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Abstract: A retrospective descriptive study included patients admitted with severe burns over the
course of 10 years (2008-2018). Across all patients, there were 39 different species of bacteria, with
23 species being Gram-negative and 16 being Gram-positive bacteria, with also five different species
of fungi cultured. Pseudomonas aeruginosa was the most commonly isolated organism, with 57.45% of
patients having a positive culture. There was a significant difference in the number of P. aeruginosa
isolated from patients that acquired their burns at work, in a garden, inside a vehicle, in a garage
or in a public place. In patients that were positive for P. aeruginosa, the number of operations was
higher (2.4) and the length of stay was significantly increased (80.1 days). Patients that suffered
from substance abuse demonstrated significantly higher numbers of isolated P. aeruginosa (14.8%).
Patients that suffered from both mental health illness and substance abuse demonstrated significantly
higher numbers of P. aeruginosa isolated (18.5%). In the P. aeruginosa-negative group, there were
significantly fewer patients that had been involved in a clothing fire. Furthermore, in the P. aeruginosa-
negative patient cohort, the mortality rate was significantly higher (p = 0.002). Since the incidence of
P. aeruginosa was also associated with a decreased mortality rate, it may be that patients admitted
to hospital for shorter periods of time were less likely to be colonised with P. aeruginosa. This study
demonstrates novel factors that may increase the incidence of P. aeruginosa isolated from burn patients.

Keywords: Pseudomonas aeruginosa; burns; mortality; environment; infection; polymicrobial

1. Introduction

Thermal injuries such as burns represent a major clinical issue that causes an enormous
burden to healthcare services, demanding increased medical efforts and a substantial
amount of healthcare funds. Burns are a serious global public health problem with the
World Health Organisation (WHO) estimating 11 million people per annum worldwide
suffer from a burn injury. In the UK, an average of 13,000 people each year are admitted to
hospital with a burn injury and an estimated 400,000 are injured from burns in the USA
leading to 40,000 admissions to hospital. The resource demands that are related to this
volume and severity of injuries is substantial [1]. Burns often become colonised by bacteria
due to the loss of the cutaneous barrier, the presence of denatured proteins and lipids and
immunosuppression [2]. This leads to substantial mortality rates with reports indicating
that 42% to 65% of deaths in patients with burns are attributable to infection [3].
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Burns are frequently colonised with a diverse range of Gram-positive and Gram-
negative bacteria such as Staphylococcus aureus, coagulase-negative Staphylococci spp., Pseu-
domonas aeruginosa, Enterococcus spp., Vancomycin resistant Enterococcus spp., Escherichia
coli, Klebsiella pneumoniae and Acinetobacter spp. [2]. P. aeruginosa is commonly detected at
later stages in chronic wounds, with a predominance in burn wounds [4]. P. aeruginosa is re-
sistant to a wide range of antibiotics and has the ability to acquire additional resistance after
failed treatments regimes; resistance has been observed to many common first-line antibi-
otics, including p-lactams, polymyxins, aminoglycosides and quinolones [5]. In addition,
P. aeruginosa has the ability to produce biofilms in several niche environments including
burns [6]. Biofilms have a specific complex architecture and structure with biochemical
characteristics that result in an increase in resistance against host immune mechanisms and
antibiotics [7]. The presence of bacteria in cocultures was also demonstrated to increase
their synergistic interactions affecting factors such as virulence, colonisation and persis-
tence traits [8]. For example, it was demonstrated that when P. aeruginosa and S. aureus
were grown in coculture, their antibiotic tolerance was enhanced [8]. Coinfection between
the priority burn-wound pathogens is common, with P. aeruginosa and S. aureus frequently
being coisolated [9]. Therefore, it is imperative to characterise the different bacterial species
that can colonise burn wounds in order to further elucidate any synergistic effects.

Several risk factors that contribute to the development of bacterial infections in patients
with burns have been documented. These include the location of burns and the age, gender
and health conditions of patients with burn trauma. The present study aimed to determine
the possible common risk factors in severe-burn patients that became colonised with P.
aeruginosa, using retrospective data over a 10-year period (2008-2018). Findings from this
work will lead to a better understanding of the underlying factors that cause P. aeruginosa
to be isolated from patients with burn wounds.

