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Mortality Following Severe Infectious Disease Is Present in the
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Abstract: Background: In this study, we aimed to assess the risk factors associated with mortality
due to an infectious disease over the short-, medium-, and long-term based on a data-linkage study
for patients discharged from an infectious disease unit in North Queensland, Australia, between
2006 and 2011. Methods: Age-sex standardised mortality rates (SMR) for different subgroups were
estimated, and the Kaplan-Meier method was used to estimate and compare the survival experience
among different groups. Results: Overall, the mortality rate in the hospital cohort was higher
than expected in comparison with the Queensland population (SMR: 15.3, 95%CI: 14.9–15.6). The
long-term mortality risks were significantly higher for severe infectious diseases than non-infectious
diseases for male sex, Indigenous, residential aged care and elderly individuals. Conclusion: In
general, male sex, Indigenous status, age and comorbidity were associated with an increased hazard
for all-cause deaths.
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1. Introduction

Sepsis is a serious global health problem, with an estimated 11 million related deaths
in 2017 [1]. In an attempt to emphasise the magnitude and complexity of the problem,
in May 2017 the 70th World Health Assembly adopted a resolution [2]; ‘Improving the
prevention, diagnosis and clinical management of sepsis.’ This resolution aims to bring
more attention to sepsis, and describing patterns of severe infection and attendant mortality
is an important component of this process.

In high-income countries, including Australia, communicable diseases mortality has
reduced to the point where they are the main cause of only 3.0% of deaths [3]. However,
data from the Australian Institute of Health and Welfare show that infectious and parasitic
diseases frequently contribute to death as one of multiple causes, often in patients with
chronic conditions. Infectious diseases of sufficient severity to require hospitalisation or
occurring during hospitalisation increase both short- and long-term mortality relating to
both the disease itself and other comorbidities [4]. A seven-year hospital-based prospec-
tive study performed in Australia reported additional infection-related mortality risk for
patients who had sepsis managed in an intensive care unit [5].

Apart from information on incident causes of death, there are few long-term mortality
studies in patient cohorts hospitalised due to infectious diseases. Incident causes of death
data provide detailed information on community mortality, but additional insights accrue
from the study of death among patient cohorts, including those who have been hospitalised.
This information can help users to further target preventive measures like vaccination
programs and the application of treatment guidelines.
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We have used linked health data to examine mortality patterns of a cohort of patients
discharged from a tropical Northern Australian hospital with a diagnosis of an infectious
disease over an 11-year period [6]. We were particularly interested in assessing mortality
that was directly due to severe infectious disease over the short-, medium-, and long-term
to understand if preventive strategies may be of value to readdress any differences. As
studies have shown that vulnerable groups have higher mortality [7–12], we conducted
subgroup analysis to analyse any differences in mortality among Indigenous patients.

2. Materials and Methods
2.1. Data Sources

This cohort, subsequently referred to as TSV11, was comprised of 41,367 patients
discharged over an 11-year period from the Townsville Hospital. Patients entered the
cohort when they were discharged from the hospital with an International Classification
of Diseases Version 10 Australian Modification (ICD-10-AM) code for infectious disease
(Table S1) [6]. All TSV11 patient hospitalisation data prior to and after their index admission
was available for analysis (between 2006 and 2016). The exit point was the final date of
the study observation period for those alive at the end of the study (31 December 2016),
and the date of death was extracted from the Queensland State Death Registry. For each
death, date, causes of death, age, sex, comorbidities and Indigenous status were recorded
as covariates. Causes of death (COD) as coded from the ICD-10-AM were grouped by the
leading COD (Supplementary Tables S2 and S3). Patients were classified as Indigenous
if they identified themselves as Aboriginal and/or Torres Strait Islander (ATSI) and non-
Indigenous if they were neither Aboriginal nor TSI. We ranked patient illness severity based
on the number and importance of comorbid diseases using the Charlson’s Comorbidity
Index (CCI) (Supplementary Table S3) [13,14]. These data were available on cohort patients,
so all were included in the analysis.

