
Page 1/13

Epidemiologic correlation and drug resistance
analysis of pathogenic bacteria in different open
limb injury external conditions
Bin Zhang  (  yxwzb11@126.com )

First A�liated Hospital of Nanchang University
Bang-lin Xie 

First A�liated Hospital of Nanchang University
Jia-Qiang Xu 

First A�liated Hospital of Nanchang University
Li-jun Wan 

First A�liated Hospital of Nanchang University
Xiao-wei Yang 

First A�liated Hospital of Nanchang University
Wen-ye Yao 

First A�liated Hospital of Nanchang University
Zhi Yi 

First A�liated Hospital of Nanchang University
Niya Hu 

First A�liated Hospital of Nanchang University
Run-sheng Guo 

First A�liated Hospital of Nanchang University

Research article

Keywords: open injury of limbs, infection, apparent temperature, relative humidity, pathogenic bacteria,
drug resistance

Posted Date: January 16th, 2020

DOI: https://doi.org/10.21203/rs.2.21002/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.21002/v1
mailto:yxwzb11@126.com
https://doi.org/10.21203/rs.2.21002/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
OBJECTIVES To study the epidemiological correlation and drug resistance of external factors of infection
caused by open injury of limbs to pathogens.

METHODS We retrospective analyzed 2017 strains of pathogenic bacteria in a university hospital from
2012 to 2017.Patients were divided into three groups: I. In-hospital infection of clean limb incision, II. In-
hospital infection with open injury, III. Community infection with open injury of the limb. We divided
patients into six groups based on injury mechanism to explore the relationship between the main
pathogens and damage mechanism, apparent temperature and relative humidity.

RESULTS No signi�cant difference was seen in the distribution of pathogens among the three groups.
The drug resistance of group III was signi�cantly lower than that of group II and group I. The correlation
between the injury mechanism and infection of pathogenic bacteria was not signi�cant. The monthly
average apparent temperature and relative humidity were correlated with the infection rate of pathogenic
bacteria.

CONCLUSION In open injury of extremities, apparent temperature and relative humidity is an important
risk factor for infection by pathogenic bacteria.The drug resistance of pathogenic bacteria in out-of-
hospital infection was lower than that of hospital infection.

Introduction
Background

In recent decades, investigators in many institutions have been actively exploring the relationship
between meteorological environment and human health to reduce the adverse impact of climate change
on human health. Studies have found environmental factors that induce diseases; for example, mumps,
rubella, scarlet fever, hand foot mouth disease, and other infectious diseases display regional factors,
mainly concentrated in schools and kindergartens [1], while a variety of foodborne diseases [2], as well as
tracheitis, encephalitis B [3], and other diseases depend on various seasonal factors. Studies show that
Staphylococcus aureus and coagulase negative Staphylococcus are seasonal according to
meteorological and calendar data and are the main causes of infections after orthopedic surgery [4,5].
Apparent temperature, humidity, and precipitation are important factors for the survival of pathogens [6].
There may be many meaningful ecological relationships between the occurrence of diseases and
development of natural environment and related climate factors.

With the development of society, there is a yearly increase in the incidence of high-energy injury, including
tra�c, sports, and mechanical injuries, such as knife injuries, smashing injuries, and fall injuries [7,8]. The
level and mode of the energy that causes the injury leads to characteristic wound classi�cation of soft
tissue and bone, including: 1. Suture 2. Exposure of epidermis/dermis 3. Exposure of subcutaneous
tissue and 4. Exposure of musculoskeletal tissue [9]. In addition, in cases of tra�c accident injury,
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contusion, and laceration, soil and sediment residues may be found that might contain an abundance of
microorganisms. There can be billions of microorganisms in 1 g soil, glass debris left after glass cutting,
fruit chips often left after fruit knife stabbing, etc., that may lead to wound infections and various types of
colonizing bacteria. Some studies have suggested that apparent temperature, relative humidity, rainfall,
sunshine, and cloud cover have an impact on several foodborne diseases [2]. Studies have also shown
that humidity and apparent temperature are potential important risk factors for increasing the risk of deep
prosthetic joint infection in patients after TKA [10].

