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ABSTRACT

Introduction: Over the past decade, numer-
ous studies have described the types of patho-
gens and their antibiotic resistance patterns in
patients with burn injuries in China; however,
the findings have generally been inconsistent.
We conducted a literature search and meta-
analysis to summarize the infection spectra and
antimicrobial resistance patterns in patients
with burn injuries.

Methods: We searched the PubMed, Embase,
Web of Science, China National Knowledge
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Infrastructure, China Biomedical Literature,
Wanfang, and Weipu databases for relevant
articles published between January 2010 and
December 2023. The DerSimonian-Laird ran-
dom-effects model was used to estimate the
proportions and 95% confidence intervals (CIs)
of pathogens among Chinese patients with
burn injuries. Meta-regression analyses were
performed to explore differences in the propor-
tions of pathogens among different subgroups
and their resistance patterns. This study was
registered with PROSPERO (CRD42024514386).
Results: The database searches yielded 2017
records; after removing duplicates and conduct-
ing initial screening, 219 articles underwent full-
text screening. Ultimately, 60 studies comprising
a total of 62,819 isolated strains reported the
proportions of pathogens in patients with burn
injuries and were included in this meta-analysis.
Meta-analyses were conducted on 18 types of
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pathogens. The most common pathogens caus-
ing infections in Chinese patients with burn
injuries were Staphylococcus aureus, Pseudomonas
aeruginosa, Acinetobacter baumannii, Klebsiella
pneumoniae, and Staphylococcus epidermidis. Simi-
lar results were observed in the subgroup analy-
sis focusing on wound infections. Since 2015,
there has been a significant decrease in the pro-
portion of Pseudomonas aeruginosa (R*=4.89%)
and a significant increase in the proportion of
Klebsiella pneumoniae (R*=9.60%). In terms of
antibiotic resistance, there has been a signifi-
cant decrease in the resistance of Staphylococcus
aureus to multiple antibiotics and an increasing
trend in the resistance of Klebsiella pneumoniae.
Conclusions: We systematically summarized
the epidemiological characteristics and anti-
biotic resistance patterns of pathogens among
individuals suffering from burns in China,
thus providing guidance for controlling wound
infections and promoting optimal empirical
antimicrobial therapy. The observed high levels
of antibiotic resistance underscore the need for
ongoing monitoring of antibiotic usage trends.

Keywords: Burns; Pathogens; Antimicrobial
resistance; Meta-analysis; China

Why carry out this study?

Infection is the most common complication
among individuals suffering from burns and
one of the contributing factors to mortality
in patients with burns, more than half of the
deaths can be attributed to various infectious
complications.

Comprehensive research synopses of the
infection spectra and antimicrobial resistance
patterns among individuals suffering from
burns in China are lacking.

What was learned from this study?

The five most frequently detected pathogens

in patients with burn injuries were Staphylo-

coccus aureus, Pseudomonas aeruginosa, Acinetobac-

ter baumannii, Klebsiella pneumoniae, and Staphylococ-
cus epidermidis.

Both the proportion and resistance of K/eb-
siella pneumoniae have significantly increased,
warranting attention in clinical practice.

Acinetobacter baumannii generally exhibits high
resistance to multiple antibiotics (>50%),
which thus highlights the necessity for long-
term monitoring efforts.

INTRODUCTION

Burn injuries are a global public health concern,
with an estimated 120,000 related deaths occur-
ring annually worldwide. The majority of burn-
related deaths occur in low- and middle-income
countries [1, 2]. China has a high incidence of
burn injuries, as evidenced by research indicat-
ing that there were 1,079,000 patients with burn
injuries in mainland China in 2019, accounting
for 12% of the global incidence cases and rank-
ing first worldwide among all countries. With
11,000 deaths, China ranks second globally in
terms of burn-related mortality after India, with
26,000 deaths [3]. Burn injuries can result in
varying degrees of damage to the skin, which
is the body’s largest organ and primary physi-
cal barrier against external pathogens [4]. Con-
sequently, both endogenous and exogenous
pathogenic microorganisms readily colonize
burn wounds, leading to severe infections that
endanger patient lives [5]. Infection is the most
common complication among individuals suf-
fering from burns and one of the contributing
factors to mortality in patients with burns, with
approximately 50-75% of deaths attributed to
various infectious complications [6, 7]. Hence,
effective prevention, control, and treatment of
burn infections present urgent challenges for all
healthcare institutions.

The pathogens causing infections in patients
with burn injuries are predominantly bacte-
ria, with the species composition changing
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dynamically over time. For instance, although
gram-positive bacteria appear earlier than gram-
negative bacteria, their duration of persistence
is shorter [8]. Research indicates that within the
first 5 days of hospitalization, Staphylococcus
aureus is the most common pathogen, whereas
Pseudomonas aeruginosa becomes predominant
after 5 days of admission [9, 10]. Gram-nega-
tive bacteria constitute the primary causative
agents of infections in patients with burn inju-
ries, accounting for approximately 70% of cases,
with notable species including Pseudomonas aer-
uginosa, Acinetobacter baumannii, and Klebsiella
pneumoniae. Gram-positive bacteria account for
approximately 30% of cases, with Staphylococ-
cus aureus and Enterococcus spp. being common
[11, 12]. The colonization patterns of pathogens
that cause burn infections may vary owing to
differences in geographical, climatic and envi-
ronmental factors, hospital management prac-
tices and the duration of hospitalization. A study
conducted in Morocco identified Acinetobacter
baumannii and Pseudomonas aeruginosa as the
most common pathogens among patients with
burn infection, while studies in China revealed
that Staphylococcus aureus and Staphylococcus epi-
dermidis were the most prevalent pathogens iso-
lated from patients with burn injuries [13, 14].

