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Abstract

While treatment for burn injury has improved significantly over the past few decades, reducing mortality and improving
patient outcomes, recent evidence has revealed that burn injury is associated with a number of secondary pathologies,
many of which arise long after the initial injury has healed. Population studies have linked burn injury with increased risk
of cancer, cardiovascular disease, nervous system disorders, diabetes, musculoskeletal disorders, gastrointestinal disease,
infections, anxiety and depression. The wide range of secondary pathologies indicates that burn can cause sustained
disruption of homeostasis, presenting new challenges for post-burn care. Understanding burn injury as a chronic disease
will improve patient care, providing evidence for better long-term support and monitoring of patients. Through focused
research into the mechanisms underpinning long-term dysfunction, a better understanding of burn injury pathology may
help with the development of preventative treatments to improve long-term health outcomes. The review will outline
evidence of long-term health effects, possible mechanisms linking burn injury to long-term health and current research
into burns as a chronic disease.
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Background
Burn injury is a major public health issue, with an esti-
mated 11 million incidences globally per year resulting
in more than 300,000 deaths [1]. Burns are complex
traumatic injuries, and much of the focus of research
and clinical treatment has been on the acute trauma, ap-
propriate surgical intervention and survival with reduced
scarring. However, it is increasingly being acknowledged
that burn injury can result in sustained and severe
physiological and psychological problems. Some of these
long-term effects have been well documented in the
clinic, stemming from the prolonged healing period and
the resulting physical scars. Other long-term health ef-
fects have been less well described. Recently, there has
been increasing evidence of long-term health effects of a
burn injury. Notably, the long-term effects have been
observed after both severe and non-severe burns (< 20%
total body surface area (TBSA)). This is significant, as
the vast majority of burn patients, particularly in

developed countries, suffer non-severe injuries. The re-
view will outline evidence of long-term health effects,
possible mechanisms linking burn injury to long-term
health and current research into burns as a chronic
disease.
Our initial literature search involved searching PubMed

for articles containing the words “burn” AND “long-term”.
This search returned 1274 references, 170 of which were
identified as relevant to the topic of long-term health im-
pacts of burn injury. Of these 170 references, 68 were about
the long-term effects on mental health (the most well-
known impact and therefore not a major focus of this re-
view), 41 were discussing the long-term impacts of specific
treatment regimens or specific types of burn and 30 were
referring to what we consider to be acute stage (< 1 year
post-burn). The remaining 31 references were all used in
this review. The relatively small number of relevant publi-
cations returned by this search is indicative of the lack of
research in this area, mainly due to the fact that many of
the secondary pathologies discussed in this review were
only linked to burn recently by long-term population stud-
ies. However, the data from these recently published studies
will undoubtedly guide future research and lead to a better
understanding of the overall impact of burn injury.
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Review
Long-term pathophysiology of burn injury
Metabolic changes, scarring and mental health disorders
Compared to other traumatic injuries, burn patients face a
prolonged healing process and are often left with physical
and mental scars. Hypermetabolism is a well-characterised
acute impact of burn [2]; however, recent evidence has
shown that these changes persist in some manner years
after the initial injury (reviewed in [3]). A study of 977
paediatric patients with severe burns analysed a variety of
clinical markers and found that patients were still in a hy-
permetabolic state 3 years post-injury [4]. The persistence
of the hypermetabolic state results in sustained loss of
muscle mass and bone density [5, 6]. An increase in
muscle protein synthesis occurs in this hypermetabolic
state, with a higher rate of protein degradation resulting in
chronic amino acid loss that is sustained up to 1 year
post-burn injury [7]. The respiratory capacity of muscle
mitochondria also remains significantly reduced in burn
patients 1 year post-injury [8], and muscle strength in pa-
tients with severe burns remains weaker at 1–5 years post-
burn follow-up [9]. Loss of bone density as a result of in-
flammatory bone resorption and osteoblast apoptosis in
paediatric patients with severe burns also persists long
after the initial healing process [10].
While mortality rates for burn patients have signifi-

