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Abstract: To assess the application of antibacterial agents, alongside pathogen, prevalence and Pseudomonas aeruginosa drug 

resistance, with the aim of understanding the impact of inappropriate antibacterial use. This retrospective study assessed bacteria from 

wounds, catheters, blood, faeces, urine and sputum of hospitalized patients in burn wards between June 2018 to December 2018. The 

intensity of use of antibacterial agents and resistance of P. aeruginosa to common anti - Gram - negative antibiotics were measured. 

Annual detection rates of Staphylococcus aureus were significantly decreased, whereas annual detection rates of P. aeruginosa and 

Klebsiella pneumoniae were significantly increased. Multidrug - resistant strains of P. aeruginosa were increased. The intensity of use 

of some anti - Gram negative antibiotics positively correlated with resistance rates of P. aeruginosa to similar antimicrobials. In burn 

wards, more attention should be paid to P. aeruginosa and K. pneumoniae. The use of ciprofloxacin, ceftazidime and cefoperazone/ 

sulbactam should be limited to counter the related increase in resistance levels. 
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1. Introduction 
 

Although treatment for burns has been greatly improved, 

infection remains one of the main causes of death in burn 

patients, especially in critically - ill burn patients. 
1–3

 Indeed, 

compared with other hospitalized individuals, burn patients 

are characterized by skin deficiency, long hospital stays and 

multiple invasive operations, and are therefore more prone 

to infection. In addition, common bacterial species from 

burn patient wounds are constantly changing during the 

course of disease: initially, the burn wound is sterile, but it 

becomes colonized with Gram - positive bacteria such as β - 

haemolytic Streptococcus after 48 h. 
4
 With the application 

of surgical debridement and skin grafting in early surgery, as 

well as extensive use of systemic antibiotics and other 

treatment interventions, Gram - negative bacteria such as 

Pseudomonas aeruginosa can be detected. 
5
 During 

treatment, bacterial resistance also changes with the 

application of significant amounts of antibacterial agents. 
6
 

Furthermore, bacterial prevalence differs between the burn 

wards of Gram - positive organisms. 
8
 Therefore, in the 

treatment for burns, regular monitoring of bacterial 

epidemiology in hospital wards is critical for the rational use 

of antibiotics. 
9
 different hospitals: some are dominated by 

Gram - negative bacteria, 
7
 while others predominantly 

report 

 

In our burn ward, P. aeruginosa is the most prevalent 

bacteria, 
10

 and it is particularly difficult to treat. Indeed, P. 

aeruginosa harbours many virulence factors, including 

elastase, exotoxin A, phospholipase and homoserine lactone. 
11

 In addition, this organism possesses a variety of drug 

resistance mechanisms: inactivation or suppression of 

enzyme production, increased expression of an active efflux 

pump system, biofilm formation, and loss or decreased 

expression of outer membrane proteins. 
12, 13

 Therefore, 

multidrug - resistant (MDR) and extensively drug - resistant 

(XDR) strains are common. Burn patients infected with P. 

aeruginosa show a higher mortality rate. 
14

 Therefore, the 

development of effectively therapeutic strategies to treat P. 

aeruginosa infection has been the focus of our study group.  

The widespread application of antibacterial agents has 

resulted in increasing levels and severity of bacterial 

resistance, 
15, 16

 which in turn, demands greater use of 

antibacterial agents, further aggravating bacterial resistance 

in a vicious cycle. 
6
 Thus, it is essential to select appropriate 

antibacterial agents, to avoid increased patient mortality
17

 

and the economic burden on patients and society. 
18

 

However, in one study, more than 40% of antibacterial 

agents used in a hospital were reported to be inappropriate. 
19

 Similarly, a report from Tehran indicated that 40% of 

antibacterial agent use was inappropriate. 
20

 In the United 

States, irrational application of antibacterial agents has also 

been observed. 
21

 These deficiencies in the rational use of 

antibacterial agents are often accompanied by adverse 

consequences, including high mortality
22

 and increased 

medical costs. 
18

 Therefore, it is not only necessary to 

monitor bacterial prevalence and drug resistance in hospital 

wards, but also antibacterial agent use. An increasing 

number of countries and researchers are now attempting to 

simultaneously monitor antibacterial agent use together with 

bacterial epidemiological data, with the aim of guiding 

policy development for the use of antibacterial agents. 
23

 