The continuous increase in antibiotic resist-
ance is primarily attributable to the irrational or
excessive use of antibiotics. The decreased sen-
sitivity of bacteria to conventional antibiotics
has significantly complicated the management
of burn infections. The emergence and trans-
mission of multidrug-resistant (MDR) bacteria
represent major challenges to global health care
systems. The World Health Organization (WHO)
estimates that by 2050, an increase in antibiotic
resistance could lead to 10 million deaths [15,
16].

As the initial use of antibiotics in patients
with burn injuries relies mainly on local micro-
bial epidemiology [17], it is crucial to deter-
mine the distribution of pathogens and their
resistance characteristics among individu-
als suffering from burns in China. Clinicians
must rationally prescribe antibiotics and for-
mulate strategies to avoid antimicrobial resist-
ance in patients with burn injuries. Although
the regional compositions of burn infection

pathogens and antibiotic resistance have been
studied in China, comprehensive reports on
the overall situation with pathogen infections
and resistance among individuals suffering
from burns in China are lacking [13, 18]. This
study aimed to evaluate and summarize the
pathogen infection status among individuals
suffering from burns in China and provide a
synopsis of our current understanding of the
infection spectrum and antimicrobial resist-
ance patterns in patients with burn injuries.

METHODS

This study was conducted in accordance with
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) state-
ment [19] and was registered in PROSPERO
(CRD42024514386) before the systematic
review was performed.

Search Strategy

A comprehensive search was conducted in the
PubMed, Web of Science, China Biomedical Lit-
erature, China National Knowledge Infrastruc-
ture, Wanfang, and Weipu databases (Table S1)
using a combination of free text and controlled
vocabulary (i.e., MeSH terms). This study
focused on analyzing the distribution and anti-
microbial resistance characteristics of nosoco-
mial pathogens among individuals suffering
from burns over the past decade. Therefore,
the search was limited to articles published
between 1 January 2010 and 30 November
2023. The search terms included “cross infec-
tion,” “nosocomial infection,” “hospital infec-
tion,” “wound infection,” “bacteria,” “patho-
gens,” “burns,” and “China.” The retrieved
literature was managed using EndNote (version
20), and duplicates were removed. Relevant
conference papers were manually searched in
the Army Medical University Library journal
database, and all references included in the
studies were reviewed.
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Selection Criteria

The inclusion criteria for the meta-analysis were
as follows: (1) studies on nosocomial infections
in patients with burn injuries, (2) sample collec-
tion started in 2010 or later, (3) a study popu-
lation comprising Chinese individuals, and (4)
sufficient data available to calculate the propor-
tion or antimicrobial resistance rates of patho-
gens with corresponding 95% confidence inter-
vals (Cls). The exclusion criteria were as follows:
(1) abstracts, reviews, or communications; (2)
studies with a total number of bacterial isolates
fewer than 200; (3) insufficient information,
including incomplete or inaccessible study data;
and (4) studies based on data from the National
Nosocomial Infection Surveillance System.

Data Extraction and Risk of Bias Assessment

The data were extracted independently by two
researchers using a data extraction form. The
following data were extracted: author, publica-
tion year, study region, hospital level, number
of patients with burn injuries, total number
of pathogens detected, common pathogens
isolated from patients with burn injuries, and
antibiotic-resistant strains. Disagreements in
the data extracted were resolved through con-
sultation with a third party. For duplicate pub-
lications, only studies with the highest quality
and the most complete or informative data on
pathogen strain detection were included. If the
study data could be divided into datasets before
and after 2015, they were extracted separately.
A predetermined checklist, adapted from
previous case series scales and consisting of
ten items was used to assess the quality of the
included studies [20]. The checklist included
two dimensions (external validity and internal
validity) with four and six items, respectively.
A score of 1 was assigned if the literature was
judged to have a low risk of bias for each item by
answering yes or no to the questions. The total
score ranged from O to 10 points, with higher
scores indicating higher quality. A risk of bias
summary plot was generated using the R 4.1.3
software, with scores<5 indicating a high risk

of bias, scores 6-7 indicating a moderate risk of
bias, and scores >8 indicating a low risk of bias.

Data Analysis

All the statistical analyses were performed
using R 4.1.3. Statistical tests were two-tailed,
and P<0.05 was considered to indicate statis-
tical significance, unless otherwise stated. For-
mulas from previously published articles were
used to calculate the proportions of pathogenic
and antibiotic-resistant strains in patients with
burn injuries in each study [21]. Freeman-Tukey
double arcsine transformation was used to sta-
bilize the variance in proportions [22]. The
DerSimonian-Laird random-effects model
was used to estimate the pooled proportions
of pathogens across studies and their 95% Cls
[23]. The Cochrane Q test was used to analyze
heterogeneity among studies, with the Q sta-
tistic approximately following a 4 distribution
with k-1 (where k is the number of studies), and
P<0.10 indicates significant heterogeneity. The
magnitude of heterogeneity was quantitatively
assessed by the Higgins I? value, which ranged
from 0% to 100%, with higher values indicat-
ing greater heterogeneity. Heterogeneity is typi-
cally considered significant if I> exceeds 50%
[24]. Funnel plots were used to assess potential
publication bias in the included literature, and
Egger’s test was employed to evaluate the asym-
metry of funnel plots [25].