cantly improved, hypertrophic scarring is a major long-
term concern for survivors, especially for paediatric pa-
tients and patients suffering severe burns. Burn healing
results in the deposition of excessive and disorganised
extracellular matrix, reducing the pliability of scars. In
hypertrophic scar, myofibroblasts persisting in the
wound post-healing leads to continued contraction [11].
Treatments for scar include compression garments,
massage, laser therapy, steroids and surgery [12], but
there is a continued need for targeted therapies to re-
duce scar burden. Surgery may be required for hyper-
trophic scars that do not respond to other treatments, as
depending on the location of the injury, scars can signifi-
cantly impact movement and joint function.
Because of the context and severity of burn injuries,

patients often suffer mental health problems during and
long after the acute healing phase. Mental health disor-
ders including post-traumatic stress disorder (PTSD)
have been reported in burn patients more than a year
after injury [13], and in one study of 90 burn patients 1–
4 years postburn injury, 10% of patients suffered from
major depression, 10% from anxiety and 7% from PTSD
[14, 15]. Patients with severe burns also frequently suffer
from chronic persistent pain, which can have a signifi-
cant impact on patient well-being in daily life. In a sur-
vey of 358 patients with severe burns, 52% of
respondents reported suffering ongoing burn-related
pain, despite their injuries occurring an average of 11

years prior [16]. The associated physical scars that re-
main after the burn has healed also contribute signifi-
cantly to the pain and mental distress experienced by
these patients [17].

Population studies identify long-term health impacts of
burn injury
While clinical observations of hypermetabolism and the
effects of burn injury on mental health and chronic pain
have been reported for a number of years, other long-
term impacts of burn injury have only recently been un-
covered. The Western Australian (WA) Population-based
Burn Injury Project is the most comprehensive long-term
study of burn injury to date. This project undertaken by
researchers from the Fiona Wood Foundation used linked
hospital morbidity and death data from Western Australia
from all patients hospitalised for a first burn injury from
1980 to 2012 (n = 30,997) and a randomly selected, fre-
quency matched uninjured comparison cohort (n = 127,
000). The burn injuries included minor (49% of patients)
and severe burns (4%) (the severity of the remaining 47%
were unspecified), with a range of depths. The scope of
this data has allowed the investigation of the long-term
impact of burn from many different angles. The major
findings of these studies are summarised below and in Fig.
1, and the potential cause(s) of these correlations will be
discussed in more detail later.

Increased mortality
One of the first findings from the WA studies was that
burn injury that requires hospitalisation results in higher
long-term mortality rates for both children and adults.
Paediatric burn patients had a 1.6 times (1.6×) higher
age-adjusted mortality rate when compared to uninjured
children over the 33-year study period, and this risk was
increased in patients with severe burns compared to
minor burns [18]. This increase in mortality was also
seen in adolescents, young and middle-aged adults (aged
15–44 at the time of injury), who had a 1.8× higher mor-
tality rate than observed in the uninjured cohort [19],
and in older adults (45+), who had a 1.4× higher mortal-
ity rate [20]. Middle-aged and older adults who died dur-
ing the follow-up period from the burn cohort were also
statistically significantly younger than those in the unin-
jured cohort (43 vs 47 [19] and 76 vs 82 [20]). In support
of these findings, another recent population study
followed 1965 burn survivors and 8671 matched con-
trols (mean age 44 years) for a median of 5 years. They
found that the 5-year mortality was significantly in-
creased among burn survivors, from 4% in controls to
11% in burn survivors [21].
Interestingly, comparing the effects of minor and severe

burns in adults, minor burns were associated with a larger
increase in mortality. This observation is supported by
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another hospital study that followed 365 critically ill adult
burn patients who survived to hospital discharge found
that patients with less severe burns had increased 5-year
mortality compared to survivors with major burns [22]. A
reason for this may be that individuals who survive major
burns are strong physiologically, which provides a survival
advantage post-hospital discharge. Another significant
finding of these mortality studies is that in the adolescent,
young and middle-aged adult cohort, females were found
to have a higher increase in mortality compared to males
[19]. The causes of death are varied and burn patients ap-
pear to be more at risk from deaths of all causes, including
accidental and violent deaths [23].

