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Abstract: Objective: To provide a reference for the treatment of bacteria causing nosocomial infection in in patients 
with hand and foot trauma. Methods: This retrospective study was conducted in 160 patients with bacteria causing 
nosocomial infection in hand and foot trauma. Pathogenic bacteria were isolated and identified by an automatic 
bacterial identification system. Distribution characteristics and drug resistance of these bacteria were then ana-
lyzed. Results: In total, 48 gram-positive bacteria (28.9%) and 118 gram-negative bacteria (71.1%) were identified. 
Most gram-positive bacteria had strong drug resistance. Their resistance to penicillin and cefotaxime were strong 
(both about 10.0%). However, their resistance to vancomycin was weak (over 90.0%). Gram-negative bacteria com-
monly present in hospitals are resistant to most antibacterial drugs at different levels. However, they were suf-
ficiently sensitive to imipenem and Shupushen, reaching a sensitivity of over 85.0%. Conclusion: Gram-negative 
bacteria are the main bacteria causing nosocomial infection in patients with hand and foot trauma. These bacteria 
are resistant to antibacterial drugs commonly used in clinical practice. The distribution characteristics and drug 
resistance of pathogenic bacteria play an important role in rational clinical medication.

Keywords: Hand and foot trauma, gram-positive bacteria, gram-negative bacteria, distribution of pathogenic bac-
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Introduction

In recent years, the incidence of hand and foot 
trauma has significantly increased. Patients 
with moderate and severe hand and foot trau-
ma are treated with surgery. Some open surgi-
cal wounds contaminated to different degrees 
are prone to wound infection. A variety of com-
plications are observed and risks of surgery are 
raised. Patients can be in danger of losing their 
life. Therefore, the prevention of anti-infection 
is always performed during surgery [1, 2].

With the advent and widespread application  
of antibacterial drugs, infection has been effi-
ciently controlled for a long time. However, 
there are more and more bacteria with drug 
resistance. The development of antibacterial 

drugs falls behind the drug resistance of patho-
genic bacteria, making infection a global medi-
cal problem [3, 4]. Targeted application of an- 
tibacterial drugs and decreased range and fre-
quency of broad-spectrum drugs contribute to 
the reduction of both generation and spread of 
drug-resistant bacteria. There is an urgent need 
to solve this major medical problem as soon as 
possible [5].

Here, an epidemiological study of bacteria ca- 
using nosocomial infection in patients with 
hand and foot trauma was conducted. The 
types of pathogenic bacteria were identified, 
and their drug resistance was analyzed. With a 
more standardized anti-infection treatment and 
controlled generation and spread of drug-resis-
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tant bacteria, the application of antibacterial 
drugs is more rational and effective.

Materials and methods

General information

A retrospective study was performed in 160 
patients diagnosed with bacteria causing no- 
socomial infection in hand and foot trauma in 
Jinxiang People’s Hospital between September 
2017 and September 2019. To be specific, th- 
ere were 88 males and 72 females. These pa- 
tients were between 17 and 54 years old, and 
the average age was 32.5±12.4 years old. They 
were diagnosed under the criteria for bacteria 
causing nosocomial infection described in doc-
ument [2001] No. 2, which was enacted by  
the Department of Pharmaceutical Affairs of 
the Ministry of Health [6]. Wound exudates, 
sputum, and urine were the three major sample 
types. 

This study was approved by the Ethics Com- 
mittee of Jinxiang People’s Hospital. An infor- 
med consent was signed by patients.

The isolation, cultivation and identification of 
pathogenic bacteria were conducted according 
to the methods described in the National Gui- 
delines for Clinical Inspection Operation. Drug 
sensitivity test was also performed using the 
standardized methods.

Instruments, reagents and bacteria strains

Instruments: Full-automatic microbial identifi-
cation instrument (Biolog, USA); CO2 incubator 
(Shanghai Yiheng Scientific Instrument Co., 
Ltd., China); biological safety cabinet (Jinan 
Xinbeixi Biotechnology Co., Ltd., China); optical 
microscope (Olympus, Japan).

Reagents: Antimicrobial susceptibility test stri- 
ps (Beijing Tiantan Biological Products Co., Ltd., 
China); culture bottles (Shandong Xinke Bio- 
technology Co., Ltd., China); bacteria identifica-
tion and drug sensitivity test plates (BioMérieux, 
France); blood, China blue, chocolate, and Mac- 
Conkey agar medium (Beijing Baiaolaibo Tech- 
nology Co., Ltd., China). 