2.2. Data Analysis

The analyses in this study were three-fold. Firstly, we presented descriptive sum-
maries for demographic and clinical characteristics as frequencies and percentages for
categorical variables, and medians and interquartile range (IQR) for continuous variables.
Chi-square test was used to compare the categorical variables between deaths due to
severe infection and non-infective, and the Mann-Whitney U-test was used to test the
differences in continuous variables. Secondly, we estimated the direct standardised age–sex
specific death rates (ASR) separately for the ATSI and non-Indigenous populations using
the procedure for computing direct standardised rates and risks ration “PROC STDRATE”
in Statistics Analysis System software (SAS) version 9.4 [15,16] using the entire TSV11
patient cohort as the denominator. The population at risk and baseline death estimates by
Indigenous status, age group and sex for Townsville for the calendar years 2006 to 2016
were obtained from the Australian Bureau of Statistics [17]. Yearly population data were
aggregated and used as the total person-years over the 11-year period (2006–2016). We
compared the ASR for the TSV11 cohort with that of the general Queensland population
for the 11-year study period (2006–2016). In order to compare the incidence rates between
groups and adjust for possible variation in age–sex distribution, standardised rate ratios
(SRR) by age, sex and Indigenous status were calculated. Age groups were created as
follows: ≤4, 5 to 14, 15 to 24, 25 to34, 35 to 44, 45 to 54, 55 to 64, 65 to 74 and 75+ years.

Thirdly, we focused on the primary outcome time from inclusion in the study to either
date of death or final observation date in the study (31 December 2016) with censoring at
status at last follow-up (Censored = 0, Dead = 1). The Kaplan-Meier method and log-rank
test were used to estimate and compare the survival experience among different groups.
We investigated the differences in the risk of deaths from severe infectious diseases, namely
sepsis and pneumonia, in comparison to other non-infective diseases. Two senior infectious
disease physicians (DPE and ESM) reviewed the ICD10 codes for cohort patients with
infection and determined which should be included in this analysis as they represented
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severe infection. The following ‘severe infection disease’ ICD10-AM codes were included:
bacteraemia, bacteria, septicaemia, fasciitis, infective, septic and pyelonephritis (Table S2).

Additionally, we investigated the risk factors for 30-day, 100-day and 11-year mortality
based on the date of admission for the first infectious event. We analysed the competing
risks of death due to severe infection and non-infective disease using cumulative incidence
functions to calculate the proportion of patients suffering from each event over time [18].
The Fine and Gray method [19] was used for testing and estimating the hazard ratio (HR)
for the sub-distribution (cause-specific) of competing risks for both severe infection death
and non-infective death.

All statistical analyses were performed in SAS version 9.4 (SAS Institute, Cary, NC,
USA) [16] and R version 3.6.2 (R Foundation for Statistical Computing) [20]. The 95%
confidence intervals (CI) and two-tailed tests of significance are reported.

3. Results
3.1. Baseline Characteristics

The TSV11 database comprised a total of 41,367 patients during the period 1/1/2006
to 31/12/2016. Table 1 presents the descriptive summary of the 11-year, 100-day and
30-day mortality rates. During this 11-year period, 8274 (20% of the TSV11 cohort) died.
Among these, 717 (8.7%) were residents of residential aged care facilities. The five most
common primary COD were cancer (23%), cardiac disease (19.6%), severe infection (15.5%),
sepsis (7.8%) and pneumonia (7.7%), and chronic pulmonary disease (8.6%). The overall
median follow-up was 1356 days (IQR: 499–2409) and the median time to death was
380 days (IQR: 59–1165). The 30-day mortality rate was 1538 (3.7%) and with the highest
proportions of deaths being due to infection (21.8%) compared with cancer (19.9%) and
cardiac disease (18.3%) in this group. The overall 100-day mortality rate was 2590 (6.3%),
with more deaths due to cancer (25.9%) than infectious (13.8%) or cardiac disease (17.2%).
We further summarised the characteristics of the patients by severe infection COD or
non-infective disease in Table S4. Patients who died of severe infections tended to have
similar characteristics except for a shorter time to death in comparison with patients who
died of non-infective diseases (p-value < 0.0001).