Increased risk of disease
The population study revealed that burn patients fre-
quently return to hospital for other conditions, indicat-
ing burn injury is associated with an increased risk of
disease. These links are discussed below.

Cancer—all types
Duke et al. analyzed a sub-cohort of burn patients who
were admitted to hospital between 1983 and 1987
(chosen as this group has the optimum follow-up time),
which showed there was a 1.39× increase in cancer inci-
dence in females compared to the matched uninjured
cohort [24]. In this study, TBSA of the burn but not

burn depth was associated with increased risk, with pa-
tients with severe burns found to have a 1.81× increased
risk of cancer of all types. To strengthen this data, a sec-
ond cohort of burn patients from Scotland was analysed.
This cohort consisted of more than 38,000 patients ad-
mitted to hospital and followed up during the period
from 1983 to 2008. This study showed a modest but sig-
nificant increase in overall cancer risk for both genders
and increase in cancer incidence in females, confirming
the results from the WA study [25]. In this second
paper, the types of cancer were also considered. Burn pa-
tients across all cohorts, genders and age groups had sta-
tistically significant increases in cancer of the buccal
cavity, larynx, liver, respiratory tract and oesophagus. In
addition, female burn survivors had higher incidences of
breast and genital cancer.

Infectious disease
Burn injury increases susceptibility to infectious diseases,
with higher rates of hospital admissions for infectious dis-
eases found in both severe and minor burns, and the burn
cohort was found to have a mortality rate 1.75× higher
than the uninjured cohort [26]. Burn patients of all ages
were found to have higher admission rates for influenza
and viral pneumonia, bacterial pneumonia and other re-
spiratory infections [27]. For these studies, patients with
evidence of smoke inhalation of injury to the respiratory

Fig. 1 Long-term pathological effects of burn injury. Burn injury is associated with an increased risk of numerous secondary pathologies. The
human body schematic is a copyright free image obtained from google images

Barrett et al. Burns & Trauma            (2019) 7:23 Page 3 of 9



tract were removed. Admission rates for respiratory dis-
eases were highest during the first 5 years post-burn; how-
ever, they remained elevated compared to the uninjured
cohort for the duration of the 33-year study period.

Gastrointestinal disease
Boyd et al. and Stevenson et al. showed that both chil-
dren and adults who experience a burn injury hospital-
isation are at increased overall risk of developing
gastrointestinal disease [28, 29], which includes diseases
of the oesophagus, stomach, duodenum and intestines,
noninfective enteritis and colitis, and disorders of the
gallbladder, biliary tract and pancreas. The paediatric
burn cohort were found to have higher admission rates
and spent longer in hospital than the uninjured cohort
[28]. These data were similar in adults, who had more
admissions and spent longer in hospital than the
matched uninjured cohort [29]. This risk in adults was
shown to decrease over time; however, rates of hospital
admission did remain above the control group for the
duration of the study period.

Negative impacts on the cardiovascular system
Paediatric burn patients had a higher rate of hospital ad-
missions and days spent in hospital for circulatory dis-
eases compared to the uninjured cohort [30]. Gender-
specific analysis revealed this effect is more prominent
in boys, with admissions remaining higher more than 20
years after the initial burn injury. A recent study in ado-
lescent survivors of severe burns obtained during child-
hood found that burn injury is associated with
myocardial fibrosis and reduced exercise tolerance [31];
however, more research is needed into non-severe burns
and the mechanisms behind this increased risk in paedi-
atric patients.
The increased risk of circulatory diseases was also seen

in the adult cohort, with 1.46× more admissions and 2.9×
more days spent in hospital [32]. More specifically, adult
burn patients had a higher risk of ischaemic heart disease,
heart failure and cerebrovascular disease, demonstrating
burn injury has long-lasting systemic effects that impact
on the heart and circulation [32]. These effects were also
maintained in the sub-cohort of adult patients with non-
severe burn injury [33].