However, many previous studies assessing anti - infective 

treatments for burns
7, 8

 only monitored the prevalence and 

drug resistance of common bacteria in wards and neglected 

antibacterial use, making it difficult to understand the impact 

of inappropriate use of antibacterial agents in these cases.  

 

In this retrospective study, we statistically analysed the use 

of antibacterial agents and bacterial epidemiology in wards 

treating burn patients. In particular, the use of antibacterial 

agents and drug resistance of P. aeruginosa were 

simultaneously evaluated, identifying any inappropriate 

antibacterial use. Through this combined analysis, we aimed 

to provide reliable data to guide policy development for the 

rational use of antibacterial agents in burn wards.  

 

2. Materials & Methods 
 

Bacterial sample collection 
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The study was retrospective. Bacterial samples were 

collected from hospitalized patients in the burn wards of 

Rural Hospital, of Nagpur from June 2018 to December 

2018. A total of 96 hospitalized patients were enrolled, 

including 23 men and 48 women, and 25 children. Upon 

admission, the patients received routine preventative 

treatment which comprised lincomycin, and further 

treatment was adjusted according to antibiotic susceptibility 

test results.  

 

Wound secretion specimens were collected for microbial 

culture at the first dressing change after admission, and 

subsequently on a weekly basis. Wound specimens were 

collected by sterile swabs from the wound surface after the 

removal of the dressing. In patients with central venous 

catheters, germiculture was also carried out with 

catheterization specimens and blood samples from 

ipsilateral/contralateral limbs when the catheter was 

extracted. In individuals with hyperpyrexia, diarrhoea, 

pulmonary infection (evidenced by a chest X - ray) and 

urinary tract infection, germiculture was also performed on 

blood, faecal, sputum and mid - stream urine samples, 

respectively.  

 

Bacterial strain isolation and identification 

All samples were routinely inoculated onto Mueller–Hinton 

agar medium procured by Hi Media Pvt. Ltd and incubated 

at 35℃ for 24 h. After bacterial strain isolation and 

purification, identification was carried out using bacterial 

identification on a pseudomonas agar, specific biochemical 

test for identification of strains. Identical bacterial 

identification in different samples from the same patient 

indicated a positive result.  

 

Drug susceptibility test: Drug susceptibility was determined 

by the Kirby–Bauer disk diffusionmethod. Antibiotic discs 

were procured from HiMediaLaboratories, in accordance 

with Clinical and Laboratory Standards Institute (CLSI) 

guidelines. 
24

 A total of six antibiotics were selected for 

assessing the drug resistance of P. aeruginosa, including 

amikacin (30 µg), ceftazidime (30 µg), 

cefoperazone/sulbactam (75/30 µg), imipenem (10 µg), 

meropenem (10 µg) and ciprofloxacin (5 µg). Standard 

strains for quality control were Escherichia coli ATCC 

25922, P. aeruginosa ATCC 27853 and Staphylococcus 

aureus, which were all provided by the ATCC Centre for 

Clinical Laboratory. The results were expressed as the rate 

of resistant strains among all detected P. aeruginosa strains. 

MDR strains of P. aeruginosa were also calculated annually. 

The definition of MDR is resistance to three or more 

antimicrobial classes.  

 

3. Results 
 

From June 2018 to December 2018, a total of 174 

pathogenic strains were isolated, including 43, 6, 8, 15, 24, 

12, 18 and 66 from wound secretions, catheters, drainage 

fluid, throat swabs, blood, faecal and pus samples, 

respectively. The number of detected strains for each 

bacterial species, and the percentage of specific bacteria 

among all detected pathogens, were calculated.  