Table 1. Demographic characteristics of the study cohort and COD, n (%) a.

Characteristics 30-Day 100-Day 11-Year

Overall 1538 (3.7) a 2590 (6.3) a 8274 (20) b

Follow-up, days c 11 (5–20) 32 (11–64) 1356 (499–2409)
Time to death, days c 10 (4–18) 22 (8–50) 380 (59–1165)

Gender
Male 904 (58.8) 1508 (58.2) 4590 (55.5)

Female 634 (41.9) 1082 (41.8) 3684 (44.5)
Age group, years

0–4 19 (1.4) 32 (1.2) 59 (0.7)
5–14 4 (0.3) 5 (0.2) 18 (0.2)

15–24 11 (0.7) 20 (0.8) 67 (0.8)
25–34 24 (1.6) 39 (1.5) 124 (1.5)
35–44 65 (4.2) 91 (3.5) 350 (4.2)
45–54 122 (7.9) 217 (8.4) 710 (8.6)
55–64 221 (14.4) 377 (14.6) 1237 (15.0)
65–74 354 (23.0) 600 (23.2) 1823 (22.0)
75+ 718 (46.7) 1209 (46.7) 3886 (47.0)

Residential aged care 72 (4.7) 126 (4.9) 717 (8.7)
Indigenous status
Non-Indigenous 1390 (90.4) 2372 (91.6) 7421 (89.7)

ATSI 148 (9.6) 218 (8.4) 853 (10.3)
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Table 1. Cont.

Characteristics 30-Day 100-Day 11-Year

Comorbidity Index
Score 0 147 (9.6) 243 (9.4) 861 (10.4)

Score 1–2 432 (28.1) 715 (27.6) 2083 (25.1)
Score 3–4 429 (27.9) 664 (25.6) 1973 (23.9)
Score ≥ 5 530 (34.5) 968 (37) 3357 (40.6)

Cause of death (COD) d

Severe Infection
Pneumonia 120 (7.8) 198 (3.1) 634 (7.7)

Sepsis 216 (14.0) 278 (10.7) 645 (7.8)
Non-infective

Acute abdomen 30 (1.9) 37 (1.4) 113 (1.4)
Aspiration pneumonia 45 (2.9) 83 (3.2) 263 (3.2)

Cancer 306 (19.9) 670 (25.9) 1902 (23.0)
Cardiac 282 (18.3) 446 (17.2) 1621 (19.6)

Dementia 3 (0.2) 18 (0.7) 177 (2.1)
Haemorrhage 56 (3.6) 73 (2.8) 204 (2.5)

Liver 15 (1.0) 30 (1.2) 104 (1.3)
Multiple organ failure 61 (4.0) 79 (3.1) 198 (2.4)

Others 130 (8.5) 231 (8.9) 760 (9.2)
Pulmonary disease 133 (8.7) 217 (8.4) 708 (8.6)

Renal failure 50 (3.3) 91 (3.5) 386 (4.7)
Stroke 91 (14.0) 139 (10.7) 559 (6.8)

a Percentage calculated from total deaths. b Out of the total patients. c Continuous variables summarised as
median (Interquartile Range). d See Table S2.