Subgroup analyses and univariate meta-regres-
sion were performed to explore differences in
pathogen proportions and resistance rates
between studies. In univariate meta-regression
analysis, the dependent variable was the propor-
tion or resistance data of pathogens, while the
independent variables included the study time
(dummy variable: 2015 or after), hospital level
(dummy variable: tertiary), risk of bias (dummy
variable: high), region (dummy variable: eastern
region), and sample size (dummy variable: <500
isolates). The restricted maximum likelihood
method was used to estimate the variance
between studies in the meta-regression analysis,
and the proportion of variance explained by any
meta-regression model was estimated using the
R? statistic [26].
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RESULTS

Literature Overview

A total of 2017 relevant articles were initially
identified. After removing duplicates, we
screened the titles and abstracts of 1373 articles,
resulting in the exclusion of 1154 studies. Fur-
ther screening of the abstracts and full texts led
to the exclusion of an additional 159 articles.
Among these, 47 studies had a total number of
isolated pathogenic strains fewer than 200, 45

articles were not related to infections in patients
with burn injuries, 26 studies lacked sufficient
data, 19 studies focused on nonhuman subjects,
10 were case reports, 7 were duplicate publi-
cations, and 5 were reviews or abstracts. Ulti-
mately, 60 articles meeting the inclusion criteria
were identified (Fig. 1). Among the 60 included
studies, 1 had a longer time span. To explore
the impact of time on pathogen colonization
patterns and antimicrobial sensitivity, this study
was divided into two parts according to the time
(before and after 2015).

Fig. 1 Literature inclusion and exclusion processes
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Study Characteristics and Risk of Bias
Assessment

The characteristics of the 60 eligible studies are
presented in Table 1. A total of 62,819 patho-
gen isolates were identified, with the number
of isolates per study ranging from 209 to 4624.
All studies were conducted between 2010 and
2023 and represented 24 provinces out of 34
in China. Specifically, 17 studies were from the
western region, 11 from the central region, and
32 from the eastern region. The results of the
risk of bias assessment are depicted in Fig. 2,
with detailed information provided in Table S2.
Individual studies obtained scores ranging from
5 to 9, with 18 studies classified as having high
quality (score>8).

Distribution of Nosocomial Pathogens

In total, 18 pathogens were reported in 10 or
more studies (Table 2), and meta-analyses were
conducted for these pathogens. They included
five gram-positive bacteria, eight gram-negative
bacteria, and five fungi. Significant heteroge-
neity was observed among the studies in the
pooled estimates, with Higgins I* values rang-
ing from 87.2% to 98.2% (Q test P<0.001).
The five pathogens with the highest propozr-
tions were Staphylococcus aureus (18.3%, 95%
CI 16.3-20.4), Pseudomonas aeruginosa (16.2%,
95% CI 14.2-18.5), Acinetobacter baumannii
(13.7%, 95% CI 11.7-15.9%), Klebsiella pneumo-
niae (7.4%, 95% CI 6.2-8.7%), and Staphylococ-
cus epidermidis (5.9%, 95% CI 4.5-7.4%; Table 2,
Fig. 3a). The main type of burn infection was
wound infection, with pathogen data from 22
studies all sourced from wounds. Among these,
the five most frequently detected pathogens
in wound infections were consistent with the
results derived from clinical samples of all types.
However, their rankings varied slightly, with
the respective proportions as follows: Staphylo-
coccus aureus (17.8%, 95% CI 14.4-21.5), Pseu-
domonas aeruginosa (16.0%, 95% CI 12.6-19.8),
Acinetobacter baumannii (11.8%, 95% CI
8.8-15.2), Staphylococcus epidermidis (8.6%, 95%
CI 5.7-12.0), and Klebsiella pneumoniae (6.2%,

95% CI 4.3-8.4) (Table 2; Fig. 3b). Egger’s test
revealed no evidence of publication bias in the
pooled proportions (P>0.05; Fig. S1).

