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Abstract

Burn damage can lead to a state of immune dysregulation that facilitates the development of

infections in patients. The most deleterious impact of this dysfunction is the loss of the skin’s

natural protective barrier. Furthermore, the risk of infection is exacerbated by protracted hospi-

talization, urinary catheters, endotracheal intubation, inhalation injury, arterial lines and central

venous access, among other mainstays of burn care. Currently, infections comprise the leading

cause of mortality after major burn injuries, which highlights the improvements observed over

the last 50 years in the care provided to burn victims. The need to implement the empirical

selection of antibiotic therapy to treat multidrug-resistant bacteria may concomitantly lead to an

overall pervasiveness of difficult-to-treat pathogens in burn centres, as well as the propagation of

antimicrobial resistance and the ultimate dysregulation of a healthy microbiome. While preliminary

studies are examining the variability and evolution of human and mice microbiota, both during the

early and late phase burn injury, one must consider that abnormal microbiome conditions could

influence the systemic inflammatory response. A better understanding of the changes in the post-

burn microbiome might be useful to interpret the provenance and subsequent development of

infections, as well as to come up with inferences on the prognosis of burn patients. This review

aims to summarise the current findings describing the microbiological changes in different organs

and systems of burn patients and how these alterations affect the risks of infections, complications,

and, ultimately, healing.
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Background

Burn injuries are a frequent source of morbidity and mor-
tality worldwide. For example, in the USA alone, around
half a million people have burn injuries [1]. As a matter of
fact, 40 000 injured subjects are referred to an emergency

department every year [1]. Moreover, as many as 75% of
these patients are admitted to a specialized burn unit [1,2]
and three-fourths of the deaths recorded are associated with
sepsis and complications from infections in severely burned
victims [2].
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As an instant systemic inflammatory response spreads
throughout the body, other organs may also be affected [3].
In addition to the skin, inflammation in the lungs, liver
and intestines can also be observed after burn damage [4].
Notably, in the gastrointestinal tract, burn injuries cause
mesenteric vasoconstriction and produce a hypoxic environ-
ment, as shown in previous publications [3, 4]. Therefore,
the reperfusion of blood to these tissues leads to a profound
variation in oxygen levels, resulting in cellular stress, necrosis
and, ultimately, a breakdown of the epithelial barrier. The
latter is characterized by an increase in intestinal permeability
and the displacement of the bacteria to the mesenteric lymph
nodes [3, 4].

The risk of infection for burn patients is aggravated by
additional factors such as protracted hospitalization, urinary
catheters, endotracheal intubation, inhalation injury, arterial
lines and central venous access [2]. Additionally, the compo-
sition and biodiversity of the microbiome can be affected by
diet, environment, medication, infection, inflammation and,
eventually, burn injuries as well [5–8] (Figure 1). On the first
day after a severe burn, Gram-negative aerobic bacteria can
fill up the gastrointestinal tract [5], leading to physiological
conditions that enable opportunistic pathogens to overgrow
and invade the host. Therefore, it is paramount to understand
that the disequilibrium of the microbiome occurs only after a
complication, such as an injury, and that commensal bacteria
can play a crucial role in bacterial translocation, barrier
dysfunction and sepsis. We aim to summarise the current data
collected on alterations in the gut, skin and lungs, those being
the most studied compartments, and how such changes can
lead to the development of infections and complications while
also contributing information that would aid in the healing of
burn victims.

Epidemiology and risk factors for infections

in burn patients

The timeline of hospital-associated infections in patients with
burn injuries is completely predictable. It is frequent for skin
and soft tissue infections to arise during the first week of
hospitalization. Meanwhile, pneumonia, bloodstream infec-
tions and urinary tract infections tend to appear later. Accord-
ingly, there is a clear preponderance of Gram-positive rods
over Gram-negative bacteria at the early onset of infection.
Nonetheless, the exact opposite can be observed later [2],
which correlates with the median onset of infection, that is,
30 days after admission [9]. Therefore, the length of hospital-
ization is proportional to the type of bacteria isolated from
the burn patient, as shown in several studies. A retrospective
study conducted in a Canadian burn centre involving 125
admitted burn victims showed that Pseudomonas aeruginosa
(P. aeruginosa) was rarely present within the first week of hos-
pital admission [10]. However, the presence of P. aeruginosa
increased to 55% of patients assessed 28 days after admission.

The opposite could be observed for Haemophilus influen-
zae. On average, it was isolated from 36% of the patients

during the first week, yet it declined to virtually zero in the
following 7 days [10]. A similar increase in P. aeruginosa was
identified in a study of 5524 burn patients from 2004 to 2013.
The latter demonstrated that Gram-positive organisms tend
to appear earlier when compared with Gram-negative ones
[9]. Although the time of hospitalization is related to several
clinical characteristics, such as burn extent and presence of
inhalational injury, hospital length of stay is one of the signif-
icant risk factors for infection by multidrug-resistant (MDR)
bacteria in burn victims. Infection-attributable mortality in
burn patients ranges from 50 to 75% [11, 12] and infections
caused by MDR bacteria increase mortality from 42 to 86%
in patients with burn-related sepsis [2, 13–15].