3.2. Standardised Mortality Rates

The all-cause crude mortality rate was 200 per 1000 persons, higher among non-Indigenous
patients (210.7 per 1000 persons) than Indigenous patients (138.6 per 1000 persons) (Table S5).
However, when the mortality rate was directly standardised for age and sex using the
Townsville 2016 population as the reference, the age–sex standardised rate (ASR) among
non-Indigenous patients (111.6 per 1000 persons) was lower than Indigenous patients
(169.6 per 1000 persons) (Table 2), leading to an overall age-standardised risk ratio of for
Indigenous patients of 1.5 (SRR = 1.5, 95%CI: 1.4–1.6). This was found across most age
categories, the exceptions being the 5-14 and 75+ age groups (Table 2). When considering
gender, the SRR mortality was higher in females than males across all ages except in the
5–14, 15–24, and 75+ age groups, where it was higher in males.

The ASR comparing all-cause deaths in the TSV11 cohort with that of the general
Queensland population for the 11-year study period (2006–2016) is presented in Figure S1.
All age group mortality rates were higher than those recorded in the general population.
These ratios were highest among those aged 5 to 14 years and lowest in people aged
75+ years. Overall, the observed number of deaths (8274) was higher than the expected
number of deaths (542.7), using Queensland as a reference population. This represents
a standardised mortality ratio (SMR) of 15.3 (95%CI: 14.9, 15.6). The SMR broken down
by age group and sex ranged from 5.7 (females aged 75+ years) to 60.2 (females aged
35–44 years) among Indigenous patients, and 7.7 (females aged 0–4 years) to 225.6 (females
aged 5–14 years) among the non-Indigenous group (See Table 2).
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Table 2. Overall mortality rates by Indigenous status during the study period of 2006–2011 compared with the Queens-
land population.

Gender Age Group
(Years)

Mortality Rates per 1000 Population Standardised Mortality Ratio, TSV11 vs. Queensland

TSV11, 2006–2016 Queensland *, 2006–2016 ATSI Non-Indigenous

ATSI Non-Indigenous SRR † ATSI Non-Indigenous SRR † SMR ‡ 95%CI SMR ‡ 95%CI

Female 0–4 25.3 5.9 4.3 1.2 0.8 1.5 20.8 9.9 31.7 7.7 2.9 12.5
5–14 3.9 14.2 0.3 0.2 0.1 2.0 18.7 0 55.4 225.6 85.8 365.5

15–24 10.8 9.3 1.2 0.6 0.3 2.0 19.1 3.8 34.4 38.1 21.0 55.3
25–34 34.2 16.9 2.0 1.0 0.4 2.5 34.9 17.8 52 48.4 32.2 64.7
35–44 157.4 56.4 2.8 2.6 0.7 3.7 60.2 46.2 74.3 78.9 62.2 95.6
45–54 229.6 119.7 1.9 5.0 1.6 3.1 45.8 36.3 55.3 77.3 66.8 87.9
55–64 367.6 204.3 1.8 12.5 3.6 3.5 29.4 23.9 34.8 56.9 50.9 62.9
65–74 442.4 304.5 1.5 25.2 8.7 2.9 17.5 13.5 21.6 35.1 32.3 37.9
75+ 552.1 555.9 1.0 97.3 58.7 1.7 5.7 4.2 7.2 9.5 9.1 9.9

Male 0–4 19.7 10.8 1.8 1.1 1.1 1.0 18.2 8.7 27.7 10.3 5.9 14.7
5–14 6.5 5.6 1.2 0.2 0.1 2.0 31.8 0 75.8 80.4 9.9 150.9

15–24 37.9 18.6 2.0 0.9 0.5 1.8 44.1 19.1 69 38.9 25.0 52.8
25–34 64.0 31.7 2.0 1.9 0.8 2.4 33.6 19.2 47.9 39.9 29.2 50.7
35–44 171.4 72.0 2.4 4.3 1.5 2.9 40.1 30.9 49.3 48.2 39.6 56.8
45–54 254.6 151.3 1.7 7.7 2.7 2.9 33.1 26.5 39.6 56.6 50.4 62.9
55–64 384.6 268.9 1.4 17.3 5.9 2.9 22.3 17.7 26.9 45.4 42.1 48.8
65–74 446.0 388.9 1.1 30.2 15 2.0 14.8 11.2 18.4 26.0 24.5 27.6
75+ 724.1 588.1 1.2 106.9 67.9 1.6 6.8 4.7 8.8 8.7 8.3 9.1