Rationale

To date, no study has been reported on external factors, including apparent temperature, humidity, and
injury as risk factors of limb infection and their impact on the epidemiology and drug resistance analysis
of pathogenic bacteria. Therefore, we conducted a retrospective cohort study in a tertiary hospital in
Nanchang, China, to measure the effect of external factors on the epidemiology and drug resistance of
pathogens in acute open injury of the limb.

Patients/methods
Study design and setting

Nanchang is located in the north of central Jiangxi, the lower regions of Ganjiang River and Fuhe River,
the southwest Bank of Poyang Lake, between 115°27' to 116°35' E and 28°10' to 29°11' N. Nanchang is
surrounded by mountains, hills, and plains, of which plains constitute approximately 35.8%, hillocks and
low hills approximately 34.4%, and water body constitutes 2204.37 km/m2 (29.78%). Nanchang city has
a subtropical humid monsoon climate, which is humid and mild with su�cient sunshine. It has long mid-
summers and winters but short spring and autumn seasons. The annual average temperature is 17 ℃–
17.7 ℃; the highest and lowest temperatures ever recorded were 40.9 ℃ and − 15.2 ℃, respectively.
Because of the varying monsoon intensities and advance and retreat time, the temperature �uctuates
greatly, and the precipitation distribution is uneven. The annual rainfall is 1600–1700 mm, with 147–157
precipitation days, 5.6 annual average rainstorm days, and annual average relative humidity of 78.5%.

Participants

From January 2012 to July 2017, 1589 patients with limb infections in the Department of Orthopedics of
the First A�liated Hospital of Nanchang University were analyzed retrospectively, and they were divided
into three groups: I. infection of clean incision of limbs in our hospital; II. infection of open injury of limbs
48 hours after hospitalization, i.e., in-hospital infection group with open injury; and III. infection of open
injury of limbs before 48 hours hospitalization, including infection occurred before admission; i.e.,
Community infection group with open injury of the limb. These three groups showed 2017 strains of
pathogenic bacteria. The causes of trauma included: accidents from non-motor vehicles, machinery,
cutting/piercing, pedestrian injuries, struck by/against, pedal cycles, and other injuries [11]. Groups II and
III were divided into six subgroups to explore the correlation between them and the incidence of eight
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common orthopedic pathogens: “gram-positive(mainly including Staphylococcus), gram-negative (mainly
Enterobacteriaceae), and to compare the differences between them and the resistance of orthopedic ward
colonized bacteria.

The inclusion criteria were as follows: (1) availability of complete clinical data, (2) open injuries in group
II and III, (3) diagnosis of surgical site infection (i.e. purulent discharge from the wound, natural rupture of
the wound, positive culture, or gram-positive staining) based on the criteria established by the Joint
Committee of International Health Organization (2002); or �nding of incision swelling or drainage,
infection, or gaping of the incision wound by the surgeon; (4) group I underwent aseptic surgery and were
diagnosed with nosocomial infection according to the diagnostic standard for nosocomial infections
(Ministry of health of the People's Republic of China, 2001) [12]; and (5) bacterial culture in the secretion
or incision drainage �uid was positive. The exclusion criteria were: (1) repeated pathogens were cultured
from the same site; (2) contaminating bacteria; (3) combination with other infectious diseases; (4)
combination with autoimmune, infectious, or severe diseases and organ function damage.

Description of the experiment

Meteorological data were collected from the China Meteorological data sharing network. The data were
collected from the monthly report of the ground meteorological records submitted by the climate data
processing departments of each province, city, and autonomous region. The data set is the monthly data
set of China's 613 basic and benchmark ground meteorological observation stations and automatic
stations since 1951. These data includes the monthly average apparent temperature (°C), monthly
average humidity, and monthly average temperature and humidity of Nanchang City from January 2012
to July 2017. The daily average weather data matching for climate factors in all locations in Nanchang
area is uploaded by the base station.

Examination method

The isolation media for the drug susceptibility tests were 90-mm Chinese blue agar medium (Shanghai
Kemajia Biotechnology Co., Ltd.) and Colombian blood agar medium (Shanghai Kemajia Biotechnology
Co., Ltd.). Pathogen identi�cation and drug susceptibility test were performed using the VITEK-2 Compact
automatic bacterial tester (BioMerieux, Hazelwood, MO, USA). Drug sensitivity was evaluated according
to the Clinical and Laboratory Standards Institute (CLSI, 2017) standards.