Likewise, the risk factors for the acquisition of MDR that
are usually associated with other patient populations, such
as the use of urinary catheters, endotracheal tubes and other
invasive medical instruments, as well as past antibiotic expo-
sure, have also been reported for the burn group. In the previ-
ously mentioned Canadian study involving 125 patients, 6%
had isolates that tested positive for MDR during the first week
of hospital admittance. That percentage grew to 44% after
28 days [10]. Additionally, in a study of 5000 patients with
burn injuries, the rate of infection by MDR Gram-negative
bacteria demonstrated a significant rise during their hospital
stay [9]. Data show that in the first 7 days after admission, the
rate of Enterobacteriaceae was 0.04 for carbapenem-resistant
Enterobacteriaceae (CPE), 0.26 for extended-spectrum β-
lactamase-producing Enterobacteriaceae (ESBL-E) and 0.52
for fluoroquinolone-resistant Enterobacteriaceae [9]. How-
ever, from the fourth week onwards, the rates increased to
0.82 for CPE, 0.46 for ESBL-E and 2.61 for fluoroquinolone-
resistant Enterobacteriaceae [9]. The specific rates for MDR
Pseudomonas spp. went up from 0.04 per 1000 patient-
days during the first 7 days of hospitalization to 1.85 per
1000 patient-days from week 4 onwards [9]. The spread
of antimicrobial resistance observed over the last decade
may be linked to the pervasive administration of broad-
spectrum antibiotics, which could endanger human health in
the future [16–20]. Simultaneously, the gastrointestinal tract
of the patients is colonized by resistant bacteria, taking over
the living microbiota, which is one of the main risk factors for
the development of infections caused by MDR bacteria such
as carbapenemase-producing Klebsiella pneumoniae (CP-Kp)
or Candida spp. [21, 22]. An efficient treatment strategy to
revert to healthy function might be the modulation of the gut
microbiota. Burn-injured subjects are a high-risk population
for infections and over-perscription of antimicrobial drugs [2,
16, 17]. The effects of antibiotics on the microbiome have
been increasingly reported and the prescription of antibiotics
is continuing to rise [15, 18–20]. Hence, additional investi-
gation on the specific effect of antibiotics and the results of
proliferation of MDR in the gut still needs to be conducted
[2, 15, 18–20]. Understanding the complex components of
the microbiome and its modification during burn trauma
is one of the research highlights in this field. Given this
epidemiological situation, the continuous increase of MDR
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Figure 1. Main changes in skin, lung and gut microbiome composition in burn patients. MDR multidrug-resistant

infections observed in recent years and the high infection-
related mortality, it is crucial to identify patients at high
risk for infections and support the creation of ‘antimicrobial
stewardship’ programmes in this setting [16, 17].

Review

Methods

A narrative review of the available literature was performed
using the PubMed database and the Cochrane library. The
search terms included ‘microbiome in burn patients’ and
‘microbiome in burn injury’. The Medical Subject Heading
(MeSH) terms were as follows: ‘microbiome’ [All Fields]
AND (‘burn patients’ [MeSH Terms] OR (‘burn injury’ [All
Fields] OR ‘burn’ [All Fields] AND ‘patients’ [All Fields])
OR ‘burn’ [All Fields]) AND (‘injury’). The defined search
period from 1 September 2000 to 1 May 2020 was selected
to compare studies from different periods given the changes
in the microbiome and burn knowledge. Given the nature
of the review, no ethics approval was required. The search
was performed by two investigators (SC and TL). A total
of 144 studies were identified (PubMed: 144, Cochrane:
0). Two investigators then reviewed the articles, initially by
title and abstract and then in detail, using a customized
data abstraction form. Studies were excluded if they had
incorrect subject matter, were duplications, or were case
reports, commentaries, editorials or reviews. Only studies
in English were included. A total of 24 studies were iden-
tified for full-text review as they contained original data
(Figure 2).

Gut microbiota in burns

Disruption of the intestinal barrier that leads to increased
intestinal permeability and translocation of bacteria [21 22]
or endotoxins are the frequent adverse events affecting gut
colonocytes after a severe burn injury [23]. The loss of
the structural integrity in the intestinal epithelial barrier
may cause sepsis and subsequent multiple organ dysfunction
syndromes, leading to a higher risk of mortality in burn
victims [24–26]. Nonetheless, most of the supposed under-
lying mechanisms behind gut disruption were derived from
other better investigated, critically ill populations [27, 28].
Recently, as assumed by Wheatley et al. in a mouse model,
among predisposing factors advanced age elicits a more severe
degree of gut microbial dysbiosis following cutaneous burn
injury than is manifest in younger mice [23]. Clinical studies
demonstrate that advanced age causes a significant increase
in mortality following burn, but the role of the gut in this
age-dependent susceptibility had not yet been investigated
[23]. Furthermore, He et al. [24] reviewed the published
data on intestinal barrier dysfunction in severe burn injury,
focusing on extremely complex mechanisms that involve
numerous signalling molecules and their related pathways.
Besides heat damage, the authors explored different patho-
physiological processes, such as stress, shock, ischaemia/hy-
poxia, inflammation, infection and surgical operation, in the
early and late post-burn period [24]. The results open a
new scenario for the targeted treatment of post-burn intesti-
nal barrier dysfunction, which is theoretically multifacto-
rial and involves multiple, extremely complex pathogenetic
factors such as signalling molecules and related pathways,
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Figure 2. Literature narrative review flowchart

thereby requiring a tailored approach in the future [24].
Some authors [29–32] have explored the gastrointestinal
microbiome during the early stages of burn injury. Their
studies described an increase in gut dysbiosis that suggested
a decrease in some probiotic microbes, such as butyrate-
producing bacteria, while some potentially pathogenic bac-
teria flourished. These authors reported an abundance of
Proteobacteria, flanked mostly by an increase in Escherichia
spp. and Shigella spp. and a decrease in the Firmicutes/Bac-
teroidetes levels in early post-burn stage [29–32] (Figure 1).

Lactobacillus spp., like other lactic acid bacteria (i.e. Bacil-
lales, Sporolactobacillus), have been associated with the pro-
duction of short-chain fatty acids (SCFAs; i.e. acetate, propi-
onate, butyrate, isobutyrate and isovalerate), which are the
primary energy substrates for colonocytes [33] and may help
regulate epithelial barrier function, mucosal immune systems
and inflammatory responses [34, 35]. Moreover, the luminal
content of SCFAs significantly decreases after a severe burn,
suggesting loss of epithelial integrity and immune homeosta-
sis [34, 35]. Although the mechanisms underlying the decrease
in SCFA contents have not yet been precisely defined, data
suggest that a decrease in Firmicutes/Proteobacteria levels
leads to an increase in SCFA contents [34, 35].