Overall 169.6 111.6 1.5 11.9 6.0 2.0 15.3

Notes: ATSI = Aboriginal, Torres Strait Islander; Non-Indigenous = Non-Aboriginal, Torres Strait Islander; * Using 2016 death records.
† Standardised Risk ratio (RRR): SRR greater than 1 implies mortality risk among ATSI is higher than non-Indigenous. ‡ SMR greater than
one indicating that HC mortality rates are higher than expected compared to the Queensland group.

3.3. Risk of Death Analysis

Figure 1 presents the cumulative incidences of deaths from severe infection and non-
infective diseases as well as the survival probability of the TSV11 cohort by cause of death.
The sum of the cumulative incidences of severe infection and non-infective deaths equals
the cumulative incidence of all-cause mortality (Figure 1A). The cumulative incidence
of non-infective death exceeds that of severe infection throughout the study period. In
Figure 1B, we present the Kaplan-Meier estimate of the survival function for the study
cohort. The green area showed the probability of being alive, while the remaining areas
were partitioned into death due to severe infection and non-infective disease. Overall, the
probability of surviving to the end of the study period was 68.1% (95%CI: 67.0–69.2%), for
30 days was 96.3% (95%CI: 96.2–96.5%) and for 100 days was 93.7% (95%CI: 93.5–94.0%).
The majority (5:1) of deaths were caused by non-infective diseases.

Figure 1. Distribution of patient’s survival over the 11-year study period from competing risk model. (A) Cumulative
incidence rate, (B) Probability of survival.
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The 30-day, 100-day and overall (11-year) all-cause mortality risks adjusting for sex,
age, residential age care, Indigenous status and degree of comorbidity based on the Charl-
son’s comorbidity index (CCI) are presented in Table 3. Considering all-cause mortality
risks (30-day, 100-day and 11-year), male sex, identifying as Aboriginal and Torres Strait
Islander, older age group and all measured comorbidity groupings increased the risk of
death after adjusting for other variables. The mortality risk for being in residential aged
care was protective for the 30-day (0.7, 95%CI: 0.6–0.9) and 100-day (0.7, 95%CI: 0.6–0.8)
mortality, however, the risk increased by 20% (1.2, 95%CI: 1.1–1.3) for the 11-year study
period. The risk of death associated with older age groups was more pronounced in
long-term mortality (11-year) than short term (30 and 100-day) (Table 3).

Table 3. Estimated overall survival all-cause hazards (HR) and 95%CI.

Characteristics 30-Day 100-Day 11-Year

Gender: Ref (Male)
Female 0.8 (0.7–0.9) 0.8 (0.8–0.9) 0.8 (0.8–0.9)

Age: Ref (0–4 years)
5–14 0.4 (0.2–1.2) 0.3 (0.1–0.9) 0.6 (0.4–1.1)

15–24 0.6 (0.3–1.2) 0.6 (0.4–1.1) 1.2 (0.8–1.6)
25–34 1.1 (0.6–1.9) 1.0 (0.6–1.6) 1.9 (1.4–2.6)
35–44 2.3 (1.3–3.9) 1.9 (1.3–2.9) 4.4 (3.3–5.8)
45–54 3.2 (2.0–5.3) 3.3 (2.2–4.8) 6.8 (5.2–8.9)
55–64 4.9 (3.0–7.9) 4.9 (3.3–7.1) 10.9 (8.4–14.3)
65–74 7.1 (4.4–11.5) 6.9 (4.8–10.0) 16.1 (12.3–21.0)
75+ 11.5 (7.1–18.5) 11.3 (7.8–16.3) 31.7 (24.3–41.2)