Subgroup analyses and univariate meta-
regression were used to examine the sources of
heterogeneity for the top five pathogens using
several covariates: the study time, hospital level,
risk of bias, region, and sample size. Studies con-
ducted after 2015 reported a significantly lower
estimated proportion of Pseudomonas aeruginosa
(13.5%, 95% CI 10.9-16.3) than those con-
ducted before 2015 (17.9%, 95% CI 15.1-20.9)
(R*=4.89%, Table 3). In contrast, there was
an increasing trend for Klebsiella pneumoniae
(R*=9.60%, Fig. 4), whose proportion increased
from 6.2% (95% CI 5.1-7.4) before 2015 to
9.7% (95% CI 7.0-12.7) after 2015. According
to the subgroup analysis at the hospital level,
the proportion of Staphylococcus epidermidis was
significantly greater in nontertiary hospitals
(R?=9.24%). In the subgroups based on differ-
ent sample sources, the proportion of Acine-
tobacter baumannii in bloodstream infections
(25.5%, 95% CI 16.3-35.9) was significantly
greater than that in wound infections (11.8%,
95% CI 8.8-15.2). However, the proportion of
Staphylococcus epidermidis in wound infections
(8.6%, 95% CI 5.7-12.0) was significantly greater
than that in the pooled results from multiple
sample sources (4.6%, 95% CI 3.3-6.1). Univari-
ate meta-regression analysis revealed significant
differences in the proportions of Staphylococ-
cus aureus (R?>=8.04%), Acinetobacter bauman-
nii (R>=9.37%), and Staphylococcus epidermidis
(R?=25.65%) among the risk of bias subgroups.
However, the proportions of pathogens did
not differ by region or sample size. Neverthe-
less, in the subgroup analysis by province, we
found that the proportions of Staphylococcus
aureus exceeded 30% in three provinces (Fig. Sa),
namely, Shaanxi Province at 37.0% (95% CI
29.8-44.6), Liaoning Province at 33.4% (95%
CI 25.9-41.4), and Qinghai Province at 30.9%
(95% CI 28.1-33.8). Furthermore, the propor-
tions of Pseudomonas aeruginosa exceeded 30% in
two provinces (Fig. 5b), namely, Anhui Province
at 33.0% (95% CI 29.1-37.0) and Sichuan Prov-
ince at 32.5% (95% CI 27.3-37.9). The detailed
results for each subtype can be found in Tables
$3-S7.
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Was the study's target population a close representation of the national population?

Was the sampling frame a true or close representation of the target population?

Was some form of random selection used to select the sample, OR was a census undertaken?

Was the likelihood of nonresponse bias minimal?

Were data collected directly from the subjects (as opposed to a proxy)?

Was an acceptable case definition used in the study?

Was a reliable and valid pathogenic test used?

Was the same mode of data collection used for all subjects?

Was the length of the shortest prevalence period for the parameter of interest appropriate?

Were the numerator(s) and denominator(s) for the calculation of the proportion of pathogen appropriate?

Summary item on the overall risk of study bias

[ I I I I 1
0% 20% 40% 60% 80% 100%

B Low risk of bias

Moderate risk of bias

[l High risk of bias

Fig.2 Results of the risk of bias assessment

Antimicrobial Resistance

We further analyzed the resistance of the top
five pathogens to different antibiotics, con-
ducted meta-analyses of antibiotics reported in
ten or more studies, and compared resistance
rates before and after 2015 (Tables S8-S12). After
2015, Staphylococcus aureus (Fig. 6a) exhibited
significantly reduced resistance to clindamycin
(R*=18.63%), erythromycin (R*=25.98%), gen-
tamycin (R?=15.35%), penicillin (R?=23.56%),
and tetracycline (R?=44.26%). The resistance
of Pseudomonas aeruginosa to aztreonam sig-
nificantly decreased (R*=16.28%). However,
Acinetobacter baumannii showed significantly
increased resistance to piperacillin (R?>=30.67%).
With the exception of minocycline and tige-
cycline, Acinetobacter baumannii exhibited
high resistance (>50%) to the remaining 19
antibiotics. After 2015, Klebsiella pneumoniae
(Fig. 6b) showed significantly increased resist-
ance to several antibiotics, including cefepime
(R*=22.48%), ciprofloxacin (R*=24.71%), imi-
penem (R?=34.54%), levofloxacin (R*=29.77%),
meropenem (R2=33.82%), piperacillin-tazobac-
tam (R*?=16.18%), and trimethoprim-sulfameth-
oxazole (R?=41.74%). There was a significant
decrease in the resistance of Staphylococcus epi-
dermidis to ciprofloxacin (R?=60.94%) and gen-
tamycin (R?=31.07%).

DISCUSSION

This systematic review summarized data from
60 studies involving a total of 62,819 strains
of pathogens. Among the five most frequently
detected pathogens in nosocomial infections
among individuals suffering from burns, two
were gram-positive bacteria (Staphylococcus
aureus and Staphylococcus epidermidis), while
three were gram-negative bacteria (Pseudomonas
aeruginosa, Acinetobacter baumannii, and Kleb-
siella pneumoniae). The resistance rates of both
gram-positive bacteria showed decreasing
trends, while the three gram-negative bacteria
continued to exhibit relatively high levels of
resistance, with Klebsiella pneumoniae showing
a trend toward increasing resistance, thereby
warranting special attention.