Zhang et al., have investigated in a mouse model the role
of Clostridium butyricum (C. butyricum) and its production
of butyrate in burn injury [36]. C. butyricum and butyrate
are beneficial for the homeostasis of intestinal microflora,
and both decrease during burn injury and their levels were
negatively correlated with gut permeability [36]: in conclud-
ing, authors have described that oral administration of C.
butyricum significantly alleviated intestinal permeability.

Dynamic changes in gut bacteria biodiversity were
reported in five patients with severe burn [37]. In the four
survivors, after an initial decrease of probiotic microbes, an
increase in mostly obligate anaerobes and Bifidobacterium
was displayed compared with the non-survivor. Furthermore,
the relative abundance of potentially pathogenic bacteria
(i.e. Pseudomonas and Candida spp.) was higher in the non-
survivor patient [37]. Similarly, Wang et al. investigated the
dynamic changes of the gut microbiome 6 weeks after a severe
burn and explored its association with enteral nutrition (EN)
[38]. After detecting gut dysbiosis, this condition gradually
resolved and EN was associated with the rapid promotion of
gut homeostasis in patients that tolerated EN well. Shimuzu
et al. [37], as supported by Wang et al. [38], highlighted the
usefulness of understanding gut flora and its dynamics to
establish, albeit not directly, prognosis in severe burns.

Interestingly supportive care, such as EN, and its role in
the microbiota are studied as part of burn-related research.
Moreover, the swine model of McIntyre et al. described the
role of fluid resuscitation on gut microbiome [39]. High fluid
resuscitation seems to have the ability to reverse the rise of
potentially pathogenic organisms such as Proteobacteria and
ease the growth of beneficial bacteria such as Bacteroides in
this preliminary study [39].

Lung microbiota in burns

Inhalation injury is present in ∼10–20% of all burn trau-
mas [40]. It predisposes the patient to secondary pneumonia
and acute respiratory distress syndrome and often requires
mechanical ventilation [41]. Currently, very little is known
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about airway microbiota after burn and inhalation injury
[42].

A recent publication by Walsh et al. [43] evaluated lung
microbiome composition in 48 burn patients with inhalation
injury who developed early hypoxaemia compared with
patients without hypoxaemia [44]. The authors described
that hypoxaemic patients had an enrichment of facultative
anaerobes such as Streptococcaceae, Enterobacteriaceae and
Staphylococcaceae (32%, 27% and 83%, respectively) in
comparison to aerobes and strict anaerobes [43]. Hypoxic
conditions may also favour Prevotella melaninogenica
(P. melaninogenica) enrichment, which is part of the healthy
microbiota [45–46]. However, several studies indicate that
P. melaninogenica could also play a non-beneficial role
under certain conditions, as demonstrated in intubated
cystic fibrosis patients [47]. Although the results cannot be
unambiguously interpreted due to the low number of patients
analysed and the possibility of nosocomial acquisition of
these pathogens at admission, such preliminary findings may
support the need for a longitudinal study to identify the
burden and the relevance of the changes mentioned above
[43, 45] (Figure 2).

Skin microbiota in burns

The cutaneous microbiome provides many niches in which
large populations of microbes are subjected to a myriad of
ecological pressures (i.e. temperature, pH). These communi-
ties are directly related to the ability to maintain skin bar-
rier function and encourage inflammation, homeostasis and
wound scarring [48–50]. Shortly after burn injury, the skin
undergoes an excessive activation of the cutaneous and sys-
temic immune responses, targeting commensal and invading
pathogens alike [51]. Specific resident commensal microbes,
mostly in the phyla Actinobacteria (i.e. Proprionibacterium
spp.) and Firmicutes (i.e. Staphylococcus spp.), may boost
skin homeostasis. A recent study observed that a lower abun-
dance of Proprionibacterium spp. is correlated with a higher
risk of pneumonia and wound infections [52–54].

Furthermore, Plichta et al. reported an enrichment in
thermophilic and halophilic bacteria such as Aeribacillus,
Halomonas, Caldalkalibacillus and Nesterenkonia [51]. The
latter are typically isolated from soil and water samples
[55–57] and a direct correlation between these taxa and
the development of pneumonia in the burn population has
been established. Thus far, it is unclear if the enrichment
of these taxa could be partially due to the exposure of the
patient to water sources outside of the hospital setting, such
as during debridement with tap water. Regardless, this could
be a promising microbiome-based morbidity index that may
help stratify patients at admission according to their specific
colonizing microbiome.

A small Asian study [58] evaluated the skin microbiome of
recently healed burn wounds, i.e. 3 months after the incident,
which comprises the late phase of recovery from a burn
injury. Comparative microbiome analysis did not detect any
considerable fluctuations in microbial abundance or compo-
sition when comparing samples from the wound scars and

the unaffected skin of these burn patients [58]. Likewise, they
did not find any compelling temporal dynamics in microbial
abundance or diversification in the burn samples. Curiously,
contrary to early reports on the antibiotic-treated gut micro-
biome, when the skin microbiome was exposed to antibiotic
pressure, it showed an increase in bacterial diversity and
uniformity when compared with the control subjects [58–61].
However, the samples from the burn patients harboured more
Firmicutes than those from the control patients (Figure 1).