Diabetes
Duke et al. found that the burn cohort had 2.21× more
admissions for diabetes mellitus compared to the unin-
jured cohort. This increase was comparable amongst
both genders and in both paediatric and adult patient
cohorts and remained elevated for 5 years post-burn,
after which there was no significant difference [34].

Musculoskeletal diseases
As discussed earlier, burn injury induces negative and sus-
tained impacts on muscle and bone health. Randall et
al. demonstrated that burn patients had nearly twice the
hospital admission rate for musculoskeletal conditions
compared to the uninjured cohort and spent longer in
hospital, which included arthropathies, dorsopathies, oste-
opathies and soft tissue disorders [35]. Rates of fractures
were also higher in the burn group, and this was signifi-
cantly higher in females compared to males [36]. The ad-
mission rates for all musculoskeletal disorders remained
high for the duration of the study and was elevated in all
ages groups [37], demonstrating that both minor and se-
vere burn injuries can affect muscle and bone integrity for
at least 20 years post-injury. Holavanahalli et al. that used
a self-report measure to investigate musculoskeletal im-
pacts, patients who had sustained burn injuries an average
of 17 years earlier reported joint pain and stiffness, prob-
lems walking and running and weak arms and hands [38].
The long-term impact of burn on musculoskeletal health
has also been recently reviewed in depth [39].

Negative long-term impacts on the nervous system
Burn patients of all ages and genders included in the
WA study were found to be at risk of nervous system
conditions post-burn, with the burn cohort presenting at
hospital more frequently than the uninjured cohort and
spending 3.25 times the number of days in hospital [40].
Conditions with increased prevalence in burn patients
include episodic and paroxysmal disorders such as epi-
lepsy and migraine and nerve, nerve root and plexus dis-
orders [41]. Hospital admissions for these conditions
were significantly elevated during the first 5 years post-
burn and were found to be sustained in paediatric pa-
tients for an extended period of 15 years post-burn.

Summary of population studies
The data from the WA population study revealed that
burn injury has a wide range of significant long-lasting
negative impacts on the overall health of patients and
that these effects can also occur after a non-severe burn.
This is an important finding and demonstrates the need
for a greater understanding of the cellular and molecular
effects of burn. The current knowledge regarding the ef-
fects of burn on long-term cellular function is discussed
in detail in the next section.

Understanding the long-term impact on endocrine and
immune system dysfunction in burn survivors
Burn injury has significant impacts on the endocrine
and immune systems, and it is becoming evident that
many of these changes are sustained long-term. To date,
most long-term studies into these disruptions in burn
patients have been done in severely burned paediatric
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patients. However, the results from the hospital data in-
dicate that patients of all ages with non-severe burns
also suffer from these dysfunctions [25, 27]. Hormones
are known to influence the immune system, and emer-
ging evidence suggests that the numerous secondary
pathologies associated with burn injury are the result of
synergistic dysfunctions in these systems, with sustained
changes in endocrine homeostasis contributing to long-
term immune suppression that is characteristic of burn.

Endocrine changes
Following burn there is a rapid release of inflammatory
cytokines, catecholamines and cortisol, initiating the hy-
permetabolic response and catabolic state. A recent
study of severely burned children found that levels of
urinary norepinephrine and cortisol remained signifi-
cantly elevated 3 years post-burn [4]. These are stress
hormones which inhibit lymphocyte proliferation as well
as the activity of CD8+ T cells, natural killer (NK) cells
and activated macrophages [42]. They also activate mast
cells, leading to degranulation and the release of hista-
mine, which stimulates the production of T helper type
2 (Th2) cytokine interleukin (IL)-10 and causes further
vasodilation. Activation of the stress system suppresses
the T helper type 1 (Th1) immune response (cellular im-
munity, generally pro-inflammatory) and favours a Th2
response (humoral immunity, generally anti-
inflammatory). A healthy balance of Th1/Th2 responses
is a hallmark of a normally functioning immune system
and burn clearly disrupts this balance. Although the re-
lease of stress hormones is a normal response to trauma,
a sustained increase in their expression as seen after
burn can have detrimental effects and contribute to
long-term immune suppression [43].
Other hormonal changes that occurred after burn in