Infection is a common complication of burns,
with infected individuals suffering from burns
having a three times greater mortality than that
of uninfected patients [85]. Studies have shown
that pathogens causing nosocomial infections
in patients with burn injuries change over time.
Gram-positive bacteria tend to appear earlier
than gram-negative bacteria, possibly because
burn wounds are initially sterile, and gram-
positive bacteria remaining in the skin glands
or hair follicles quickly colonize the surface of
burn wounds. However, over time, endogenous
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~ o o - i or exogenous gram-negative bacteria from the
g N R 8 gastrointestinal or respiratory tract gradually
colonize the wound surface and replace gram-
—~ e~ e~ o~ —~ positive bacteria [8, 86]. Owing to differences in
2 IR = antibiotic sensitivity among different types of
-g S 2 2 2 = pathogens, understanding the types of patho-
4 :\; < 2 = = gens causing nosocomial infections in patients
E RN S @ with burn injuries and their resistance patterns
- is of paramognt 1mportance for the early preven-
g tion of such infections.
- _::; In this study, Staphylococcus aureus was the
g & most common pathogen, with a proportion of
<5 g 18.3%, which was slightly lower than the preva-
22732 B8 « — = lence rates reported in Pakistan (24.05%) and
EOh Bl N Iran (20.2%) but comparable to those reported
. 0
s in India (18.11%) and Turkey (18.5%) [87-90].
_ _§ g Staphylococcus aureus, with its various surface
§ g 48“ § g E 5 § proteins that facilitate binding to host proteins,
g2 ® ¥ ™ such as fibronectin in the extracellular matrix
4|8 [91, 92], is highly likely to infect wounds,
§ ‘é 2 including burns and surgical incisions [93, 94].
B2 2% %o o wm oo ~ In addition, Staphylococcus epidermidis was the
S | second most common gram-positive bacterium
~ &R BB & causing infections in patients with burn injuries.
Although Staphylococcus epidermidis is a mem-
X @ e T S ber of the normal microbiota of the human skin
é T 99 9 in and actively initiates skin immune responses to
o= (= (=] @\ — A . . . . .
B S = 6 s S maintain skin homeostasis, it becomes patho-
§~ © © © © = genic when the skin is damaged [95]. In this
& s 2 8 & 3 study, the proportion of Staphylococcus epider-
- midis was 5.9%, which is consistent with find-
%3 ings in South Korea (4.4%) [96]. However, in a
= < study conducted in the eastern region of China,
55, the proportion of Staphylococcus epidermidis
'g ”g i:f e - (0.75%) was significantly lower [18]. This differ-
% z eS|l € 2 2 q ence may be owing to different causative factors.
g - This study conducted a meta-analysis of the
= g . antibiotic resistapce o.f Staphylococcus aureus and
2l=2 8|1% & & & 2 Staphylococcus epidermidis and revealed an overall
glgeg= ¥ 8§ R R 0 . . .
TIRE3|d & & o x4 decreasing trend in the resistance of both gram-
"'f h positive bacteria. Staphylococcus aureus showed
;‘i, _§ -4 significantly reduced resistance to tetracycline,
L E E elw w ~ - gentamycin, and ampicillin, which is consistent
“lzs e[S 4 = % N with findings at the Beijing Children’s Hospital
g jing p
—’g < 3 £ in China [97]. This phenomenon may be attrib-
§ g 3 £ & § uted to clone replacement leading to decreased
S|y < S § S antibiotic resistance. Several studies have dem-
| & %O N T onstrated that community-acquired methicillin-
= % S 3§ Y Y31 resistant Staphylococcus aureus has rapidly spread
< | = SR R X T X . . .
Hle N O OO O to hospitals and become predominant, leading
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Fig.3 Distribution of pathogens causing nosocomial infections in patients with burn injuries. a Meta-analyses using data for

all types of clinical samples. b Meta-analyses using data for wounds

to a decrease in the detection rate of hospital-
acquired methicillin-resistant Staphylococcus
aureus. Since the resistance of community-asso-
ciated methicillin-resistant Staphylococcus aureus
has not significantly changed under the selec-
tion pressure of antibiotics, the overall trend is a
decrease in the resistance of Staphylococcus aureus
[98-100]. Similarly, the resistance of Staphylo-
coccus epidermidis to tetracycline, gentamycin,
and clindamycin significantly decreased. Fur-
thermore, this study showed that both Staphy-
lococcus aureus and Staphylococcus epidermidis
remained fully sensitive to vancomycin, indi-
cating its effectiveness in treating nosocomial
infections caused by these two bacteria. Another
reason for the overall decreasing trend in resist-
ance of both gram-positive bacteria may be the
National Action Plan to Contain Antimicrobial
Resistance (2016-2020); the National Action
Plan was issued in 2016 by multiple departments
in response to the World Health Organization’s
(WHO'’s) Global Action Plan on Antimicrobial

Resistance [101], and implemented comprehen-
sive governance measures at the national level
to address bacterial resistance [102].
Gram-negative bacteria are the most com-
mon pathogens causing nosocomial infections
in patients with burn injuries. In this study,
three of the top five detected bacteria were
gram-negative, namely, Pseudomonas aeruginosa
(16.2%), Acinetobacter baumannii (13.7%), and
Klebsiella pneumoniae (7.4%). Although Pseu-
domonas aeruginosa ranks second in the detec-
tion rate among pathogens causing nosocomial
infections in patients with burn injuries, the
composition of pathogens causing burn infec-
tions may vary because of differences in regional
climates and hospital types. Honnegowda et al.
conducted a survey at the Manipal Burns Centre
in India and reported that Pseudomonas aerugi-
nosa was the most common pathogen (35.3%)
in samples from patients with burns [89]. Simi-
larly, Saaiq et al. reported that Pseudomonas aer-
uginosa had the highest proportion (35.29%) in
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Table 3 Pooled proportions of the top five pathogens causing nosocomial infections in patients with burn injuries across