 

 

Table 1: Pathogens detected from various samples isolated 

from burn patients. 
Sr. No Name of the bacterial strain No of isolates percentage 

1 Staphylococcus aureus 46 26.43% 

2 Staphylococcus epidermidis 27 15.51% 

3 Klebsiella pneumoniae 25 14.35% 

4 Pseudomonas aeruginosa 76 43.67% 

 

Although S. aureus was the second predominant species 

during the work period, its percentage detection significantly 

decreased time to time. A similar decreasing trend was 

found for the detection of Staphylococcus epidermidis, with 

the rate reducing from 8.98%. By contrast, changes in the 

detection rates for P. aeruginosa and Klebsiella pneumoniae 

showed the opposite trend. The detection rate of P. 

aeruginosa significantly increased from 10.20% in July to to 

26.16% till December, with this bacterium being the 

predominant species among Gram - negative bacteria during 

the work. . The detection rate of K. pneumoniae also 

significantly increased from 3.67% in to 12.25% in July to to 

26.16% till December which was the third highest detection 

rate among Gram - negative bacteria. No significant changes 

in the detection rates were found for the other bacterial 

species assessed. Given that P. aeruginosa showed the most 

significant increase in the detection rate, our subsequent 

analyses focused on this bacterium.  

 

From June 2018 toDecember 2018, the use of common 

antibiotics (vancomycin, penicillin, teicoplanin, imipenem, 

meropenem, lincomycin, minocycline, azithromycin, 

ciprofloxacin, cefradine, cefuroxime, ceftazidime, 

cefoperazone/ sulbactam and amikacin) in our department 

varied changes. The use of amikacin (mainly used against 

Gram - negative bacteria) and cephalosporins (used for both 

Gram - negative and Gram - positive bacteria), such as 

ceftazidime, cefoperazone/ sulbactam and cefuroxime, were 

significantly increased throughout the work. Specifically, the 

activity of amikacin increased from 8.65 to 49.41from June 

to December, and that of ceftazidime from 21.84 to 72.0. 

The values obtained for cefoperazone/sulbactam were 17.35 

and 50.62 respectively and those of cefuroxime were 0.05. 

The increasing use of these antimicrobial agents targeting 

Gram - negative bacteria corroborated with the observed rise 

in the detection of Gram - negative bacteria, including P. 

aeruginosa and K. pneumoniae. The use intensities of the 

remaining antibiotics showed no significant increasing or 

decreasing trends.  

 

Antibiotic sensitivity of the above antibiotics carried out in 

Muller Hinton agar and reported the changes occurred 

during the antibiotic susceptibility test. Results of these test 

were reported as below:  

 

AkCefCezCefuImpe Mero TicarPipera 

 

Table: 2. Changes in antibacterial activityused.  
25.64 36.71 74.53 0.48 0.01 20.28 22.48 26.87 

12.03 47.12 111.67 20.1 86.63 68.81 73.31 90.53 

0 0 9.69 5.55 21.55 2.79 5.91 3.68 

0.23 5.55 2.73 3.42 4.13 3.26 2.76 2.66 

0.31 0 1.01 19.71 15.94 19.77 12.85 7.68 
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Changes in P. aeruginosa drug resistance 
The resistance rates of P. aeruginosa to six common anti - 

Gram - negative antibiotics are shown including amikacin, 

ceftazidime, cefoperazone/sulbactam, imipenem, 

meropenem and ciprofloxacin. Interestingly, the resistance 

rates of P. aeruginosa to amikacin, cefoperazone/sulbactam, 

imipenem and meropenem were significantly increased. By 

contrast, the resistance rates of P. aeruginosa to ceftazidime 

and ciprofloxacin showed no significant trend but started to 

rise. These findings indicated that P. aeruginosa resistance 

to antibiotics targeting Gram - negative bacteria generally 

increased over the time period assessed. antibiotics.  

 

The percentage (%) of P. aeruginosa resistant to specific 

antibiotics was measured by the Kirby–Bauer disk diffusion 

method and also the Changes in the prevalence of MDR 

strains of P. aeruginosa.  