Bacteria strains: Staphylococcus aureus AT- 
CC25923, Pseudomonas aeruginosa ATCC27- 
853, and Escherichia coli ATCC25922 (Jiangsu 

provincial Center for Disease Prevention and 
Control).

Methods

Isolation, cultivation and identification of patho-
genic bacteria: Isolation and cultivation: The 
infected area of the patients was cleaned using 
0.9% physiological saline. After cleaning, the 
exudate existing in patients’ infected part was 
collected by a sterile cotton swab. The swab 
was then preserved in a sterile bag and sealed 
before delivering to the cultivation room. Spu- 
tum and urine were directly packaged in a ster-
ile bag. Samples were handled in a biological 
safety cabinet. With the help of inoculating 
loops, these samples were seeded in plates 
prepared with China blue, blood, and McCain 
agar medium, respectively. Thereafter, they we- 
re cultured at 37°C for 48 h [7].

Identification: The whole procedure was per-
formed using VITEX 2 Compact System soft-
ware. Specifically, bacteria were made into  
suspensions and injected into the test card 
(gram-positive or gram-negative) of the full-
automatic microbial identification instrument. 
After sealing, the card was placed into the CO2 
incubator. The test result, which is based on 
the growth of bacteria cultured in the biochemi-
cal reaction wells, was recorded by the instru-
ment [8].

Drug sensitivity test: The pathogenic bacteria 
successfully isolated from the three kinds of 
samples were purified. Drug sensitivity assay, 
which was performed using K-B paper diffusion 
method, was conducted on bacteria with a  
high prevalence. The procedure is described as 
below: inoculate bacteria on the surface of 
drug sensitivity test plates, and then put filter 
papers containing special antibacterial drugs 
on the surface of the plates. With the perme-
ation of drugs, a transparent antibacterial circle 
was formed around the paper sheet. The stabi-
lized size of the antibacterial circled was applied 
to evaluate the sensitivity of bacteria to drugs. 
Bacteria were divided into drug-resistant, mod-
erately sensitive, and sensitive. Among them, 
moderately sensitive and sensitive bacteria 
were not drug-resistant [9].

Statistical analysis

The enumeration data were analyzed using 
SPSS statistical software version 14.0.
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Results

Distribution of pathogenic bacteria

Bacteria strains: In total, 48 gram-positive  
bacteria (28.9%) and 118 gram-negative bac- 
teria (71.1%) were successfully identified. 
Among them, Staphylococcus aureus (10.8%) 
and Enterococcus (9.6%) were the top two 
gram-positive bacteria, while Pseudomonas 
aeruginosa (16.3%), Acinetobacter baumannii 
(12.7%), and Escherichia coli (12.0%) were the 
three main gram-negative bacteria (Table 1). As 
displayed in Figure 1, the number of pathogen-
ic bacteria was different. Moreover, the total 
number of gram-negative bacteria (118) was 
higher than that of gram-positive bacteria (48). 

Morphological identification

Bacteria with high prevalence were observed 
under oil immersion microscope (100×, 1.25 
oil). Enterococci were round or oval, arranged in 
single, paired or short chain, and without fla-
gella (Figure 2A); Staphylococcus aureus was 
golden yellow, arranged in short and irregular 
grape-shapes (Figure 2B); Pseudomonas aeru-
ginosa was arranged irregularly, and the edges 
of colonies were extended in the shape of an 
umbrella (Figure 2C); Escherichia coli was pink-

Table 1. Bacteria causing nosocomial infec-
tion in patients with hand and foot trauma

Bacteria Number 
(n)

Ratio 
(%)

Gram-positive bacteria 48 28.9%
    Staphylococcus aureus 18 10.8%
    Enterococcus 16 9.6%
    Staphylococcus aureus 5 3.0%
    Staphylococcus epidermidis 4 2.4%
    Other gram-positive bacteria 5 3.0%
Gram-negative bacteria 118 71.1%
    Pseudomonas aeruginosa 27 16.3%
    Acinetobacter baumannii 21 12.7%
    Escherichia coli 20 12.0%
    Serratia fading 11 6.6%
    Enterobacter cloacae 11 6.6%
    Klebsiella pneumoniae 8 4.8%
    Aeromonas hydrophila 8 4.8%
    Proteus vulgaris 5 3.0%
    Other gram-negative bacteria 7 4.2%
In total 166 100%

colored, rod-shaped, and with a few sticky colo-
nies (Figure 2D). The results observed under 
the microscope were consistent with that of 
instrument examination.