Residential aged care 0.7 (0.6–0.9) 0.7 (0.6–0.8) 1.2 (1.1–1.3)
Indigenous: Ref

(Non-Indigenous)
ATSI 1.2 (1.0–1.4) 1.0 (0.8–1.2) 1.3 (1.2–1.4)

CCI: Ref (CCI score = 0)
Mild: CCI score (1–2) 3.3 (2.7–4.1) 3.4 (2.9–3.9) 2.9 (2.7–3.1)

Moderate: CCI score (3–4) 4.3 (3.5–5.2) 4.0 (3.4–4.7) 3.6 (3.3–3.9)
Severe: CCI score (≥5) 4.2 (3.5–5.2) 4.8 (4.1–5.5) 4.9 (4.5–5.3)

Ref = Reference category; ATSI = Aboriginal and/or Torres Strait Islanders; CCI = Carlson Comorbidity index.

We examined the estimated cause-specific hazard ratios for the risks of death asso-
ciated with severe infection and non-infective diseases for 30 days and 100 days after
hospitalisation and at the end of the 11-year study period. This revealed notable differences
in the risk of death according to whether the cause was infective or non-infective. Table 4
presents the cause-specific hazard model for death due to severe infection and non-infective
death for the 30-day, 100-day, and 11-year period. Being female reduced the cause-specific
hazard of severe infection and non-infective deaths (HR: 0.85, 95%CI: 0.76–0.95) and (HR:
0.83, 95%CI: 0.80–0.88). On the other hand, cause-specific hazards for death due to severe
infection continue to significantly decrease for females for the 11-year, 100-day, and 30-day
mortalities but not for non-infective cause.

Living in a residential aged care facility increased the cause-specific hazard of severe
infection death by 37% and non-infective death by 16% over the study period (Table 4).
However, the risk associated with residential aged care facilities was protective for the
30-day and 100-day mortalities, especially for non-infective deaths. We found that residen-
tial aged care facility, older age, and being Indigenous had a more pronounced effect on
the long-term cause-specific hazard of severe infection death than on non-infective death.
Interestingly, the degree of comorbidities had more of an effect on non-infective deaths
than severe infections, with severe comorbidities increasing the hazard of death more than
fivefold in all time periods.
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Table 4. Cause-specific hazard models for study cohort with 95%CI.

Characteristics
Severe Infection, HR (95%CI) Non-Infective, HR (95%CI)

30-Day 100-Day 11-Year 30-Day 100-Day 11-Year

Gender: Ref (Male)
Female 0.72 (0.57–0.90) 0.75 (0.62–0.90) 0.85 (0.76–0.95) 0.82 (0.73–0.92) 0.83 (0.76–0.91) 0.83 (0.80–0.88)

Age: Ref (0–4 years)
5–14 0.36 (0.04–3.03) 0.37 (0.04–3.05) 0.53 (0.11–2.51) 0.48 (0.14–1.70) 0.32 (0.11–0.92) 0.66 (0.37–1.14)
15–24 0.18 (0.02–1.50) 0.18 (0.02–1.52) 0.79 (0.28–2.28) 0.76 (0.33–1.74) 0.71 (0.39–1.29) 1.20 (0.83–1.74)
25–34 1.14 (0.38–3.41) 1.71 (0.62–4.71) 2.47 (1.09–5.620) 1.05 (0.51–2.17) 0.85 (0.50–1.45) 1.81 (1.30–2.53)
35–44 1.47 (0.53–4.09) 2.07 (0.78–5.49) 4.32 (2.01–9.28) 2.65 (1.44–4.90) 1.84 (1.17–2.89) 4.33 (3.21–5.84)
45–54 2.56 (1.02–6.47) 4.00 (1.64–9.73) 7.30 (3.50–15.21) 3.46 (1.91–6.25) 3.05 (2.00–4.64) 6.66 (4.98–8.90)
55–64 3.69 (1.50–9.07) 6.20 (2.60–14.74) 13.03 (6.33–26.82) 5.25 (2.94–9.39) 4.46 (2.95–6.75) 10.54 (7.92–14.04)
65–74 6.05 (2.51–14.57) 9.73 (4.14–22.88) 22.57 (11.01–46.24) 7.51 (4.22–13.36) 6.24 (4.14–9.41) 15.06 (11.31–20.04)
75+ 14.00 (5.91–33.13) 23.82 (10.26–55.29) 52.50 (25.72–107.17) 10.92 (6.16–19.38) 9.31 (6.19–14.00) 28.14 (21.17–37.41)