The study was approved by the Ethics Committee of The First A�liated Hospital of Nanchang University
(approval #20180910), and all participants provided written informed consent.

Statistical Analysis

SPSS v22.0 was used for statistical analysis of the data, Friedman's two-way ANOVA was used to
analyze the difference between the injury mechanism and incidence of pathogenic bacteria. The Pearson
correlation coe�cient was used to determine the relationship between injury mechanism, monthly
average apparent temperature, monthly average relative humidity, and the incidence of pathogenic
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bacteria. Linear regression was used to determine the trend between the incidence of major pathogens
and seasonal temperature and humidity. The level of signi�cance was set as p < 0.05. All data were
stored in Microsoft Excel for statistical analysis.

Results
Bacterial distribution

The three groups were mainly infected by gram-negative bacteria (Table 1). The eight groups of
pathogenic bacteria that showed the highest incidence were Enterobacter cloacae, Staphylococcus
aureus, Pseudomonas aeruginosa, Baumann/Acinetobacter haemolyticus, Escherichia coli,
Staphylococcus epidermidis, Klebsiella pneumoniae, and Enterococcus faecalis. The pathogenic bacteria
were the E. cloacae, Staph. aureus, K. pneumoniae, and E. faecalis. No signi�cant differences were seen
in the distribution of pathogenic bacteria (Table 2).

Drug resistance of pathogenic bacteria

The drug resistance of group III was signi�cantly higher than that of groups II and I. Drug resistance of
pathogenic bacteria in out-of-hospital infection was lower than that in hospital infection. Among them,
gram-negative bacteria were resistant to the �rst- and second-generation cephalosporins, including
cefotetan and cefazolin, and ampicillin and other penicillins, while they were sensitive to third-generation
cephalosporins, such as ceftazidime, as well as to levo�oxacin and other quinolones, meropenem, and
other beta-lactamases. Gram-positive bacteria were resistant to cephalosporin, ceftriaxone and other
cephalosporins and erythromycin and other macrolides; penicillins such as oxacillin showed strong
resistance. They were sensitive to vancomycin and linezolid (Fig. 1).

Correlation between pathogenic bacteria and external conditions

Distribution statistics of six trauma factors and pathogens in groups II and III Friedman's two-way ANOVA
of rank (P > 0.05), i.e. the distribution of pathogens under six trauma factors was the same (Table 3).

Pearson analysis was performed on apparent monthly temperature, relative monthly humidity and
infection rate of G+/G-. Temperature was an independent risk factor in part of the group III (non-motor
vehicles, machinery, struck by/against injury and all group) and part of the group II (non-motor vehicles,
struck by/against, pedal vehicle injuries) P < 0.05. There was no signi�cant correlation between the
monthly mean relative humidity and the infection rate of G+/G-. On the analysis of six kinds of main
pathogenic bacteria infection rate and the average monthly apparent correlation of temperature, relative
humidity, temperature were independent risk factors in part of the group III (cutting/piercing, pedestrian
injuries; P. aeruginosa infection) and subgroups in group II (machinery infection with K. pneumoniae,
pedestrian injury infections with Enterobacter cloacae) P < 0.05. The monthly average relative humidity
was an independent risk factor in part of group II (for non - motor vehicles with A. baumannii infection, for
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cutting/piercing; E. cloacae) and part of group III (for machinery infection with A. baumannii, for
pedestrian injury infections with S. aureus), P < 0.05 (Table 4, 5).

Multiple linear regression analysis of G+/G- infection rate and monthly mean apparent temperature,
relative humidity revealed that average monthly temperature and part of the group III (cutting/piercing, all
G +/G -), part of group II (pedestrian injuries infection of G-, pedal cycles infected G +, all G +/G -)
positively correlated with the infection rates (P < 0.05); however, the highest R2 �tting degree was 0.211.
There was no signi�cant linear relationship between monthly average relative humidity and G+/G-. In the
analysis of the relationships between the six main pathogenic bacteria and the monthly apparent
temperature and relative humidity, no obvious linear relationships between pathogenic bacteria were
found (Tables 4, 5).