time subgroups

Subgroup  Proportions of pathogens Univariate meta-regression
Number Total Number of Estimate P Coefficient (95% Pvalue R*
of stud- numberof specific pathogen CI)
ies isolates isolates
Staphylococcus aureus
2015 or after 22 19,994 3999 17.1% (13.9- 97.4 Ref Ref <0.01
20.5)
Before 2015 38 40,934 8475 19.0% (16.4— 97.9 0.025(-0.039t0  0.445
21.7) 0.089)
Psendomonas aeruginosa
2015 or after 22 19,994 2773 13.5% (10.9- 96.8 Ref Ref 4.89
16.3)
Before 2015 39 42,825 7977 17.9% (15.1- 98.4 0.061 (0.001- 0.047
20.9) 0.121)
Acinetobacter baumannii
2015 or after 21 19,111 2554 15.1% (11.2- 98.4 Ref Ref <0.01
19.3)
Before 2015 36 40,056 5729 12.9% (10.6- 98.1 —0.030 (-0.099 0.386
15.5) to 0.038)
Klebsiella pneumonia
2015 or after 20 18,809 2096 9.7% (7.0-12.7)  97.7 Ref Ref 9.60
Before 2015 37 40,360 2711 6.2% (5.1-7.4) 95.4 —0.064 (—0.114 0.012
to —0.014)
Staphylococcus epidermidis
2015 or after 14 12,662 974 5.3% (2.7-8.8) 98.3 Ref Ref <0.01
Before 2015 27 29,616 1901 6.2% (4.7-7.9) 96.9 0.019(-0.052t0 0.604

0.090)

Pakistan [7]. Acinetobacter baumannii possesses
strong adhesion and colonization capabilities,
can resist dry and humid environments, and is
widely distributed in nature [103]. Owing to its
significantly increased isolation, infection, and
resistance rates, infection control has become
challenging. In this study, the proportion of
Acinetobacter baumannii ranked third after Pseu-
domonas aeruginosa; this finding is consistent
with the findings of Gupta et al. at a tertiary

hospital in India, where Acinetobacter baumannii
was the third most common pathogen (14.83%)
causing infections in patients with burn injuries
[104]. Owing to differences in hospital manage-
ment among different regions, the proportion
of Acinetobacter baumannii also significantly dif-
fered. A study by Bayram et al. in Turkey showed
that Acinetobacter baumannii was the most com-
mon pathogen (23.6%) isolated from patients
with burn infection [10S5]. Klebsiella pneumoniae
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Study Events Total Proportion (95% CI) Weight
2015 or after !

Zhang et al., 2023 137 1902 - 7.2% (6.1-8.4) 1.83%
Han and Zhang, 2022 63 833 - 7.6% (5.9-9.5) 1.79%
Li et al., 2022 41 527 — 7.8% (5.6-10.2) 1.75%
Liu et al., 2022 27 456 — 5.9% ( 3.9-8.3) 1.74%
Wang et al., 2022 39 250 ! —_— 15.6% (11.3-20.4) 1.65%
Yang et al., 2022 15 367 —_— 4.1% (2.3-6.4) 1.71%
Yu et al., 2022 85 2136 = 4.0% (3.2-4.9) 1.83%
Zhu et al., 2022 131 2437 - 5.4% (4.5-6.3) 1.83%
Liao b, 2021 199 1114 X —_ 17.9% (15.7-20.2) 1.81%
Zheng et al., 2021 433 2235 ! - 19.4% (17.8-21.0) 1.83%
Liu et al., 2019 203 1219 ! — 16.7% (14.6-18.8) 1.81%
Ouyang et al., 2019 79 578 X — 13.7% (11.0-16.6) 1.76%
Wu et al., 2019 11 297 —— 3.7% (1.8-6.2) 1.68%
Xu et al., 2019 218 1053 X —+— 20.7% (18.3-23.2) 1.80%
Fuetal, 2018 15 209 — 7.2% (4.0-11.1) 1.61%
Chen et al., 2020 17 335 — 5.1% (3.0-7.7) 1.70%
Lin etal., 2018 22 645 -, 3.4% (2.1-5.0) 1.77%
Jin et al., 2022 45 400 | — 11.2% ( 8.3-14.5) 1.72%
Zhou et al., 2023 69 649 | —— 10.6% ( 8.4-13.1) 1.77%
Hu and Lu, 2023 247 1167 ! —— 21.2% (18.9-23.6) 1.81%
Subgroup total ( 1*=97.7%, p < 0.001) 18809 _— 9.7% ( 7.0-12.7) 35.21%
Before 2015 X
Xu et al., 2022 126 2113 -+ 6.0% ( 5.0-7.0) 1.83%
Liao a, 2021 289 1568 X = 18.4% (16.5-20.4) 1.82%
Liu et al., 2020 6 304 —— ' 2.0% ( 0.7-3.9) 1.68%
Chang et al., 2019 76 1019 — 7.5% (5.9-9.2) 1.80%
Yang et al., 2018 122 2073 L 5.9% (4.9-6.9) 1.83%
Zhang et al., 2018 92 2183 - 4.2% (3.4-5.1) 1.83%
Chen, 2017 73 888 - 8.2% ( 6.5-10.1) 1.79%
Fan et al., 2017 66 981 = 6.7% (5.2- 8.4) 1.80%
Sun, 2017 11 277 ——, 4.0% (1.9-6.6) 1.67%
Tan et al., 2017 9 348 —— 2.6% (1.1-4.6) 1.70%
Wang, 2017 7 295 —— 2.4% (0.9-4.5) 1.68%
Xu et al., 2017 175 2399 - 7.3% (6.3-8.4) 1.83%
Zhang et al., 2017 89 2197 &= ! 4.1% (3.3-4.9) 1.83%
Zhang et al., 2017 15 421 - 3.6% (2.0-5.6) 1.73%
Dai et al., 2016 12 298 ——! 4.0% (2.1-6.6) 1.68%
Li, 2016 48 594 —- 8.1% (6.0-10.4) 1.76%
Wang et al., 2016 33 215 , —B— 15.3% (10.8-20.5) 1.62%
Yan, 2016 27 564 —_— 4.8% (3.2-6.7) 1.76%
Yin et al., 2016 226 1892 R 11.9% (10.5-13.4) 1.83%
Zhang et al., 2016 26 245 — 10.6% ( 7.0-14.8) 1.65%
Zhu, 2016 293 4624 bl 6.3% (5.7-7.1) 1.84%
Zha et al., 2015 19 542 = 3.5% (2.1-5.2) 1.76%
Sun and Wang, 2015 30 212 N —— 14.2% (9.8-19.2) 1.62%
Tang et al., 2015 43 710 == 6.1% (4.4-7.9) 1.78%
Wang et al., 2015 20 217 —_—= 9.2% ( 5.7-13.5) 1.62%
Yin et al., 2015 91 2587 - 3.5% (2.8-4.3) 1.84%
Chen et al., 2014 0 520 [+ X 0.0% ( 0.0- 0.3) 1.75%
Chen and Jiang, 2014 87 1325 - 6.6% (5.3-8.0) 1.81%
Dong et al., 2014 11 307 —+=— 3.6% (1.8-6.0) 1.68%
Wang et al., 2014 11 310 —— 3.5% (1.7-5.9) 1.69%
Xu et al., 2014 64 1242 - 5.2% (4.0-6.5) 1.81%
Cenetal., 2016 72 2212 B 3.3% (2.6-4.0) 1.83%
Hu et al., 2021 41 225 ' —+—— 18.2% (13.4-23.6) 1.63%
Lietal., 2018 139 1891 - 7.4% (6.2- 8.6) 1.83%
Tang et al., 2018 45 323 P 13.9% (10.4-17.9) 1.69%
Gong et al., 2014 209 1994 " 10.5% ( 9.2-11.9) 1.83%
Han et al., 2023 8 245 —— | 3.3% (1.3-5.9) 1.65%
Subgroup total ( 1= 95.4%, p < 0.001) 40360 <>: 6.2% ( 5.1-7.4) 64.79%
1