Residential aged care 0.68 (0.41–1.11) 0.91 (0.63–1.30) 1.37 (1.14–1.64) 0.71 (0.54–0.94) 0.65 (0.52–0.80) 1.16 (1.07–1.26)
Indigenous: Ref

(Non-Indigenous)
ATSI 1.21 (0.80–1.84) 1.32 (0.94–1.86) 1.44 (1.19–1.76) 1.20 (0.98–1.46) 0.96 (0.82–1.13) 1.24 (1.15–1.34)

CCI: Ref (CCI score = 0)
Mild: CCI score (1–2) 1.86 (1.28–2.72) 1.62 (1.20–2.20) 2.13 (1.74–2.59) 4.06 (3.20–5.14) 4.18 (3.49–5.01) 3.06 (2.79–3.35)

Moderate: CCI score (3–4) 2.71 (1.86–3.93) 2.08 (1.53–2.83) 2.76 (2.26–3.36) 5.02 (3.94–6.39) 4.93 (4.10–5.92) 3.74 (3.41–4.11)
Severe: CCI score (≥5) 2.24 (1.54–3.26) 2.08 (1.54–2.80) 3.24 (2.67–3.92) 5.21 (4.11–6.61) 6.03 (5.04–7.21) 5.27 (4.825.76)

Ref = Reference category; ATSI = Aboriginal and/or Torres Strait Islanders; CCI = Carlson Comorbidity index.

4. Discussion

We explored mortality patterns occurring in a cohort of patients discharged over
an 11-year period (TSV11) from a tertiary hospital located in North Queensland with
a diagnosis of an infectious disease. We found age-standardised mortality rates were
higher for Indigenous than non-Indigenous Australians and, mostly, for males compared
to females. We observed excess mortality in this hospital cohort compared to the general
Queensland population, and, again, this was higher in Indigenous patients. The measured
trend to increased mortality in patients managed in hospitals for infectious diseases has
previously been noted in an Australian study [5]. Other studies have also reported a higher
hospital mortality risk than the general population [5,21].

In this study, we assessed separately the risk factors for short-(30-day), mid-(100-day)
and long-term (11-year) mortality for all-cause, severe infection and non-infective COD.
Studies of long-term mortality exist for organ-specific infections such as community-
acquired pneumonia [22] and sepsis syndrome [23]. These studies showed high rates of
all-cause, respiratory infection and cardiovascular mortality. At least one study of long-
term morbidity in community-acquired pneumonia used a population-based case-control
methodology [22]. However, there are few studies of mortality for inpatient cohorts.

Previous studies have reported gaps in life expectancy between Indigenous and
non-Indigenous people and a higher premature adult death among Indigenous peoples
from Australia and New Zealand than non-Indigenous [8,9]. This has been attributed to
historical and socio-economic factors [9,24]. By comparison, a Scottish study showed only
a relatively small contribution of socio-economic disadvantage to increased mortality in
large patient cohorts from Scottish hospitals [25]. We were able to confirm that mortality
is higher among Indigenous patients in this cohort, however, we were not been able to
advance the information about every specific cause for this observation. Among the TSV11
cohort of patients discharged from a Northern Australian hospital with an ICD-10-AM code
for infectious disease, long-term mortality was more likely to be due to severe infection
than non-infectious diseases for male sex, elderly, residential aged care and Indigenous
people. This is consistent with previous observational cohort studies that found sepsis to
be associated with an increased risk of deaths [26].