Discussion
No signi�cant differences were seen in the distribution of pathogens among the three groups. The drug
resistance of group III was signi�cantly lower than that of groups II and I. The correlation between injury
mechanism and infection by pathogenic bacteria was statistically signi�cant. Univariate and multivariate
analyses showed statistically signi�cant relationships for G+, G-, and pathogenic bacteria with
temperature and partial injury mechanism infection.

We found no signi�cant differences in the distribution of pathogens among the three groups. This is
consistent with the results of the distribution of pathogenic bacteria infection in limb wound in china and
abroad [13–16]. The overall drug resistance of pathogenic bacteria in group III was lower than that of
groups I and II. At present, no relevant research in orthopedics has been found. In the �elds of respiratory
tract, urinary tract, infections and burns, it has been reported that the drug resistance of pathogenic
bacteria in community-acquired infection was lower than that in hospital-acquired infection [17–19]. This
may be related to the routine and widespread use of antibiotics in inpatients, and resistance of the
pathogenic bacteria that lead to the presence of drug-resistant strains under the effect of antibiotic
selection and ultimately lead to nosocomial infection [20].

Non-motor vehicle transport injury is a serious high-energy injury, and the injury mechanism is complex.
Comminuted fractures are common, often combined with severe soft tissue and other important organ
injuries [21]. Mechanical injury is caused by direct contact between the moving (static) parts, tools, or
machined parts of mechanical equipment and human body, including pinch, collision, shearing,
entanglement, stranding, grinding, cutting, and stabbing. The exposed transmission parts (such as gears,
shafts, tracks and reciprocating parts of all kinds of rotating machinery) may cause mechanical injuries
and may lead to skin peeling, subcutaneous bleeding, trauma, fracture, visceral rupture, and limb
amputation [22]. Most cutting/piercing injuries are linear, with varying lengths and depths of wounds,
smooth edges, intact and opposite edge on both sides, sharp angles, �at walls, absence of tissue bridges
in the wound cavity, and the ability to cut off the periosteum of the wound bottom leaving linear
scratches on the bone. The degree of bleeding is related to the length and depth of the injury. When the
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human body contacts the ground at certain angles and speeds, the damage is often distributed on one or
multiple parts of the body (when rolling occurs), and bruises are often formed on the exposed parts of the
body (such as hands and faces) [23]. Struck by/against injuries cause open, extensive tissue contusion,
bleeding, and swelling. Although nerves, blood vessels, and tendons are injured by contusion and
pressure, their continuity is maintained, resulting in tissue ischemia, edema, further liquefaction, and
necrosis. Extensive scar, adhesion, and contracture are formed in the late stages [24]. Pedal vehicle injury
refers to those caused by throwing of the human body resulting in falling on the ground under the action
of a motor vehicle. Because the body absorbs the kinetic energy of the moving vehicle, the impact of the
front and rear of the vehicle on the human body can not only cause direct impact injury, but also cause
the human body to fall, resulting in indirect damage. 23 Many trauma mechanisms have various energy
levels, which generate the varying degrees of damage and shapes to soft tissues and bones, different
types of wounds, and also different types of pollutants. We found no signi�cant difference in bacterial
infection caused by different trauma mechanisms. When skin mucosal protection and immune function
are damaged to different degrees, there is no disease-causing bacteria that are more likely to colonize
and invade.