the paediatric study included a significant decrease of
serum osteocalcin, parathyroid, insulin growth factor,
insulin-like growth factor binding protein-3 and human
growth hormone (GH) which were sustained at the 3-
year time point and an increase in serum progesterone
up to 2 years post-burn, indicative of long-term hormo-
nal imbalance in these patients [4]. The more severe the
burn, the greater the dysfunction; one study showed that
children with burns > 80% TBSA had higher resting en-
ergy expenditure and urinary cortisol levels than patients
with smaller burns [44]. Progesterone, which was shown
to be increased in patients long after the initial healing
process, exerts an immunosuppressive effect, reducing
the activity of macrophages and NK cells and promoting
a type 2 (Th2) immune response [45]. The Th2 shift
may also be driven by the increase in catecholamines,
which have been shown to inhibit Th1 and stimulate
Th2 cytokine secretion [42]. GH, which is decreased
after burn, also modulates the Th1/Th2 responses, with

a mouse study looking at the effect of administering GH
to burned mice showing that GH increases the produc-
tion of Th1 cytokines interferon (IFN)-y and IL-2 [46]. It
is evident that burn injury disrupts endocrine homeosta-
sis and that this has long-term consequences for im-
mune function.

Immune system changes
Compared to non-burn trauma, burn injury triggers a
greater and more sustained inflammatory response [47].
Following an initial pro-inflammatory Th1 response
where the release of cytokines such as tumor necrosis
factor (TNF)-α and IL-6 activates the stress system [46],
there is a rapid and sustained increase in IL-10 levels
[42]. IL-10 is a Th2 cytokine that induces T regulatory
cells and suppresses Th1 responses, leading to a defi-
cient response to infection as a result of reduced cyto-
toxic T cell activity [48, 49]. IL-10 has also been shown
to stimulate the activation of mast cells, promote
humoral immunity by differentiating B cells and inhibit
macrophage activation and T cell proliferation [42]. In
addition to IL-10, a more recent study showed that other
Th2 cytokines such as granulocyte-macrophage colony-
stimulating factor (GM-CSF), TNF-α, IL-2 and IL-17
also remain elevated up to 3 years post-burn [4]. During
the early immune response, there is also increased T
regulatory cell activity [50, 51], which is generally indica-
tive of a suppressive immune phenotype.
While immune dysfunction has been recognised in the

literature as a consequence of burn injury for more than 2
decades, the persistence of this dysfunction has only re-
cently been investigated. A study investigating the effect
of burn injury on immune function analysed cytokine re-
lease and immune cell populations in mouse models of
burn and excision injuries at different time points [52].
Levels of inflammatory cytokines were measured in the
serum of control, burn and excision groups taken on day
1, 3, 7 and 84 postburn injury, and whole blood was taken
for analysis of immune cell populations. Comparison be-
tween the injury models confirmed that the response to a
burn injury as opposed to an excision wound of the same
size and depth is significantly different in both the innate
and adaptive immune responses. In the acute phase re-
sponse, the timing and profile of inflammatory cytokine
production is significantly different between the two injury
models. Increases in monocyte chemoattractant protein 1
(MCP1), MIP1α and MIP1β after burn injury lead to an
increased number of monocytes at day 3 post-burn, dem-
onstrating there are changes in immune cell populations
early on. Changes in dendritic cell populations at day 28
are indicative of a reduced ability to prime T cells. At the
long-term time point (day 84 postburn injury), burn-
injured animals sustained a significant increase in IL-10
and decreased total numbers of white cells and
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lymphocytes in comparison to both control and excision
wounded animals [52].