 

The number and percentage of detected MDR strains of P. 

aeruginosa were calculated at the end of the work, (Table 4). 

The percentage of MDR strains significantly increased 

fromJune 64.00% to 70% till the end of the study.  

 

Table 4: Multidrug - resistant (MDR) strains of P. 

aeruginosa detected. 

 
Strains % 

June 16 64 

July 24 58.54 

August 29 64.44 

September 57 78.08 

October 68 80 

November 64 95.52 

December 57 86.36 

 

We focused on P. aeruginosa because prevalence rates 

revealed a significant increasing trend, followed by K. 

pneumoniae, another Gram - negative bacterium. By 

contrast, Gram - positive S. aureus and S. epidermidis 

showed a significant decreasing trend in prevalence. This 

was in agreement with a recent study of pathogen prevalence 

and drug resistance in a burn ward, which reported 33.9%, 

52.7% and 13.4% Gram - positive, Gram - negative bacteria 

and fungi, respectively. 
26

 Studies have reported that burn 

patients infected with Gram - negative bacteria, especially P. 

aeruginosa, 
27

 have a higher risk of death. Thus, more 

attention should be paid to Gram - negative bacteria, 

especially P. aeruginosa and K. pneumoniae, in determining 

antibiotic use in burn wards.  

 

Our results revealed that the use intensities of amikacin, 

ceftazidime, cefuroxime and cefoperazone/sulbactam 

showed increasing trends. This might be due to extensive 

detection of Gram - negative bacteria, as these agents are 

commonly employed to treat Gram - negative bacterial 

infections. Although the intensity of use of vancomycin did 

not significantly increase, it remained high and ranked first 

for all of the months assessed This might be attributed to the 

fact that S. aureus always ranked second among the detected 

pathogens, although its rates of detection decreased over 

time.  

 

It has been reported that P. aeruginosa strains detected in 

burn patients are usually MDR, i. e. show resistance to 

ciprofloxacin, cephalexin, aztreonam and ceftriaxone, 
28

 and 

are associated with higher mortality, 
29

 longer hospital stays 

and an increased number of ventilator days. 
30

 Patients with 

resistant P. aeruginosa infection have a poor prognosis and 

it is therefore increasingly important that close attention is 

paid to P. aeruginosa strains displaying severe drug 

resistance. Unfortunately, our study showed that the 

percentage of MDR P. aeruginosa strains in our burn ward 

had increased significantly from 64.00% to 70%. In this 

study, P. aeruginosa presented a significantly increasing 

trend in resistance rates to amikacin, 

cefoperazone/sulbactam, imipenem and meropenem. The 

resistance rates to ceftazidime and ciprofloxacin were also 

increased from 57% to 63%. Extensive use of antibacterial 

agents gradually leads to bacterial resistance. 
15, 16

 We 

speculate that the observed increased resistance rates may 

result from the continuous and significant overuse of these 

antibiotics; and for ceftazidime and ciprofloxacin, this 

overuse appeared to be relatively serious from 2010 to 2012 

(Figure 2).  

 

We further assessed the correlation between intensity of use 

of ceftazidime or ciprofloxacin, and the resistance rates of P. 

aeruginosa. Our results revealed that the intensity of use of 

ceftazidime was not significantly correlated with the 

resistance rates of P. aeruginosa to ceftazidime, and the 

intensity of use of ciprofloxacin was negatively correlated 

with the resistance rates of P. aeruginosa to ciprofloxacin. 

These findings do not contradict the association of drug 

resistance and use intensities of these two antibiotics 

because it may take time to increase P. aeruginosa 

resistance upon antibacterial overuse. For cefoperazone/ 

sulbactam, the intensity of use positively correlated with the 

cefoperazone/sulbactam resistance rate, indicating that 

resistance levels to certain antibiotics may increase without 

delay in P. aeruginosa.  