Overall ( I*= 97.0%, p < 0.001) 59169 : : < : : | 7.4% (6.2-8.7) 100.00%
Test for subgroup differences (x;= 5.50, p = 0.019

gredp (X‘ P ) 5 10 15 20
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«Fig. 4 Proportions of Klebsiella pneumoniae in patients
with burn injuries across different time subgroups

has gradually become one of the main causes
of nosocomial infections in recent years [106].
Although in a study by Chaudhary et al. carried
out at a tertiary hospital in Pakistan [87] Kleb-
siella pneumoniae ranked the same, the detection
rate (15.9%) was significantly greater than that
observed in our study (7.2%).

Gram-negative bacteria possess multiple
mechanisms of resistance. For example, their
double membrane structure confers intrinsic
resistance to many antibiotics, while efflux
pumps, in conjunction with the double mem-
brane, increase resistance and encode various
antibiotic-hydrolysing enzymes [107]. Owing
to multiple resistance mechanisms, the resist-
ance rates of gram-negative bacteria have been
continuously increasing in recent years, posing
a global challenge to the accurate and effec-
tive treatment of gram-negative bacterial infec-
tions. Therefore, understanding the resistance
of gram-negative bacteria causing hospital
infections is highly important for guiding the
selection of appropriate antibiotics during the
process of preventing infection. The results of
this study show a decreasing resistance trend of
Pseudomonas aeruginosa to certain antibiotics.
However, its resistance to some other antibiotics,
such as ampicillin, cefazolin, and cefotaxime,
remains relatively high, which is consistent with
the findings of Chaudhary et al. [87]. Among
the antibiotics included in the analysis, Acine-
tobacter baumannii had high resistance (> 50%)
to all antibiotics, except minocycline and tige-
cycline, with resistance rates exceeding 90% for
ampicillin, amikacin, cefazolin, and cefotaxime,
which is consistent with multiple previous stud-
ies [87, 96, 105]. Notably, this study revealed a
significant increase in the resistance of Klebsiella
pneumoniae, for example, to trimethoprim-sul-
famethoxazole, meropenem, and imipenem,
which is consistent with the findings of multi-
ple studies [104, 1035, 108]. These results indicate
the need for strict management of antibiotic use
when treating gram-negative bacterial infections
to prevent further increases in antibiotic resist-
ance. The study findings also suggest the need

to introduce new antibiotics or other infection
control measures in the treatment of gram-neg-
ative bacterial burn infections.