Studies in viral infection
Results from the population study highlighted a link be-
tween severe and non-severe burn injury and the subse-
quent development of respiratory infections. This
included influenza and bacterial and viral pneumonia.
To investigate this link, Fear et al. conducted a study in
pre-clinical mouse models to examine the susceptibility
to viral infection following a non-severe burn injury
[27]. Mice exposed to the influenza virus 4 weeks post-
burn injury were shown to have increased viral titre in
the bronchoalveolar lavage fluid and lung tissue. Ana-
lysis of the immune cell subsets showed that the CD8+
T cell proliferative response was diminished, and there
were increased numbers of NK and natural killer T cells
in the draining lymph nodes, indicating immune cell
dysfunction [27]. In another recent murine study, it was
found that burned mice were more susceptible to re-
peated infections which resulted in diminished innate
immune cell function and increased anti-inflammatory
environment [53].

Disruption of homeostasis and heart disease
Aside from the link with the development of infectious
diseases, immune dysfunction in burns is likely to con-
tribute to other secondary pathologies highlighted in the
population studies. The excessive inflammatory response
seen in the acute phase of burn healing could contribute
to gastrointestinal damage, and changes in gut perme-
ability after burns leads to increased risk of infection
and endotoxin absorption [54]. Excessive hypermetabo-
lism and immune changes after burn also have been
shown to induce insulin resistance long-term, resulting
in the heightened risk of diabetes associated with burn
injury [34, 55]. Inflammation, stress and hypermetabo-
lism are likely to play a role in cardiac dysfunction after
burn. Catecholamines, which are persistently elevated in
burn, induce cardiac dysfunction by inducing Ca2+ over-
load in cardiomyocytes and producing damaging oxida-
tion products [56].

Cancer
Data from the population studies demonstrated that
burn patients have an increased risk of cancer [25]. The
immune system plays an important role in cancer pre-
vention, and therefore suppression of the immune sys-
tem can lead to an increased risk of cancer [57]. Stress/
hormone-induced immune suppression impairs the
function of NK cells, which are critical to immune sur-
veillance [58]. In addition, reduced activation of cyto-
toxic T cells reduces the chance of mutant cells being
effectively removed following detection. In general, Th2

immunity is thought to enable tumour cells to evade im-
mune surveillance more effectively [59]. Stress hormones
also stimulate cell migration and invasion, suggesting a
potential direct role in cancer growth and progression.
For example, norepinephrine has been shown to increase
the invasiveness of nasopharyngeal and ovarian cancer
cells via the induction of matrix metalloproteinases
which regulates angiogenesis [43]. High levels of hista-
mine and mast cells have also been found in colorectal
and breast cancer tissues [60].

Cancer risk and gender dimorphism postburn injury
Acute and long-term outcomes for burn patients are im-
pacted by gender. In non-burn trauma, females generally
have lower mortality and a lower risk of complications
such as sepsis and organ failure as a result of more effi-
cient innate and adaptive immune responses [61]. How-
ever, in burn, this is reversed, with males showing a lower
risk of secondary complications and having an overall bet-
ter prognosis [62, 63]. As mentioned previously, female
burn patients have a heightened risk of cancer; however,
the WA population study found no difference in cancer
incidence between male burn patients and uninjured con-
trols [24]. This is a significant finding, especially consider-
ing males generally face a higher risk of cancer [64]. It is
well known that the immune response is gender di-
morphic, and sex hormones are likely to play an important
role. Understanding this dimorphism and how it impacts
outcomes after burn injury may provide vital clues to the
mechanisms underlying the increase in cancer susceptibil-
ity in females.
A study in infected ovariectomised female mice found