2. Methods
2.1. Patient Eligibility

The present study represents a retrospective descriptive study on patients with severe
burns admitted to the burns unit of a National Health Service (NHS) hospital situated in
the north of England from 1 January 2008 to 31 August 2018. This unit serves 4.5 million
people and has 12 beds plus intensive care unit (ICU) support. Patients were eligible for
inclusion if they were admitted with >40% burns during the time period and had accessible
clinical records and a date of discharge. The International Burns Injury Database (iBID)
was used to identify patients coded as admitted with severe burns, and patients with toxic
epidermal necrolysis (TEN) were excluded.

2.2. Defining Common Factors

A list of potential common factors was created through an initial review of patient
records, a literature review and clinical reasoning. Telepath, EMIS and iBID were used to
access patient records and collect data.

2.3. Statistical Analysis

A statistical package (SPSS version 27) was used for all data analyses. Patients were
divided into two statistical groups which included patients with at least one positive P.
aeruginosa culture and patients without a positive P. aeruginosa culture. To assess age and
total body surface area (TBSA) against mortality in positive and negative patients, these
groups were subdivided to create four groups, P. aeruginosa-positive patients that survived,
P. aeruginosa-positive patients that died, P. aeruginosa-negative patients that survived and P.
aeruginosa-negative patients that died. Where applicable, Pearson’s chi-squared with phi
coefficient was used for categorical data, Mann—-Whitney U test and independent t-test were
used for nonparametric and parametric continuous data, respectively, and Kruskal-Wallis
test and One-way ANOVA were used for comparisons between more than two groups
using nonparametric and parametric data, respectively. Odds ratio, ANOVA and t-tests
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were also used. All tests were carried out at the 5% significance level with p < 0.05 indicating
significant differences between groups.

3. Results

During the ten-year period, 53 patients were coded as being admitted with severe
burns. Out of these, 47 were eligible for inclusion in this study. Patients were split into
two groups, those with a positive P. aeruginosa culture (n = 27, 57.5%) and those without a
positive P. aeruginosa culture (n = 20, 42.5%). The mean age of all patients was 47.5 years
(SD = 18.2), and this was not significantly different between groups (U = 237.00, p = 0.48).
Most patients in both groups were male (66.0%), and no significant difference was observed
between groups (X?(1) = 0.25, p = 0.62).

3.1. Factors Tested

Factors that demonstrated significant differences included the species of microorgan-
isms determined, the environment at the time of injury, if the burn involved a clothing fire,
number of operations, the length of hospital stay and if the patient suffered from mental
health illness and substance abuse (Table 1). It should be noted that in some cases, the
numbers were too small to infer significance.

Table 1. Factors tested to determine a relationship with patients who tested positive for P. aeruginosa.

Factor Subgroup Significance
Gram-negative bacteria N/A
Species of microorganisms Gram-positive bacteria N/A
Yeast and fungi N/A
Inside a place of residence No
Inside a vehicle Yes
In a public place Yes
Environment At work Yes
In a garden Yes
In a garage Yes
Unknown location No
Scalp No
Face and head No
Neck No
Chest No
Abdomen No
Location of burn Upper limb No
Hands No
Back No
Buttocks No
Perineum and genitalia No
Lower limb No

Feet No
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Table 1. Cont.

Factor Subgroup Significance
Flame burns Numbers too small
Scalds Numbers too small
Flash burns Numbers too small
Type of burn Contact burns Numbers too small
Radiation burns Numbers too small
Explosions Numbers too small
Clothing fire Yes
Hospitals Admission from other hospitals Numbers too small
Intubation The number of intubated patients No
Location of intubation No
Number of surgeries Yes
Surgeries and length of stay
Length of stay Yes
Unknown Numbers too small
First aid Water Numbers too small
Cling film Numbers too small
Mental health issues Yes
Co-morbidities Substance abuse Yes
Mental health issues and substance abuse  Yes
Mortality rate Yes
Mortality Mortality with P. aeruginosa bacteraemia ~ Yes
Age No
Total body surface area (%) No
Tazocin No
Meropenem No
Vancomycin No
Clindamycin No
Amphotericin No
Colomycin No
Clarithromycin No
Co-trimoxazole No
Type of antibiotic Gentamicin No
Flucloxacillin No
Benzylpenicillin No
Co-amoxiclav No
Cefuroxime No
Erythromycin No
Tobramycin No
Amoxicillin No
Ciprofloxacin No
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3.2. Species of Microorganisms