Fungi, including Candida albicans (1.6%),
Candida tropicalis (0.6%), and Candida glabrata
(0.5%), can also cause nosocomial infections
in patients with burn injuries. Although fun-
gal infections account for a small proportion of
infections, infections caused by fungi in patients
with burn injuries have no obvious specificity,
unlike bacterial infections, thus making them
difficult to distinguish and leading to misdiag-
nosis and delayed treatment [109, 110]. Some
fungi, such as Aspergillus and Zygomycetes, are
prone to invading blood vessels and spreading to
internal organs after infection, often resulting in
a poor prognosis and high mortality [111, 112].
Therefore, careful identification of pathogens
causing infections in patients with burn inju-
ries is necessary. Previous studies have shown
that Candida albicans is the most common fun-
gus that causes burn infections. However, in
recent years, both domestic and foreign studies
have shown a significant increase in the pro-
portion of non-Candida albicans fungi, such as
Candida tropicalis and Candida glabrata, among
the detected fungi [113-115]. The reason for this
phenomenon may be differences in the detec-
tion methods for fungi among different regions
or even among countries.

Although there was a decreasing trend in the
resistance of gram-positive bacteria observed in
this study, we must remain vigilant. Moreover,
owing to the persistently high levels of resist-
ance in gram-negative bacteria, it is urgent to
find solutions to this problem. The emergence
of multidrug-resistant bacteria poses a signifi-
cant threat to the life and health of patients.
Therefore, effective prevention and treatment
are crucial for improving patient outcomes
[116]. Prior to initiating antibiotic therapy, strict
microbial surveillance should be conducted, and
efforts should be made to avoid the use of inap-
propriate medications [117, 118]. Additionally,
the microbial composition of burn wounds is
dynamic, and regular assessments by physicians
are required to identify the primary pathogens
and their resistance patterns, thus enabling the
formulation of optimal treatment strategies for
burn infections.

A\ Adis



1308 Infect Dis Ther (2024) 13:1291-1313
a5 b 50N
SON\‘K 50N\i1
40°N 40°N
30°N 30°N
Province by Proportion(%) O . Province by Proportion(%) O .
o >30 o o >30 B
20°N 20-30 / W ! 20°N- 20-30 / ﬂé// N
10-20 , 10-20 D
<10 / 't <10 / P
No data Rt No data it
L el 1 e
80°E 90°E 100°E 110°E 120°E 80°E 90°E 100°E 110°E 120°E

Fig.5 Geographical distribution of proportions of a Szaphylococcus aureus and b Pseudomonas aeruginosa in patients with

burn injuries

Antibiotic

a Before 2015 2015 or after

Ciprofioxacin
Clindamycin*
Erythromycin**
Gentamycin*
Levofloxacin
Linezolid
Moxifioxacin
Oxacillin
Penicillin**
Quinupristin-dalfopristin
Rifampicin
Teicoplanin
Tetracycline**
Trimethoprim-sulfamethoxazole

Vancomycin

Antibiotic

2015 or after

Before 2015

Amikacin
Ampicillin
Ampicillin-sulbactam
Aztreonam
Cefazolin
Cefepime*
Cefoperazone-sulbactam
Ceftazidime
Ceftriaxone
Ciprofloxacin**
Gentamycin
Imipenem**
Levofloxacin**
Meropenem**
Piperacillin-tazobactam*

Tobramycin

Trimethoprim-sulfamethoxazole**-

Fig. 6 Antibiotic resistance rates for Staphylococcus aureuns and Klebsiella pneumoniae in different year subgroups (*P < 0.05,

*P<0.01, and **P<0.001)

Despite the strict adherence to the PRISMA
guidelines in this study, certain limitations
need to be considered. First, considerable het-
erogeneity among the included studies was
observed, and subgroup analyses and meta-
regression analysis could not fully explain
the sources of heterogeneity. Second, because
small-sample studies are prone to chance
results, studies with fewer isolated pathogens
associated with burn infection were excluded

from the analysis, resulting in missing detec-
tion data for some provinces. Third, the data
used for the meta-analysis were retrieved from
public databases, which provide limited clini-
cal information, such as patient injury fac-
tors, burn sites, burn areas, and burn depths,
making it impossible to analyze potential fac-
tors affecting the distribution of pathogens in
patients with burn injuries.
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CONCLUSIONS

The results of this study indicate that, in
China, the most common gram-positive bac-
teria involved in burn infections are Staphy-
lococcus aureus and Staphylococcus epidermidis,
while the most common gram-negative bac-
teria are Pseudomonas aeruginosa, Acinetobacter
baumannii, and Klebsiella pneumoniae. Wound
infections are the most common type of infec-
tions in patients with burn injuries. The com-
mon pathogens observed in wound infections
of patients with burn injuries were consistent
with those from clinical samples of all types,
with a slight difference in the ranking, such
that the detection rate of Staphylococcus epider-
midis was greater than that of Klebsiella pneu-
moniae. Additionally, we found that the ana-
lyzed pathogens exhibited very high levels of
resistance to penicillin antibiotics and some
cephalosporin antibiotics. Therefore, infections
caused by these bacteria may have a high inci-
dence and lead to high mortality, highlight-
ing the critical importance of effective preven-
tion and treatment strategies to improve the
prognosis of individuals suffering from burns.
There is an urgent need to develop more effec-
tive antibiotics to address potential infections
in patients with burn injuries. Moreover, effec-
tive management of the clinical environment
to reduce the quantity of environmental path-
ogens can effectively lower the incidence of
nosocomial infections. Notably, the proportion
and resistance of Klebsiella pneumoniae have
significantly increased, which warrants atten-
tion in clinical practice to prevent infection
outbreaks among individuals suffering from
burns.
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