There is a consensus that the microbial composition of
skin wounds impacts wound healing, but conclusions are
conflicting [62]. Delayed wound healing in mice was sup-
posed due to dynamic changes and dysbiosis in the micro-
biome and to the effect of oral antimicrobials [63], while
other authors assumed an enhanced wound-healing in the
absence of commensal skin microbiota [64]. Furthermore,
Sanjar et al. have described skin microbiome changes over
11 days following thermal injury [61] with reduced bacterial
richness, altered bacterial genes and associated predicted
functions within bacterial communities [61]. In an in vivo
study, Liu et al. have confirmed a lower community rich-
ness with dysbiosis in burn scars that persist after healing,
despite that these changes and their impact on the rate of
wound healing were not explored [58]. In conclusion, there
remains a considerable knowledge gap in understanding con-
nections between the microbiome and wound healing in burn
injuries [61, 62].

Current & future perspective

In recent years, an increased incidence of infections caused
by MDR bacteria has been reported in several burn centres
[11, 12, 16, 17, 63]. MDR infections lead to a progressive
reduction of therapeutic options and a potential delay in
obtaining appropriate antibiotic therapy, which is usually
associated with increased mortality. [11, 12, 16, 17, 63]. This
overuse and misuse of antibiotics is accompanied by a broad
spectrum of changes involving burn-injured subjects, includ-
ing the resident microbiome at different sites [15, 18–22].
Burn injury itself leads to a disruption of the intestinal barrier,
leading to increased intestinal permeability and translocation
of bacteria or endotoxins [23–25]. Gut dysbiosis, decrease
of probiotics and alteration in the relative abundance of
potentially pathogenetic bacteria may appear from the early
to the late stages after burn injury [23–25]. Theoretically,
the gut may become an entrance for pathogenetic strains,
leading to burn-related sepsis, which is often due to colonizing
MDR bacteria. Some authors [29–32] interestingly reported,
during the early stage of burn injury, a gut increase of gram-
negative bacteria, notably Escherichia spp. and Shigella spp.,
well-known agents of bloodstream infections in burn units
[64, 65]. Gut dysbiosis seems to be strictly related to C.
butyricum viability and its product butyrate, and their levels
were negatively correlated with gut permeability [36]. More-
over, intestinal barrier dysfunction more exactly derives from
a multifactorial complex in which other factors should be
considered for a holistic, therapeutic approach, as assumed by



6 Burns & Trauma, 2020, Vol. 8, tkaa033

He et al. [24]. Recently, a particular focus on the role of sup-
portive care (e.g. EN, probiotics, fluid resuscitation, antimi-
crobial therapies) and their link with dynamic microbiota
changes have enabled us to discover gut bacteria biodiversity
in severe burn patients: probiotics supplementation [36], high
fluid resuscitation [39] and prompt enteral nutrition [37, 38]
may be beneficial for gut homeostasis in hospitalized patients.
On the lung microbiome side, very little is currently known
about airway microbiota after burn and inhalation injury.
Despite that, an episodic enrichment of facultative anaerobes
(notably Staphylococcaceae) in hypoxaemic-scalded subjects
has been observed [43, 45, 46]: preliminary data need to be
validated in a longitudinal study but could open important
perspectives also in antimicrobial stewardship programmes
within burn units [66, 67]. The composition of skin micro-
biota could be a promising precocious index that may help
stratify patients at admission according to their specific col-
onizing microbiome based on the increase in correlation
between the decrease (e.g. Proprionibacterium spp.) or the
abundance (e.g. thermophilic and halophilic bacteria) of some
species and the increased risk of pneumonia or wound infec-
tions [51, 55–57]. Interestingly, reduced bacterial richness
and dysbiosis seems to persist after healing, as assumed by
Liu et al. [58], and thermal injury alters even the functional
level of bacterial communities. The effects of burn injury
on skin microbiome have not been fully elucidated [61, 62,
68, 69]. Furthermore, it is still unclear how the microbiome
composition may interfere with wound healing, but it cer-
tainly appears that there is a deep bond between the two that
requires to be studied further [61, 62, 68, 69].

Conclusions

Fluctuation of the human microbiota is directly linked to
health issues and medical conditions. There are plenty of
approaches to balance the composition of the microbiota.
Therefore, targeting the microbiota has been suggested as an
advanced method to confront different medical conditions.
Some basic questions still need to be answered to fully under-
stand the microbiota complexities from a therapeutic perspec-
tive, particularly in burn patients. Further characterization
of the mechanisms by which stress-induced molecules influ-
ence microbial proliferation and metabolism is necessary to
identify the changes in the microbial phenotypes that directly
influence the host’s innate immune responses required for
optimal healing. Knowledge of the microbiome and its func-
tions may help individualize medicine in the preventive or
curative setting. Targeting or rehabilitating the microbiome
may be an efficient therapeutic strategy in the near future.

Abbreviations

CPE: Carbapenem-resistant Enterobacteriaceae; CP-Kp: Carbapen-
emase-producing K. pneumoniae; EN: Enteral nutrition; ESBL-
E: Extended-spectrum β-lactamase-producing Enterobacteriaceae;
MDR: Multidrug-resistant; SCFAs: Short-chain fatty acids

Acknowledgements

SC and FDR acknowledge the ESCMID study group for host and
microbiota interaction (ESGHAMI) for critical review of this paper.

Authors’ contributions

SC, TL and FGDR conceived the study. FDR supervised the
manuscript. All authors read and approved the final version of the
manuscript.

Conflicts of interest

The authors declare that they have no competing interests.

References

1. Norbury W, Herndon DN, Tanksley J, Jeschke MG, Finnerty
CC. Infection in burns. Surg Infect (Larchmt). 2016; 17(2):
250–5. doi: 10.1089/sur.2013.134.

2. Lachiewicz AM, Hauck CG, Weber DJ, Cairns BA, van Duin D.
Bacterial infections after burn injuries: impact of multidrug resis-
tance. Clin Infect Dis. 2017; 65(12): 2130–6. doi: 10.1093/cid/-
cix682.

3. MacConmara MP, Tajima G, O’Leary F, Delisle AJ, McKenna
AM, Stallwood CG, et al. Regulatory T cells suppress antigen-
driven CD4 T cell reactivity following injury. J Leukoc Biol.
2011; 89(1): 137–47. doi: 10.1189/jlb.0210082. Epub 2010 Sep
30.