that they had a higher survival rate than control mice, in-
dicating a role for oestrogen in immune function [65].
However, the effect of oestrogen on immune function is
complex and not fully understood. Oestrogen receptors
are found on numerous immune cells including B and T
cells, NK cells, monocytes and macrophages [66]. In preg-
nancy, immune responses are altered to prevent foetal re-
jection, a process modulated by sex hormones including
oestrogen and progesterone resulting in reduced activity
of macrophages, NK cells and Th1 cells and a higher ac-
tivity of T regulatory cells [67]. This is similar to the im-
mune phenotype seen after burn injury. Pregnant women
are also more susceptible to infectious diseases such as in-
fluenza [68]. Bird et al. have shown that physiological
levels of oestrogen stimulate the immune response, while
high levels of oestrogen such as those found in pregnancy
have the opposite effect, causing immunosuppression [66].
Burn injury causes an increase in oestrogen levels in mice,
and it has been hypothesised that this results in levels re-
sembling pregnancy (immunosuppressive), while levels in
male mice reach the levels of uninjured females (immu-
nostimulatory) [69]. These results provide evidence for a
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likely role of oestrogen in gender dimorphism in burn
injury.
Aside from oestrogen, other hormones may also play a

role. Prostaglandin E2, which plays a role in mediating
the cellular immune response by inhibiting T cell prolif-
eration and macrophage antigen presentation, was
shown to be increased in burn-injured female but not
male mice 10 days post-injury [70]. Another factor that
could play a role in burn injury gender dimorphism is
mast cells. Mast cells are regarded as effector cells of al-
lergic reactions, stimulating a Th2-type response.
Mackey et al. showed that gene expression in mast cells
is significantly different between males and females, with
more than 8000 differentially expressed genes [71]. In
mice, female mast cells were shown to possess an in-
creased capacity for mediator synthesis and contained
higher levels of histamine, tryptase, and chymase in their
granules, which are released during times of stress and
cause vasodilation, increased vascular permeability and
increased production of reactive oxygen species [71].
The increased activation of mast cells in females follow-
ing burn could contribute to poorer outcomes in both
the short and long term.
In summary, burn injury is associated with a rapid

influx of stress hormones and inflammatory factors
resulting in a hyperactive acute innate response,
followed by a switch to a Th2-type immune response
and subsequent immune suppression that is sustained
long-term (Fig. 2). We hypothesise that sustained im-
mune suppression and disruption of homeostasis fol-
lowing burn injury underpins the development of

numerous secondary pathologies. Stress arising from
the burn and other factors such as pain may exacer-
bate this immune suppression [16], so better manage-
ment of burn injury in the clinic could already be
improving the impact of burn on immunity. However,
more research needs to be done to fully understand
the impact of burn on the immune system and the
mechanisms that underpin the persistence of immune
dysfunction, as well as whether there are specific pa-
tient groups at risk. Future studies will then enable the
development of preventative treatments that could
ideally be administered during the acute healing phase
of burn care in order to reduce the risk of secondary
complications. This will be beneficial to both the indi-
vidual and the community by increasing the quality of
life of burn survivors and reducing the burden on the
health system and families of patients. Considering
many burn patients are children and may face these com-
plications relatively early in life, understanding burn injury
as a chronic disease is an important step towards better
burn care. In addition, the strong links between non-
severe burn and secondary complications highlight the
need for more in-depth studies on non-severe burns as
opposed to severe burns, which to date have received
more focus in the research community.

Conclusions
While acute clinical treatment for burns has improved
significantly over the past few decades resulting in sig-
nificantly higher rates of survival, there is increasing evi-
dence of lifelong impacts of burn injury. Recent findings

Fig. 2 Endocrine and immune system changes following burn injury. Burn injury triggers the immediate release of pro-inflammatory cytokines,
catecholamines and stress hormones, followed by a counter anti-inflammatory response and a shift towards a T helper type 2 (Th2) immune
environment. Activation of mast cells contributes to this phenotype which is thought to be sustained, resulting in long-term suppression of the
immune system. IL interleukin, NK natural killer
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suggest burn injury can be considered a chronic disease,
with secondary morbidity most likely linked to sustained
changes to immune function. Future studies to under-
stand the mechanisms involved will be critical to change
clinical treatment pathways and reduce the long-term
burden of burn injury for patients.
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