We have demonstrated a strong relationship between age groups and mortality. Sur-
vival rates declined significantly after the age of 14 years for short-, medium- and long-term
mortality. As expected, patients older than 74 years had the highest hazard of death after
adjusting for other variables. The differences in mortality risk for the older age group
were notably higher for severe infection compared with non-infective COD, and more
pronounced for long-term mortality. This is not surprising, as older age has been associated
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with longer hospital stays and infection disease due to the frailty and relatively impaired
immune system function of these patients [27,28].

Multiple comorbidities measured by the increased Charlson comorbidity index (CCI)
score were a strong significant predictor of deaths in this study. Although increasing CCI
score is significantly associated with increased mortality risk, it was higher for non-infective
deaths compared to severe infection and was also associated with long-term mortality.
Previous studies found that increased comorbidity is a predictor of short- to long-term
mortality [29,30].

In patients who reside in aged care facilities, we observed a reduction in the risk
associated with short-term mortality for all-cause, severe infectious disease and non-
infective COD [31]. However, expectedly, the risk of death increases for a longer observation
period and is higher for severe infection than for non-infective COD. Research has indicated
that frailty is a predictor of mortality and hospitalisation among residents of aged care
facilities [31].

It is necessary to acknowledge the limitations of this study. While we used ICD10-
AM codes to identify severe infectious and non-infectious disease, which has potential
coding limitations, previous Australian research pertinent to our work showed very high
agreement between ICD10-AM coding and chart reviews to confirm clinical diagnoses of
pneumonia [32,33]. Many of the ICD codes that we used to define severe infection encoded
sepsis. For example, A41 codes describe sepsis due to various pathogens. The presence of
septic shock may be additionally coded as R57.2. As the data used were anonymised, we
had no opportunity to review individual records to check whether the R57.2 septic shock
code had been universally included by non-clinical hospital coders. With this in mind, we
chose not to attempt to perform a formal sub-analysis on a possible link between septic
shock and increased infectious diseases mortality. We would expect such an association
to exist. This study was based on data sets from a single hospital in a regional area of
the Australian tropics. We did not focus on tropical infectious diseases such as imported
cases of malaria or dengue as the included ICD-10-AM discharge codes reflect severe
infection due to all manner of infectious diseases. Overall, it must be kept in mind that any
broader generalisation to other hospital populations, tropical or otherwise, must be made
with caution.

Despite these limitations, the findings in this study emphasise the value of using
a big health data approach, adding value through the reuse of hospital administrative
and clinical databases. This approach has afforded an opportunity to calculate adjusted
all-cause and severe infection mortality. This study contributed to the existing literature by
exploring in more detail the mortality risk due to severe infections. The empirical analysis
added to current research by showing that long-term mortality due to severe infection is
higher for males, Indigenous people, those living in residential aged care and the elderly. It
also showed that overall mortality is higher for the Indigenous population in a regional
area than the general population.

5. Conclusions

This study is the first to describe long-term mortality in a cohort of patients admitted
to a tropical Northern Australian hospital with severe infectious disease. We have shown
that mortality in this cohort is substantially increased compared with the general popu-
lation. Indigenous patients have a higher long-term mortality rate than non-indigenous
individuals and for severe infection than non-infective deaths, respectively. This study
further enumerates the health inequalities observed among subgroup communities and the
need to ‘close the gap’. In conclusion, our findings suggest that long-term mortality risk is
high for severe infection and among the Indigenous population. The health implications
and burdens associated with sepsis and pneumonia, as demonstrated in this study, call for
a community-based and well-coordinated strategy for the prevention and control of these
infectious diseases in regional areas.
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