4. Magnotti LJ, Deitch EA. Burns, bacterial translocation, gut
barrier function, and failure. J Burn Care Rehabil. 2005; 26(5):
383–91.

5. Beckmann N, Pugh AM, Caldwell CC. Burn injury alters the
intestinal microbiome’s taxonomic composition and functional
gene expression. PLoS One. 2018; 13(10): e0205307. doi:
10.1371/journal.pone.0205307. eCollection 2018.

6. 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(7): e0129996. doi: 10.1371/journal.pone.0129996. eCollec-
tion 2015.

7. Gill SR, Pop M, Deboy RT, Eckburg PB, Turnbaugh PJ,
Samuel BS, et al. Metagenomic analysis of the human
distal gut microbiome. Science. 2006;312(5778):1355–9.
doi: 10.1126/science.1124234. PMID: 16741115; PMCID:
PMC3027896.

8. Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight
R, Gordon JI. The human microbiome project. Nature. 2007;
449(7164): 804–10.

9. van Duin D, Strassle PD, DiBiase LM, Lachiewicz AM, Rutala
WA, Eitas T, et al. Timeline of health care-associated infec-
tions and pathogens after burn injuries. Am J Infect Control.
2016;44(12):1511–6. doi: 10.1016/j.ajic.2016.07.027. Epub
2016 Oct 11.

10. Wanis M, Walker SAN, Daneman N, Elligsen M, Palmay L,
Simor A, et al. Impact of hospital length of stay on the dis-
tribution of gram negative bacteria and likelihood of isolating
a resistant organism in a Canadian burn center. Burns. 2016;
42(1): 104–11. doi: 10.1016/j.burns.2015.07.010 Epub 2015
Nov 5.

11. Alp E, Coruh A, Gunay GK, Yontar Y, Doganay M. Risk factors
for nosocomial infection and mortality in burn patients: 10 years

https://doi.org/10.1089/sur.2013.134
https://doi.org/10.1093/cid/cix682
https://doi.org/10.1189/jlb.0210082. \ignorespaces Epub \ignorespaces 2010
https://doi.org/10.1371/journal.pone.0205307. \ignorespaces eCollection
https://doi.org/10.1371/journal.pone.0129996. \ignorespaces eCollection
https://doi.org/10.1126/science.1124234
https://doi.org/10.1016/j.ajic.2016.07.027
https://doi.org/10.1016/j.burns.2015.07.010


Burns & Trauma, 2020, Vol. 8, tkaa033 7

of experience at a university hospital. J Burn Care Res. 2012;
33(3): 379–85. doi: 10.1097/BCR.0b013e318234966c.

12. Strassle PD, Williams FN, Weber DJ, Sickbert-Bennett EE,
Lachiewicz AM, Napravnik S, et al. Risk factors for healthcare-
associated infections in adult burn patients. Infect Control Hosp
Epidemiol. 2017; 38(12): 1441–8. doi: 10.1017/ice.2017.220.
Epub 2017 Oct 30.

13. Rezaei E, Safari H, Naderinasab M, Aliakbarian H. Common
pathogens in burn wound and changes in their drug sensitivity.
Burns. 2011; 37(5): 805–7. doi: 10.1016/j.burns.2011.01.019
Epub 2011 Mar 8.

14. Sun FJ, Zhang XB, Fang Y, Chen J, Xing H, Shi H,
et al. Spectrum and drug resistance of pathogens from
patients with burns. Burns. 2012; 38(8): 1124–30. doi:
10.1016/j.burns.2012.05.018.

15. Messadi AA, Lamia T, Kamel B, Salima O, Monia M, Saida BR.
Association between antibiotic use and changes in susceptibility
patterns of Pseudomonas aeruginosa in an intensive care burn
unit: a 5-year study, 2000-2004. Burns 2008; 34(8): 1098–102.
doi: 10.1016/j.burns.2008.03.014.

16. Moiemen NS; ISBI guideline committee. Antibiotic stewardship
in burns patients: ISBI guidelines. Burns. 2017;43(6):1366. doi:
10.1016/j.burns.2016.12.009. Epub 2017 Jun 19. No abstract
available.

17. Lavrentieva A. Antibiotic stewardship in burn patients: from
theory to reality and vice versa. Burns. 2017; 43(6): 1364–6. doi:
10.1016/j.burns.2016.11.018 Epub 2017 Feb 4.

18. Taur Y, Pamer EG. The intestinal microbiota and
susceptibility to infection in immunocompromised
patients. Curr Opin Infect Dis. 2013; 26(4): 332–7. doi:
10.1097/QCO.0b013e3283630dd3.

19. Satlin MJ, Jenkins SG, Walsh TJ. The global challenge of
carbapenem-resistant Enterobacteriaceae in transplant recipi-
ents and patients with hematologic malignancies. Clin Infect Dis.
2014; 58(9): 1274–83. doi: 10.1093/cid/ciu052. Epub 2014 Jan
23.

20. Kim S, Covington A, Pamer EG. The intestinal microbiota:
antibiotics, colonization resistance, and enteric pathogens.
Immunol Rev. 2017; 279(1): 90–105. doi: 10.1111/imr.12563
Review.

21. Corcione S, Angilletta R, Raviolo S, Filippini C, Fossati L, Di
Perri G, et al. Epidemiology and risk factors for mortality in
bloodstream infection by CP-Kp, ESBL-E, Candida and CDI:
a single center retrospective study. Eur J Intern Med. 2018;
48: 44–9. doi: 10.1016/j.ejim.2017.10.015 Epub 2017 Oct
31.