Drug sensitivity of major gram-positive bacte-
ria

As displayed in Table 2, resistances of Sta- 
phylococcus aureus and Enterococcus to di- 
fferent antibacterial drugs were about 60%. 
Specifically, their resistances to penicillin and 
cefotaxime were strong (about 90.0% resis-
tant), while their resistance to vancomycin was 
weak (about 8%). Similarly, Figure 3 showed 
that resistances of major gram-positive bacte-
ria to penicillin and cefotaxime were strong 
(91.17%), while resistance to vancomycin was 
weak (8.8%). These results indicated that gram-
positive bacteria present in our hospital are 
resistant to most antibacterial drugs, and van-
comycin is the preferred antibacterial drug for 
the treatment of these bacteria.

Drug sensitivity of major gram-negative bacte-
ria

As shown in Table 3, gram-negative bacteria, 
such as Pseudomonas aeruginosa, Acineto- 
bacter baumannii, and Escherichia coli, were 
widely present in our hospital and resisted 
most antibacterial drugs with a sensitivity rang-
ing from 50% to 70%. However, their resistanc-
es to imipenem and Shupushen were only 
about 15%, suggesting that these bacteria 
were sufficiently sensitive to the two drugs. 
Similarly, Figure 4 displayed that resistance of 
major gram-negative bacteria to imipenem 
(17.65%) and Shupushen (16.17%) were strong. 
These results suggested that imipenem and 
Shupushen are the two preferred antibacterial 
drugs for the treatment of gram-negative bacte-
ria present in our hospital.

Discussion

Recently, the incidence of hand and foot trau-
ma has significantly increased. Patients with 
large wounds are prone to contamination. They 
can suffer from delayed prognosis recovery and 
even disability, which severely influences the 
life quality of patients [10, 11]. Therefore, it  
is necessary to take effective measures to  
prevent nosocomial infection. The primary 
approach applied in the prevention and treat-
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Table 2. Resistance of major gram-positive bacteria to antibacte-
rial drugs (n, %)
Antibacterial drugs Staphylococcus aureus (n=18) Enterococcus (n=16)
Penicillin 16 (88.9%) 15 (93.8%)
Erythromycin 11 (61.1%) 10 (62.5%)
Gentamicin 12 (66.7%) 9 (56.2%)
Vancomycin 2 (11.1%) 1 (6.25%)
Piperacillin 13 (72.2%) 10 (62.5%)
Levofloxacin 13 (72.2%) 11 (68.8%)
Cefazolin 11 (61.1%) 9 (56.2%)
Cefotaxime 17 (94.4%) 14 (87.5%)
Clindamycin 12 (66.7%) 10 (62.5%)
Tigecycline 12 (66.7%) 10 (62.5%)

ment of nosocomial infection 
is antibacterial therapy. Novel 
antibacterial drugs have been 
generated and upgraded year 
by year. However, resistance 
of pathogenic bacteria to 
commonly used antibacterial 
drugs is gradually increasing, 
and rises even faster than 
before [12, 13]. The two main 
challenges we are facing are 
the rational selection and ab- 
use control of antibacterial 
drugs. In order to improve the 
therapeutic effect of antibac-
terial drugs and avoid the gen-
eration of drug-resistant bac-
teria, doctors should choose 
antibacterial drugs rationally 
[14-16]. Here, 160 patients 
diagnosed with bacteria caus-
ing nosocomial infection in 
hand and foot trauma in our 
hospital were enrolled in this 
study. The distribution char-
acteristics and drug resis-
tance of these bacteria were 
analyzed. 

As shown in this study, the 
bacteria were mainly gram-
negative. In addition, Pseu- 
domonas aeruginosa, Acine- 
tobacter baumannii, and Es- 
cherichia coli were the top 
three (41%). There was no fun-
gal infection, indicating that 
the use of broad-spectrum 
antibacterial drugs is relative-

Figure 1. Distribution characteristics of pathogenic bacteria. A. Distribution characteristics of gram-positive bacte-
ria. B. Distribution characteristics of gram-negative bacteria.

Figure 2. Morphology of several pathogenic bacteria (100×, 1.25 oil). A. 
Enterococcus (gram-positive bacteria). B. Staphylococcus aureus (gram-
positive bacteria). C. Pseudomonas aeruginosa (gram-negative bacteria). D. 
Escherichia coli (gram-negative bacteria).
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Figure 3. Resistance of major gram-positive bacteria to antibacterial drugs.