Across all patients, there were 39 different species of bacteria, with 23 species being
Gram-negative and 16 being Gram-positive bacteria, with five different species of fungi
also cultured (Table 2). P. aeruginosa was the most commonly isolated microorganism, with
57.45% of patients having a positive culture. Other commonly cultured microorganisms
included S. aureus (46.80%), Enterococcus faecalis (36.17%), Escherichia coli (31.92%), Candida
albicans (27.70%) and Enterobacter cloacae (25.53%). The following species were only present
in the absence of P. aeruginosa: Enterobacter sakazakii, Klebsiella pneumoniae, Klebsiella oxytoca,
Morganella morganii, Neisseria meningitidis, Proteus vulgaris, Serratia marcescens, Serratia
liquefaciens, Bacillus cereus, Streptococcus oralis, Viridans Streptococci, group F Streptococcus
and Aspergillus fumigatus. The following species were only cultured in patients with
P. aeruginosa-positive burn infections: Acinetobacter lwoffii, Escherichia vulneris, Leclercia
adecarboxylata, Proteus mirabilis, Pseudomonas putida, Raultella planticola, Streptococcus milleri,
Candida dubliniensis and Candida glabrata.

Table 2. Bacterial and fungal species isolated from burn wounds of patients.

P. aeruginosa-

P. aeruginosa- P. aeruginosa-  P. aeruginosa-

Positive Negative Positive Negative
Culture (%) Culture (%) Culture (%) Culture (%)
Acinetobacter baumannii 14.8 5 Bacillus cereus 0 5
Acinetobacter lwoffii 3.7 0 Clostridium difficile 3.7 0
Aeromonas hydrophila 3.7 5 Enterococcus faecalis 40.7 30
Citrobacter freundii 14.8 5 Enterococcus faecium 11.1 10
Cronobacter sakazakii 0 5 Staphylococcus aureus 40.7 55
Enterobacter cloacae 29.6 20 Staphylococcus epidermidis 3.7 5
Methicillin-resistant
Escherichia coli 33.3 30 Staphylococcus aureus 18.5 10
(MRSA)
Escherichia vulneris 3.7 0 Streptococcus milleri 3.7 0
Haemophilus influenzae 14.8 5 Streptococcus pneumoniae 11.1 10
Klebsiella pneumoniae 0 15 Streptococcus oralis 0 5
Klebsiella oxytoca 0 10 Ztirrésﬁoncso‘i??\gcs) 0 5
Leclercia adecarboxylata 7.4 0 Group A Streptococcus 0 5
Moraxella catarrhalis 3.7 5 Group B Streptococcus 11.1 10
Morganella morganii 0 5 Group C Streptococcus 3.7 10
Neisseria meningitidis 0 5 Group G Streptococcus 3.7 5
Proteus mirabilis 3.7 0 Group F Streptococcus 0 5
Proteus vulgaris 0 5
Pseudomonas aeruginosa 57.45 43 Fungi and yeast
Pseudomonas putida 3.7 0 Aspergillus fumigatus 0 5
Raoultella planticola 3.7 0 Candida albicans 29.7 25
Serratia marcescens 0 5 Candida dubliniensis 3.7
Serratia liquefaciens 0 5 Candida glabrata 3.7 0
Stenotrophomonas 18.5 10 Candida parapsilosis 11.1 5

maltophilia
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3.3. Environment

The environment at injury was categorised into seven groups. There was a significant
difference in the number of P. aeruginosa-positive and P. aeruginosa-negative patients that
acquired their burn at work (80% positive, 20% negative), in a garden (100% positive, 0%
negative), inside a vehicle (40% positive, 60% negative), in a garage (0% positive, 100%
negative) or in a public place (0% positive, 100% negative) (p < 0.05) (Figure 1).

m P.geruginosapositive m  P. geruginosa negative

100.00%
90.00%

* * *
*
80.00%
70.00%
*
60.00%
50.00%
*
40.00%
30.00%
*
20.00%
10.00% I
* * *
0.00%

Residence At work Garden  Inside vehicle Unknown Garage Public place

Percentage of colonisation rates

Figure 1. Effect of environmental location of burn incident on P. aeruginosa colonisation rates (%).
* Indicates significant difference of p < 0.05.