22. Corcione S, Segala FV, Castiglione A, Lupia T, Angilletta
R, Cavallo R, et al. Enteropathogenetic nosocomial infec-
tions: predisposing clinical characteristics and risk of recur-
rent infections. J Chemother. 2019; 31(7–8): 394–400. doi:
10.1080/1120009X.2019.1669275 Epub 2019 Sep 26.

23. Wheatley EG, Curtis BJ, Hulsebus HJ, Boe DM, Najarro K,
Ir D, et al. Advanced age impairs intestinal antimicrobial pep-
tide response and worsens Fecal microbiome Dysbiosis fol-
lowing burn injury in mice. Shock. 2020; 53(1): 71–7. doi:
10.1097/SHK.0000000000001321.

24. He W, Wang Y, Wang P, Wang F. Intestinal barrier dysfunc-
tion in severe burn injury. Burns Trauma. 2019; 7: 24. doi:
10.1186/s41038-019-0162-3. eCollection 2019.

25. Barrett LW, Fear VS, Waithman JC, Wood FM, Fear MW.
Understanding acute burn injury as a chronic disease. Burns

Trauma. 2019; 7: 23. doi: 10.1186/s41038-019-0163-2. eCol-
lection 2019.

26. Al-Ghoul WM, Khan M, Fazal N, Sayeed MM. Mechanisms
of postburn intestinal barrier dysfunction in the rat: roles of
epithelial cell renewal, E-cadherin, and neutrophil extravasation.
Crit Care Med. 2004; 32(8): 1730–9.

27. De-Souza DA, Greene LJ. Intestinal permeability and systemic
infections in critically ill patients: effect of glutamine. Crit Care
Med. 2005; 33(5): 1125–35 Review.

28. Turner JR. Intestinal mucosal barrier function in health
and disease. Nat Rev Immunol. 2009; 9(11): 799–809. doi:
10.1038/nri2653 Review.

29. Xiao GX. The gut-origin infection in severe bums. Chin J Burns.
2008; 24(5): 331–3.

30. Costantini TW, Eliceiri BP, Peterson CY, Loomis WH, Putnam
JG, Baird A, et al. Quantitative assessment of intestinal injury
using a novel in vivo, near-infrared imaging technique. Mol
Imaging. 2010; 9(1): 30–9.

31. Costantini TW, Loomis WH, Putnam JG, Kroll L, Eliceiri
BP, Baird A, et al. Pentoxifylline modulates intestinal tight
junction signaling after burn injury: effects on myosin light
chain kinase. J Trauma. 2009; 66(1): 17–24discussion 24-5. doi:
10.1097/TA.0b013e318191bb1f.

32. Huang G, Sun K, Yin S, Jiang B, Chen Y, Gong Y, et al. Burn
injury leads to increase in relative abundance of opportunistic
pathogens in the rat gastrointestinal microbiome. Front Micro-
biol. 2017; 8: 1237. doi: 10.3389/fmicb.2017.01237. eCollec-
tion 2017.

33. Cushing K, Alvarado DM, Ciorba MA. Butyrate and mucosal
inflammation: new scientific evidence supports clinical
observation. Clin Transl Gastroenterol. 2015; 6: e108. doi:
10.1038/ctg.2015.34.

34. Feng Y, Huang Y, Wang Y, Wang P, Wang F. Severe burn
injury alters intestinal microbiota composition and impairs
intestinal barrier in mice. Burns Trauma. 2019; 7(20). doi:
10.1186/s41038-019-0156-1. eCollection 2019.

35. Morrison DJ, Preston T. Formation of short chain fatty
acids by the gut microbiota and their impact on human
metabolism. Gut Microbes. 2016; 7(3): 189–200. doi:
10.1080/19490976.2015.1134082. Epub 2016 Mar 10.

36. Zhang D, Zhu C, Fang Z, Zhang H, Yang J, Tao K, et al.
Remodeling gut microbiota by clostridium butyricum
(C.butyricum) attenuates intestinal injury in burned
mice. Burns. 2020pii: S0305-4179(19)30641-2. doi:
10.1016/j.burns.2020.01.007 [Epub ahead of print].

37. Shimizu K, Ogura H, Asahara T, Nomoto K, Matsushima A,
Hayakawa K, et al. Gut microbiota and environment in patients
with major burns – a preliminary report. Burns 2015; 41(3):
e28–33. doi: 10.1016/j.burns.2014.10.019 Epub 2014 Nov 30.

38. Wang X, Yang J, Tian F, Zhang L, Lei Q, Jiang T, et al. Gut micro-
biota trajectory in patients with severe burn: a time series study.
J Crit Care. 2017; 42: 310–6. doi: 10.1016/j.jcrc.2017.08.020
Epub 2017 Aug 12.

39. McIntyre MK, Winkler CJ, Gómez BI, Lapierre JP, Little JS,
Dubick MA, et al. The effect of burn resuscitation volumes
on the gut microbiome in a swine model. Shock. 2019. doi:
10.1097/SHK.0000000000001462 Epub ahead of print.

40. Palmieri TL. Inhalation injury: research progress and needs. J
Burn Care Res. 2007; 28(4): 549–54.

41. You K, Yang HT, Kym D, Yoon J, Yim H, Cho YS, et al.
Inhalation injury in burn patients: establishing the link between