Table 3. Resistance of major gram-negitive bacteria to antibacte-
rial drugs (n, %)

Antibacterial drugs Pseudomonas 
aeruginosa (n=27)

Acinetobacter 
baumannii (n=21)

Escherichia 
coli (n=20)

Tobramycin 16 (59.3%) 14 (66.7%) 11 (55.0%)
Amikacin 17 (63.0%) 13 (61.9%) 14 (70.0%)
Shupu Shen 4 (14.8%) 3 (14.3%) 4 (20.0%)
Aztreonam 16 (59.3%) 11 (52.4%) 11 (55.0%)
Ceftazidime 14 (51.9%) 12 (57.1%) 12 (60.0%)
Cefazolin 14 (51.9%) 11 (52.4%) 10 (50.0%)
Imipenem 5 (18.5%) 4 (19.0%) 3 (15.0%)
Ceftriaxone 16 (59.3%) 14 (66.7%) 11 (55.0%)
Levofloxacin 17 (63.0%) 13 (61.9%) 12 (60.0%)
Cefoperazone 15 (55.6%) 11 (52.4%) 14 (70.0%)

Figure 4. Resistance of major gram-negative bacteria to antibacterial drugs.

ly standardized. Wieland et al. 
reported that Pseudomonas 
aeruginosa is the main bacte-
ria causing nosocomial infec-
tion, which is consistent to 
our result [17-19]. Staphy- 
lococcus aureus and Entero- 
coccus were the main gram-
positive bacteria. When com-
pared with other regions, the 
prevalence of Staphylococcus 
aureus in our hospital was  
not high. The difference might 
be related to the types of 
sample [20]. The incidence  
of complex nosocomial infec-
tion was rare, suggesting that  
the control of multiple noso-
comial infections of hand and 
foot wound trauma in our hos-
pital was comprehensive and 
effective. Medical staff in our 
hospital pay great attention to 
the process of hand washing. 
It was reported that nosoco-
mial infection caused by med-
ical staff account for about 
1/3 of infection. Qualified ha- 
nd washing is the most eco-
nomical and effective method 
to prevent the spread of dis-
eases [21].

At present, the increased re- 
sistance of pathogenic bacte-
ria to antibacterial drugs was 
caused by the abuse of these 
drugs. Nosocomial infection 
is becoming more and more 
serious, making the effective 
treatment of this disease mo- 
re and more difficult. In this 
study, we found that resis-
tance of major gram-positive 
bacteria to antibacterial drugs 
was strong. The sensitivity of 
these bacteria to penicillin 
and cefotaxime were only 
about 10.0%, while 90.0% 
resistant to vancomycin. Re- 
sistance of major gram-nega-
tive bacteria to most antibac-
terial drugs was different. The 
sensitivity of these bacteria  
to imipenem and Shupushen 
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were both over 85.0%, displaying sufficient 
anti-infection effect. These results indicated 
that rational selection of antibacterial drugs in 
clinical practice is of great importance for the 
prevention and treatment of nosocomial in- 
fection. As for the application of antibacterial 
drugs, China is facing a grim situation. Phodha 
et al. reported that useless treatment of about 
30% hospitalized patients is caused by the 
resistance of pathogenic bacteria [22].

In order to improve the therapeutic effect, med-
ical staff should classify and grade susceptibil-
ity status of pathogenic bacteria. Here, we only 
studied the distribution characteristics and 
drug resistance of pathogenic bacteria at the 
present stage, and performed no longer-term 
follow-up analysis. In addition, we merely dis-
cussed the distribution characteristics of bac-
teria causing nosocomial infection in patients 
with hand and foot trauma. Patients with other 
diseases were not included. Moreover, the 
sample size was insufficient. Last but not the 
least, there were no comprehensive compari-
sons concerning the occurrence of nosocomial 
infection and many other factors, such as the 
quality of medical care, nursing professional-
ism, medical environment, etc. Therefore, fol-
low-up study should be regularly conducted to 
monitor, analyze, summarize, and optimize the 
present research. Subsequent studies will con-
centrate on expanding the breadth and depth 
of this study to provide a more rational preven-
tion and treatment measure for nosocomial 
infection.

In summary, patients with hand and foot trau-
ma are mainly infected with gram-negative bac-
teria. These bacteria are resistant to antibacte-
rial drugs commonly used in clinical practice. 
We should be aware of the distribution charac-
teristics and drug resistance of pathogenic bac-
teria, which are of great importance for the 
selection of rational clinical medication.
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