injury). In: Public Health Intelligence HaDSSD. Wellington: Ministry of
Health; 2008.

22. Mitchell RJ, Cameron CM, McClure R. Quantifying the hospitalised morbidity
and mortality attributable to traumatic injury using a population-based
matched cohort in Australia. BMJ Open. 2016;6:e013266.

23. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40:373–83.

24. Preen DB, Holman CDAJ, Spilsbury K, Semmens JB, Brameld KJ. Length of
comorbidity lookback period affected regression model performance of
administrative health data. J Clin Epidemiol. 2006;59:940–6.

25. Australian Bureau of Statistics. Socio-Economic Indexes for Areas (information
paper, census of population and housing). Canberra: Australian Bureau of
Statistics; 2001.

26. Glover J, Tennant S. Remote areas statistical geography in Australia: notes
on the Accessibility/Remoteness Index for Australia (ARIA+ version).
Working Papers Series No. 9 Adelaide: Public Health Information
Development Unit. Adelaide: The University of Adelaide; 2003.

27. Baker MG, Barnard LT, Kvalsvig A, Verrall A, Zhang J, Keall M, et al. Increasing
incidence of serious infectious diseases and inequalities in New Zealand: a
national epidemiological study. Lancet. 2012;379:1112–9.

28. Pinner RW, Teutsch SM, Simonsen L, Klug LA, Graber JM, Clarke MJ, et al.
Trends in infectious diseases mortality in the United States. JAMA. 1996;275:
189–93.

29. Simonsen L, Conn LA, Pinner RW, Teutsch S. Trends in infectious disease
hospitalizations in the United States, 1980-1994. Arch Int Med. 1998;158:1923–8.

30. Hennekens C, Buring J, Mayrent SL. Epidemiology in medicine. Boston:
Little, Brown & Co.; 1987.

31. Garrido MM, Kelley AS, Paris J, Roza K, Meier DE, Morrison RS, et al. Methods for
constructing and assessing propensity scores. Health Serv Res. 2014;49:1701–20.

32. Hosmer DW, Lemeshow S. Applied survival analysis: regression modeling of
time to event data. New York: Wiley; 1999.

33. Hosmer DW, Royston P. Using Aalen’s linear hazards model to investigate
time-varying effects in the proportional hazards regression model. Stata J.
2002;2:331–50.

34. Gordis L. Epidemiology second ed. Philadelphia: W.B. Saunders Company; 2000.
35. Webster R. Trends in infectious disease admissions in Queensland Public

Hospitals. StatBite#55 February 2013 ed. Brisbane: Health Statistics Unit; 2013.
36. Duke JM, Randall SM, Wood FM, Boyd JH, Fear MW. Burns and long-term

infectious disease morbidity: a population-based study. Burns. 2017;43:273–81.
37. Fear VS, Boyd JH, Rea S, Wood FM, Duke JM, Fear MW. Burn injury leads to

increased long-term susceptibility to respiratory infection in both mouse
models and population studies. PLoS One. 2017;12:e0169302. [Electronic
Resource]

38. Ng RL, Scott NM, Strickland DH, Gorman S, Grimbaldeston MA, Norval M, et
al. Altered immunity and dendritic cell activity in the periphery of mice after
long-term engraftment with bone marrow from ultraviolet-irradiated mice. J
Immunol. 2013;190:5471–84.

39. Goronzy JJ, Weyand CM. Understanding immunosenescence to improve
responses to vaccines. Nat Immunol. 2013;14:428–36.

40. Hart PH, Gorman S, Finlay-Jones JJ. Modulation of the immune system by
UV radiation: more than just the effects of vitamin D? Nat Rev Immunol.
2011;11:584–96.

41. Plichta JK, Droho S, Curtis BJ, Patel P, Gamelli RL, Radek KA. Local burn
injury impairs epithelial permeability and antimicrobial peptide barrier
function in distal unburned skin. Crit Care Med. 2014;42:e420–31.

42. Earley ZM, Akhtar S, Green SJ, Naqib A, Khan O, Cannon AR, et al. Burn
injury alters the intestinal microbiome and increases gut permeability and
bacterial translocation. PLoS One. 2015;10:e0129996. [Electronic Resource]

43. Plichta JK, Gao X, Lin H, Dong Q, Toh E, Nelson DE, et al. Cutaneous burn
injury promotes shifts in the bacterial microbiome in autologous donor skin:
implications for skin grafting outcomes. Shock. 2017;48:441–8.

44. Clark A, Preen DB, Ng JQ, Semmens JB, Holman CDJ. Is Western Australia
representative of other Australian States and Territories in terms of key
socio-demographic and health economic indicators? Aust Health Rev.
2010;34:210–5.

45. Australian Institute of Health and Welfare. Rural, regional and remote health:
indicators of health status and determinants of health. Rural Health Series
no. 9.Cat. no. PHE97. Canberra: AIHW; 2008.

46. Australian Institute of Health and Welfare. The health and welfare of
Australia’s Aboriginal and Torres Strait Islander people: an overview 2011.
Cat. no. IHW 42. Canberra: AIHW; 2011.

47. Australian Institute of Health and Welfare. Australia’s health 2014. Canberra:
AIHW; 2014.

48. Bentley R, Kavanagh AM, Subramanian SV, Turrell G. Area disadvantage, individual
socio-economic position, and premature cancer mortality in Australia 1998 to
2000: a multilevel analysis. Cancer Causes Control. 2008;19:183–93.

49. Mishra G, Ball K, Patterson A, Brown W, Hodge A, Dobson A. Socio-
demographic inequalities in the diets of mid-aged Australian women. Eur J
Clin Nutr. 2005;59:185–95.

50. Taylor AW, Dal Grande E, Wu J, Shi Z, Campostrini S. Ten-year trends in
major lifestyle risk factors using an ongoing population surveillance system
in Australia. Popul Health Metr. 2014;12:31.

Duke et al. Burns & Trauma  (2018) 6:17 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Cohort characteristics
	Admission rates and summed length of stay

	Discussion
	Strengths and limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Author details
	References