https://doi.org/10.1097/BCR.0b013e318234966c
https://doi.org/10.1017/ice.2017.220. \ignorespaces Epub \ignorespaces 2017
https://doi.org/10.1016/j.burns.2011.01.019
https://doi.org/10.1016/j.burns.2012.05.018
https://doi.org/10.1016/j.burns.2008.03.014
https://doi.org/10.1016/j.burns.2016.12.009
https://doi.org/10.1016/j.burns.2016.11.018
https://doi.org/10.1097/QCO.0b013e3283630dd3
https://doi.org/10.1093/cid/ciu052. \ignorespaces Epub \ignorespaces 2014
https://doi.org/10.1111/imr.12563
https://doi.org/10.1016/j.ejim.2017.10.015
https://doi.org/10.1080/1120009X.2019.1669275
https://doi.org/10.1097/SHK.0000000000001321
https://doi.org/10.1186/s41038-019-0162-3. \ignorespaces eCollection \ignorespaces 2019.
https://doi.org/10.1186/s41038-019-0163-2. \ignorespaces eCollection \ignorespaces 2019.
https://doi.org/10.1038/nri2653
https://doi.org/10.1097/TA.0b013e318191bb1f
https://doi.org/10.3389/fmicb.2017.01237. \ignorespaces eCollection
https://doi.org/10.1038/ctg.2015.34
https://doi.org/10.1186/s41038-019-0156-1. \ignorespaces eCollection \ignorespaces 2019.
https://doi.org/10.1080/19490976.2015.1134082. \ignorespaces Epub \ignorespaces 2016
https://doi.org/10.1016/j.burns.2020.01.007
https://doi.org/10.1016/j.burns.2014.10.019
https://doi.org/10.1016/j.jcrc.2017.08.020
https://doi.org/10.1097/SHK.0000000000001462


8 Burns & Trauma, 2020, Vol. 8, tkaa033

diagnosis and prognosis. Burns. 2014; 40(8): 1470–5. doi:
10.1016/j.burns.2014.09.015 Epub 2014 Oct 16.

42. Dyamenahalli K, Garg G, Shupp JW, Kuprys PV, Choudhry
MA, Kovacs EJ. Inhalation injury: unmet clinical needs and
future research. J Burn Care Res. 2019; 40(5): 570–84. doi:
10.1093/jbcr/irz055.

43. Walsh DM, Mccullough SD, Yourstone S, Jones SW, Cairns A,
Jones CD, et al. Alterations in airway microbiota in patients
with PaO 2 / FiO 2 ratio 300 after burn and inhalation
injury. PLoS One 2017; 12(3): e0173848. doi: 10.1371/jour-
nal.pone.0173848 eCollection 2017.

44. The ARDS Task Force. Acute respiratory distress syndrome:
the berlin definition. JAMA. 2012; 307(23): 2526–33. doi:
10.1001/jama.2012.5669.

45. Buckingham SC. Bacteroides, Fusobacterium, and Prevotella.
In: Cherry JD, Harrison GJ, Kaplan SL, Steinbach WJ, Hotez
PJ (eds). Feigin and Cherry’s Textbook of Pediatric Infectious
Diseases, Seventh edn, 2014, 1825–34.

46. Agvald-Ohman C, Wernerman J, Nord CE, Edlund C. Anaerobic
bacteria commonly colonize the lower airways of intubated ICU
patients. Clin Microbiol Infect. 2003; 9(5): 397–405.

47. Field TR, Sibley CD, Parkins MD, Rabin HR, Surette MG.
The genus Prevotella in cystic fibrosis airways. Anaerobe.
2010; 16(4): 337–44. doi: 10.1016/j.anaerobe.2010.04.002
Epub 2010 Apr 20.

48. Grice EA, Segre JA. The skin microbiome. Nat Rev Microbiol.
2011; 9(4): 244–53. doi: 10.1038/nrmicro2537.

49. Chehoud C, Rafail S, Tyldsley AS, Seykora JT, Lambris JD,
Grice EA. Complement modulates the cutaneous microbiome
and inflammatory milieu. Proc Natl Acad Sci U S A. 2013;
110(37): 15061–6. doi: 10.1073/pnas.1307855110. Epub 2013
Aug 26.

50. Grice EA. The skin microbiome: potential for novel diagnostic
and therapeutic approaches to cutaneous disease. Semin Cutan
Med Surg. 2014; 33(2): 98–103.

51. Plichta JK, Gao X, Lin H, Dong Q, Toh E, Nelson DE,
et al. Cutaneous burn injury promotes shifts in the bacte-
rial microbiome in autologous donor skin: implications for
skin grafting outcomes. Shock. 2017; 48(4): 441–8. doi:
10.1097/SHK.0000000000000874.

52. Schauber J, Dorschner RA, Coda AB, Buchau AS, Liu PT, Kiken
D, et al. Injury enhances TLR2 function and antimicrobial
peptide expression through a vitamin D-dependent mechanism.
J Clin Invest. 2007; 117(3): 803–11 Epub 2007 Feb 8.

53. Hruz P, Zinkernagel AS, Jenikova G, Botwin GJ, Hugot
JP, Karin M, et al. NOD2 contributes to cutaneous defense
against Staphylococcus aureus through alpha-toxin-dependent
innate immune activation. Proc Natl Acad Sci U S A. 2009;
106(31): 12873–8. doi: 10.1073/pnas.0904958106. Epub 2009
Jun 16.

54. Lai Y, Cogen AL, Radek KA, Park HJ, Macleod DT, Leich-
tle A, et al. Activation of TLR2 by a small molecule pro-
duced by Staphylococcus epidermidis increases antimicrobial
defense against bacterial skin infections. J Invest Dermatol.
2010; 130(9): 2211–21. doi: 10.1038/jid.2010.123. Epub 2010
May 13.

55. Li WJ, Zhang YQ, Schumann P, Liu HY, Yu LY, Zhang
YQ, et al. Nesterenkonia halophila sp. nov., a moderately
halophilic, alkalitolerant actinobacterium isolated from a saline
soil. Int J Syst Evol Microbiol. 2008;58(Pt 6):1359–63. doi:
10.1099/ijs.0.64226-0

56. Zhao W, Zhang CL, Romanek CS, Wiegel J. Description of
Caldalkalibacillus uzonensis sp. nov. and emended description
of the genus Caldalkalibacillus. Int J Syst Evol Microbiol. 2008;
58(Pt 5):1106–8.