We found a signi�cant correlation between apparent temperature and pathogen infection. Ramos et al.
showed an incremental change in the incidence of speci�c infections associated with seasonal changes
in temperature, humidity, and precipitation caused by P. aeruginosa [25]. Townsley et al. showed that the
formation of bio�lm of the bacteria was related to different apparent temperatures [26]. Di Ciccio Et al
howed that the surface hydrophobicity of the cells increased with increase in the apparent
temperature[27]. At 37 °C and 12 °C, the difference in hydrophobicity was statistically signi�cant. Ochiai
et al. showed that bio�lm formation of V. cholerae was induced by increase in c-di-GMP levels at low
temperature [28]. All strains missing within the gene framework of V. cholerae were predicted to encode
either diguanylcyclase (DGCs) or phosphodiesterase (PDEs) and were screened to participate in low-
temperature induced bio�lm formation and Vibrio polysaccharide (VPS) gene expression. The results
showed that DGCs were used to regulate the apparent temperature of cyclic-di‐GMP (cdGMP). They also
demonstrated that in gram-negative pathogens, the apparent temperature regulates the level of cdGMP in
a similar manner, but not in Listeria. This reveals the role of apparent temperature in bio�lm formation
and cdGMP environmental regulation signaling. Our results show that the apparent temperature was
related to gram-negative and positive bacterial infection with E. cloacae, Pseudo aeruginosa, and K.
pneumoniae.

We also found that the monthly average relative humidity of open limb injury was related to the infection
of pathogens; however, there was no obvious linear relationship. Some studies showed that humidity
itself has an impact on the invasiveness of pathogens. Doroshenko et al. �rst reported the ecological
signi�cance of the development and function of hyphal prokaryotes in soil microbial communities under
extremely low humidity[29]. When the relative humidity of Streptomyces was 0.50, its spores could
germinate, and the length of mycelium increased. At this humidity, the formation of lateral branches
(hyphal branches) was only observed in single bedbug bacteria, and this ability was most substantial in
Streptomyces odorus. Studies on the growth of Streptomyces on agar medium with varying osmotic
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pressures show that when the relative humidity is 0.67, all the spores of Streptomyces germinate and
produce hyphae, without micro�ora. More recently, Lindsay et al. identi�ed that a change in average
humidity between symptom onset and admission in the winter was signi�cantly associated with severity
of illness among children with hematogenous osteomyelitis in the USA [30]. Li Qian et al. showed that the
relative humidity is an important factor affecting the growth and reproduction of microorganisms on �lter
media[31]. Under the condition of 15% low relative humidity, the growth and propagation of bacteria on
the �lter media will be inhibited under the condition of low humidity. However, 50% medium humidity
condition has little effect on the growth and reproduction of bacteria. Therefore, under medium humidity
conditions, bacterial growth will have a long stable period in the early and later stages of culture. When
the relative humidity is in the range of 40–60%, the relative humidity has no effect on the growth rate of
bacteria. High humidity condition is most suitable for bacterial growth and reproduction. Under this
condition, the growth curve of the microbes is similar to the typical growth curve of microbe, and the
growth of microbe on the �lter material will be obvious with the growth of culture time. The relative
humidity change in Nanchang area is relatively large. In the last �ve years, the maximum monthly relative
humidity change can reach 36%. The reason why there is no linear relationship may be that in addition to
the monthly relative humidity, there are also many factors such as human environment and immune
system homeostasis that affect the colonization of pathogenic bacteria

Limitations

Our investigation had many limitations:

1). We did not record the speci�c apparent temperature and relative humidity at the time of damage;
therefore we could only use the monthly mean apparent temperature and relative humidity for the study.
2) Because a number of patients with trauma shows seasonal variations, the number of patients with
trauma in summer and autumn is signi�cantly more than that in spring and winter; hence, we can only
use composition comparison correlation for statistical analysis. 3) Without the support of relevant basic
experiments, it will be valuable to carry out basic research on colonization of pathogenic bacteria in
human open wounds and apparent temperature, humidity, and injury mechanism, and establish research
without other interference factors 4. Group II may not exclude some out-of-hospital infections whose
incubation period exceeds 48 hours. A small number of nosocomial pathogens are planted 48 hours after
admission. 5) The damage mechanism was studied. The effect of apparent temperature and humidity on
pathogens is more suitable for areas with similar conditions, and its practicability may be limited in other
conditions.

Conclusion
In our study, apparent temperature and relative humidity is an important risk factor for infection with
pathogenic bacteria; however, there is no obvious correlation with the injury mechanism. At present, more
research is needed to con�rm this possibility. The drug resistance of pathogenic bacteria in out-of-
hospital infection was lower than that in hospital infection.
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Figure 2

Drug resistance of three groups of main pathogens
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