3.4. Clothing Fire

P. aeruginosa isolation was significantly less common in clothing fire patients, with
56.0% of P. aeruginosa-negative patients having a documented clothing fire compared to
44.0% of P. aeruginosa-positive patients (X?(1) = 3.95, p = 0.05, OR = 0.30) (Figure 2). The
opposite trend was demonstrated in patients that had not been involved with a clothing fire,
whereby significantly more patients (72.7%) resulted in the isolation of P. aeruginosa bacteria
from the wound compared to 27.0% that did not result in the isolation of P. aeruginosa.

W P. geruginosa positive m  P.aeruginosa negative

80.00%
70.00%

60.00%

*
*

50.00% *
40.00%
30.00% *
20.00%
10.00%

0.00%

Clothing fire No clothing fire

Percentage patients

Figure 2. Effects of being involved in a clothing fire on P. aeruginosa colonisation. * Indicates
significant difference.
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3.5. Number of Surgeries

The number of operations was higher in the patients that were positive for P. aeruginosa
(2.4) compared to the P. aeruginosa-negative group (1.0) (Figure 3A). The length of stay,
measured in days, was significantly increased in the patients positive for P. aeruginosa (80.1)
compared to the P. aeruginosa-negative group (7.6) (p =< 0.001) (Figure 3B).

* 160 *k kK
140

120

g

80
60

40
kK k¥
20

; L

Length of stay (days)

P. aeruginosa P. aeruginosa P. aeruginosa P.aeruginosa
positive negative positive negative

(B)

Figure 3. (A) Number of operations that resulted in P. aeruginosa-positive and -negative patients.
(B) The length of stay for patients positive for P. aeruginosa compared to patients negative for P.
aeruginosa. * Indicates significant difference of p < 0.05 and **** significant difference of p < 0.001.

3.6. Mental Health Illness and Substance Abuse

Mental health illness and substance abuse were the most common comorbidities
observed (Figure 4). Mental health illness demonstrated significantly fewer P. aeruginosa-
positive patients (25.9%) than P. aeruginosa-negative patients (35%). However, patients that
suffered from substance abuse demonstrated significantly higher numbers of isolated P.
aeruginosa (14.8%) than non-isolated P. aeruginosa (5.0%). Patients that suffered from both
mental health illness and substance abuse also demonstrated significantly higher numbers
of P. aeruginosa (18.5%) than wounds where P. aeruginosa was not isolated (10.0%).

40

B P.geruginosapositive B P. geruginosa negative

*
35
30
*
25
*
*
15
*
10
: l
0 -

Mental Health lliness Substance Abuse Both
Comorbidity

Number of patients
N
o

w

Figure 4. Effect of comorbidities on P. aeruginosa colonisation rates amongst patients with isolated P.
aeruginosa. * Indicates significant difference.
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3.7. Mortality

The mortality rate was significantly higher in the P. aeruginosa-negative group com-
pared to the P. aeruginosa-positive group (X*(1) = 10.82, p = 0.001, ® = +0.48) (Figure 5A),
with an odds ratio of 9.63 (95% CI = 2.25-41.27). This remained significant when patients
that died or were discharged within 7 days were removed (p = 0.008, Fisher’s exact test). P.
aeruginosa bacteraemia was found in 19.0% of positive patients (Figure 5B), and these pa-
tients had a significantly lower mortality rate than P. aeruginosa-negative patients (p = 0.002,
Fisher’s exact test) (Figure 5B).

80 90
* 5k % % © *k
70 £ 80
et
o ¥]
60 5 70
3
¥ 50 =
2 2 50
© 40 2
Z * KK K D 40
© ©
30
é q?o 30
© * % %
20 £ 20
3
10 @ 10
[='8
0 0
P. aeruginosa P. aeruginosa P. aeruginosa P. aeruginosa
positive negative positive negative
(A) (B)

Figure 5. Mortality rate of burn patients. (A) Mortality rates (%) of P. aeruginosa-positive and -negative
patients. (B) Mortality rates (%) of patients with P. aeruginosa bacteraemia and those who were P.
aeruginosa-negative. *** Indicates significant difference of p < 0.005, **** significant difference of
p <0.001.