57. Minana-Galbis D, Pinzon DL, Loren JG, Manresa A, Oliart-
Ros RM. Reclassification of Geobacillus pallidus (Scholz et al.
1988) Banat et al. 2004 as Aeribacillus pallidus gen. Nov., comb.
nov. Int J Syst Evol Microbiol. 2010; 60(Pt 7): 1600–4. doi:
10.1099/ijs.0.003699-0 Epub 2009 Aug 21.

58. Liu SH, Huang YC, Chen LY, Yu SC, Yu HY, Chuang SS. The
skin microbiome of wound scars and unaffected skin in patients
with moderate to severe burns in the subacute phase. Wound
Repair Regen. 2018; 26(2): 182–91. doi: 10.1111/wrr.12632.
Epub 2018 May 21.

59. Dethlefsen L, Huse S, Sogin ML, Relman DA. The pervasive
effects of an antibiotic on the human gut microbiota, as revealed
by deep 16S rRNA sequencing. PLoS Biol. 2008; 6(11): e280.
doi: 10.1371/journal.pbio.0060280.

60. Raymond F, Ouameur AA, Déraspe M, Iqbal N, Gingras H,
Dridi B, et al. The initial state of the human gut microbiome
determines its reshaping by antibiotics. ISME J. 2016; 10(3):
707–20. doi: 10.1038/ismej.2015.148. Epub 2015 Sep 11.

61. Sanjar F, Weaver AJ, Peacock TJ, Nguyen JQ, Brandenburg KS,
Leung KP. Identification of Metagenomics structure and func-
tion associated with temporal changes in rat (Rattus norvegicus)
skin microbiome during health and cutaneous burn. J Burn Care
Res. 2020; 41(2): 347–58. doi: 10.1093/jbcr/irz165.

62. Johnson TR, Gómez BI, McIntyre MK, Dubick MA, Christy RJ,
Nicholson SE, et al. The cutaneous microbiome and wounds:
new molecular targets to promote wound healing. Int J Mol Sci
2018; 19(9) pii: E2699. doi: 10.3390/ijms19092699.

63. Corcione S, Pensa A, Castiglione A, Lupia T, Bortolaso B,
Romeo MR, et al. Epidemiology, prevalence and risk factors
for infections in burn patients: results from a regional burn
centre’s analysis [published online ahead of print, 2020 Jun 26]. J
Chemother. 2020; 1–5. doi: 10.1080/1120009X.2020.1780776.

64. Lin JC, Chen ZH, Chen XD. Elevated serum procalcitonin
predicts gram-negative bloodstream infections in
patients with burns. Burns. 2020; 46(1): 182–9. doi:
10.1016/j.burns.2019.04.010 Epub 2019 Dec 16.

65. Corcione S, D’Avolio A, Loia RC, Pensa A, Segala FV, De Nicolò
A, et al. Pharmacokinetics of meropenem in burn patients with
infections caused by gram-negative bacteria: are we getting close
to the right treatment? J Glob Antimicrob Resist. 2020; 20:
22–7. doi: 10.1016/j.jgar.2019.06.011 Epub 2019 Jun 14.

66. Corcione S, Pagani N, Forni N, Di Perri G, De Rosa FG. Start
smart with antimicrobial stewardship. Clin Infect Dis 2015;
61(6): 1033–4. doi: 10.1093/cid/civ458 Epub 2015 Jun 10. No
abstract available.

67. Bassetti M, Poulakou G, Ruppe E, Bouza E, Van Hal SJ, Brink
A. Antimicrobial resistance in the next 30 years, humankind,
bugs and drugs: a visionary approach. Intensive Care Med
2017;43(10):1464–75. doi: 10.1007/s00134-017-4878-x. Epub
2017 Jul 21.

68. Zhang M, Jiang Z, Li D, Jiang D, Wu Y, Ren H, et al. Oral antibi-
otic treatment induces skin microbiota dysbiosis and influences
wound healing. Microb Ecol 2015; 69: 415–21.

69. Canesso MC, Vieira AT, Castro TB, Schirmer BG, Cisalpino D,
Martins FS, et al. Skin wound healing is accelerated and scarless
in the absence of commensal microbiota. J Immunol 2014; 193:
5171–80.

https://doi.org/10.1016/j.burns.2014.09.015
https://doi.org/10.1093/jbcr/irz055
https://doi.org/10.1371/journal.pone.0173848
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1016/j.anaerobe.2010.04.002
https://doi.org/10.1038/nrmicro2537
https://doi.org/10.1073/pnas.1307855110. \ignorespaces Epub \ignorespaces 2013
https://doi.org/10.1097/SHK.0000000000000874
https://doi.org/10.1073/pnas.0904958106. \ignorespaces Epub \ignorespaces 2009
https://doi.org/10.1038/jid.2010.123. \ignorespaces Epub \ignorespaces 2010
https://doi.org/10.1099/ijs.0.64226-0
https://doi.org/10.1099/ijs.0.003699-0
https://doi.org/10.1111/wrr.12632. \ignorespaces Epub \ignorespaces 2018
https://doi.org/10.1371/journal.pbio.0060280
https://doi.org/10.1038/ismej.2015.148. \ignorespaces Epub \ignorespaces 2015
https://doi.org/10.1093/jbcr/irz165.
https://doi.org/10.3390/ijms19092699
https://doi.org/10.1080/1120009X.2020.1780776
https://doi.org/10.1016/j.burns.2019.04.010
https://doi.org/10.1016/j.jgar.2019.06.011
https://doi.org/10.1093/cid/civ458
https://doi.org/10.1007/s00134-017-4878-x

	Microbiome in the setting of burn patients: implications for infections and clinical outcomes
	Background 
	Epidemiology and risk factors for infections in burn patients

	Review
	Methods
	Gut microbiota in burns
	Lung microbiota in burns
	Skin microbiota in burns
	Current & future perspective

	Conclusions
	Authors' contributions
	Conflicts of interest