4. Discussion

Although there have been many improvements in the care of burn patients, sepsis
is the major cause of multiorgan failure triggers due to a dysregulated host response to
infection [10]. However, the factors that influence the incidence of infection in burn patients
is still unclear. The present study found a higher incidence of P. aeruginosa recovered from
burn-wound infections. This coincides with other studies which have demonstrated that
coagulase-negative Staphylococci spp. and S. aureus are the most prevalent isolates on
admission wound cultures, with a shift in later weeks to P. aeruginosa as the most common
isolate [11]. Gram-positive bacteria are able to survive the thermal insult and quickly
colonise the burn wound within the first 48 h; these wounds are then subsequently colonised
(5-7 days) with other opportunistic pathogens, including Gram-positive, Gram-negative
and fungi. The source of these opportunistic pathogens includes the hosts microbiome or
the hospital environment (i.e., transmission via a healthcare professional’s hands) [12].

In the current retrospective study, it was found that there were 39 different species
of bacteria and five different species of fungi cultured, with 23 species of bacteria being
Gram-negative and 16 being Gram-positive. The most commonly isolated organisms were
S.aureus, E. faecalis, E. coli, C. albicans, E. cloacae, S. maltophilia, MRSA, A. baumanii and C.
freundii. In studies by others, when burn wounds were swabbed at different skin depths,
it was demonstrated that the most frequent cause of infection was found to be S. aureus,
followed by P. aeruginosa, K. pneumonia, E. coli and Acinetobacter species [13]. In work
on the bacterial species recovered from children in Tunisia, the most commonly isolated
microorganisms were methicillin-susceptible S. aureus, P. aeruginosa and E. cloacae [14]. It
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was previously reported that the types of bacteria that colonise and infect burn patients
were highly variable between burn units [15]; this could, in part, explain some of the
differences observed between the results.

Initially, endogenous Gram-positive skin commensals may colonise the burn wound
since they occur in the depths of sweat glands and hair follicles [16,17]. This may be
followed by colonisation of microbial species from the patients’ gastrointestinal microbiome,
such as E. coli, Enterobacter spp. and Enterococcus spp. [18]. The above species may also be
transmitted from exogenous sources such as contaminated hands of healthcare workers,
fomites, water or air [19].

In work by others, a total of 127 bacterial pathogens were isolated from 100 patients.
Of these, most were monomicrobial, but a number were polymicrobial [13]. In this retro-
spective study, several other bacterial species were commonly isolated from burn patients
who were often P. aeruginosa-positive, including S. aureus, E. faecalis, E. coli, C. albicans
and E. cloacae. In comparison to single-species infections, bacteria may interact with each
other, forming multispecies biofilms that are extremely difficult to eradicate due to the
difficulty in antimicrobial penetration and the occurrence of persister cells. For example,
the transmission of aminoglycoside resistance from one Pseudomonas spp. to another and
to other Gram-negative organisms including Enterobacter spp., Acinetobacter spp., E. coli
and others has been recognized in the burn population [15]. In addition, the importance
of the coculture environment has been shown to influence bacterial virulence, but this
subject is still controversial. For example, in the presence of A. fumigatus, the production
of P. aeruginosa elastase was enhanced [20]; however, A. fumigatus supernatants have also
been shown to demonstrate strong antipseudomonal activity [21], thus suggesting that
understanding the complex microbiota of microorganisms found in burn wounds requires
further investigation.

Candida albicans and to a lesser extent Candida parapsilosis were recovered from the
wounds of the burns patients. Work by others showed that most fungal infections were in
patients with massive burn injuries and were caused by Candida spp. [15]. In other work,
the predominant yeast recovered from burn patients was found to be C. krusei [22], whilst
in work by Capoor et al. [23], both C. parapsilosis and A. niger were recovered. Aspergillus
fumigatus was recovered from five patients. It was demonstrated that burn patients with
atypical invasive fungal infections can have severe concomitant polymicrobial infections
and multidrug resistance with fatal results [24]. The past decade has demonstrated in-
creased burn wound infections with atypical invasive fungal organisms, and non-Candida
genera have included Aspergillus spp. [24].

There was a significant difference in the number of P. aeruginosa found in patients that
acquired their burn at work, in a garden, inside a vehicle, in a garage or in a public place.
However, due to a lack of more detailed information about the place where the burn was
acquired, it is difficult to determine why this was the case. There was also significantly less
P. aeruginosa isolated from patients that had been involved in clothing fires. Factors such as
the clothing material and how tightly it fits the body may influence the protectiveness of
the clothing [25], and it has been suggested that the clothing type may affect the extent of
the burn in the victim. For example, in an observational study on clothing characteristics, it
was demonstrated that wearing long, loose, flowing garments resulted in clothing catching
fire more easily, and this resulted in more sustained burn injuries when compared to clothes
reaching down to the knee and if the item of clothing was more in the style of a short-fitting
dress [25]. In addition, the percentage of burns was found to be higher among wearers
of synthetic fabrics when compared to fabrics that were made of cotton [25]. However,
the relationship between clothing and the incidence of P. aeruginosa isolation from burn
wounds still remains unclear.

Acute mental disorders in burn patients are associated with poor clinical outcomes,
and preburn drug abuse and alcoholism was shown to increase the risk of acute mental
disorders during initial treatment [26]. In addition, many burn survivors suffer from
psychiatric conditions long after their physical injuries have healed, and this may be
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more pronounced in individuals who have a history of mental health disorders prior to
admission [26]. This is of importance since the development of acute mental disorders in
burn patients was associated with poor clinical outcomes including decreased survival rates,
longer hospitalization times and increased complication rates [27]. This retrospective work
demonstrated that patients that suffered from substance abuse and patients that suffered
from combined mental health illness and substance abuse demonstrated significantly higher
numbers of isolated P. aeruginosa from the wounds. During this retrospective study, petrol
was used directly on the skin as part of a self-injury process in eight patients. However,
Mahendraraj et al. [26] demonstrated that only a small percentage of burn patients were
diagnosed with acute mental disorders at the time of the burn. Hence, in future studies,
it might be prudent to follow up on the mental health of patients following treatment. A
study by Nam et al. [27] demonstrated that patients with mental health disorders were
younger, had larger burns and had significantly longer lengths of stay which resulted in
significantly higher costs; however, it was also found that patients with preexisting mental
health disorders had decreased odds of mortality [27]. In contrast, Mahendraraj et al. [26]
demonstrated that acute mental disorder patients had a significantly longer length of
hospitalization and shorter actuarial survival. The difference in these results may be due to
the average age of the patient that was treated.

In this study, the mortality rates were found to be significantly lower in P. aeruginosa-
positive patients compared to P. aeruginosa-negative patients and remained so when looking
only at P. aeruginosa bacteraemia. However, due to the low numbers of major burns in
services, firm conclusions can only be made using national-level data. The association
that P. aeruginosa can decrease mortality is counterintuitive; this result may simply be due
to the fact that P. aeruginosa is a later coloniser of burn wounds, and hence, patients that
may contract such infections have survived for a longer period of time. It may also be that
because a longer infection time leads to greater exposure of the patents to antibiotics, there
is a relationship with P. aeruginosa colonisation, but this requires further investigation.

The Incidence of P. aeruginosa isolated from burn infections was associated with length
of hospital stay, and this was also demonstrated previously by Wanis et al. [10]. However,
their work found that Enterobacteriaceae isolation was highest between 7 and 14 days of
hospitalization and that antibiotic resistance was directly proportional to hospital length
of stay, with multidrug-resistant Gram-negative bacteria increasing from 6% at 7 days to
44% at 28 days. In our study, in patients that were positive for P. aeruginosa, the number of
operations was also found to be significantly higher, although our data suggest that this is
likely to have been influenced by the patients’ length of stay (or vice versa).

5. Conclusions

This retrospective study found that there were a number of significant factors that
were related to the incidence of P. aeruginosa isolation from burn wounds. In agreement
with others, there was a significant incidence of P. aeruginosa isolated with an increased
length of hospital stay and patients having acute mental health disorders. In addition, the
environment in which the patients acquired their burns, e.g., at work, in a garden, inside a
vehicle, in a garage or in a public place, significantly influenced the incidence of isolated P.
aeruginosa. Burns resulting from clothing fires significantly decreased the incidence of P.
aeruginosa isolated from the burn wounds. Hence, further work is warranted on how the
environment in which a burn is acquired influences the microbial consortia of the wound.
Further, elucidation of the colonisation process, especially in the case of polymicrobial burn
wounds, could result in the development of more effective treatment strategies.
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