 

The different timings for the appearance of drug resistance 

following drug overuse in P. aeruginosa may be attributed 

to the different antibiotic mechanisms. Drug resistance 

mechanisms in P. aeruginosa include: inactivating or 

inhibitory enzymes, increased active efflux pump system 

expression, changing target of antibacterial agents, biofilm 

formation, and loss or decreased outer membrane protein 

expression. 
12, 13

 Resistance mechanisms of P. aeruginosa to 

ciprofloxacin mainly include mutations in DNA gyrase and 

topoisomerase IV (encoded by the gyrA and parC genes, 

respectively). 
31

 It takes time for mutations to occur and 

spread within a bacterial population, which may account for 

the delayed drug resistance we observed. Exposure to 

ciprofloxacin may also increase expression of the active 

efflux pump system in P. aeruginosa, as a rapid stress 

response. Such resistance mechanisms often induce P. 

aeruginosa resistance to a variety of antibacterial agents. 
13, 

32
 In agreement with this, we found that the intensity of use 

of ciprofloxacin was positively correlated with the resistance 

rates of bacteria to other antibiotics such as amikacin, 

cefoperazone/sulbactam, imipenem and meropenem. P. 

aeruginosa resistance to cefoperazone/sulbactam has likely 

increased active efflux pump system expression and biofilm 

formation. 
33

 Consistent with this, the intensity of use of 

cefoperazone/sulbactam was also found to be positively 

correlated with the resistance rates of bacteria to amikacin, 
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imipenem, meropenem and cefoperazone/sulbactam itself. 

Extensive use of ciprofloxacin or cefoperazone/sulbactam 

may thereby enable transformation of bacteria to MDR 

forms.  

 

It is also worth noting that there are other sources of 

antibacterial agents. For example, antibacterial agents are 

sometimes added to foods, such as milk, 
34–36

 and it is 

conceivable that the regular consumption of such foods may 

contribute to antibiotic resistance. Therefore, in the face of 

serious levels of antibiotic resistance, 
37–39

 it is important to 

consider all possible contributory factors.  

 

A few limitations of this study should be mentioned. First, 

this retrospective study only collected data for bacteria and 

antibiotic use from one hospital ward, and did not record the 

clinical characteristics and demographic features of patients, 

which might have impacted on bacterial resistance. Second, 

bacterial specimens were not subjected to molecular 

identification and homology analyses. Third, it was 

impossible to distinguish nosocomial from community - 

acquired infections, which might lead to excessive resistance 

rates. Furthermore, this was only a retrospective descriptive 

analysis, in which no control group was included, no 

intervention was applied for antibacterial agent use, and 

bacterial resistance variations were not analysed after 

intervention. These limitations should be considered when 

interpreting the data, and further studies are warranted to 

clarify these issues.  

 

Based on our findings, we conclude that anti - bacterial 

treatment strategies in burn departments should focus on 

Gram - negative bacteria, especially P. aeruginosa and K. 

pneumoniae, for which the prevalence rates are increasing 

day by day. The use of ciprofloxacin, ceftazidime and 

cefoperazone/sulbactam should be limited to counter the 

increase in resistance of P. aeruginosa to these agents and 

other common anti - Gram - negative antibiotics. These 

findings also confirmed that it is insufficient to only monitor 

bacterial prevalence in burn wards when selecting 

appropriate therapy. Antibiotic use and the corresponding 

resistance status of bacteria must also be considered to 

ensure the rational use of antibacterial agents and the 

development of effective therapeutic strategies.  

 

References 
 

[1] Panghal M, Singh K, Kadyan S, et al. The analysis of 

distribution of multidrug resistant Pseudomonas and 

Bacillus species from burn patients and burn ward 

environment. Burns 2015; 41: 812–819.  

[2] Gomez R, Murray CK, Hospenthal DR, et al. Causes 

of mortality by autopsy findings of combat casualties 

and civilian patients admitted to a burn unit. J Am 

CollSurg 2009; 208: 348–354.  

[3] Kwei J, Halstead FD, Dretzke J, et al. Protocol for a 

systematic review of quantitative burn wound 

microbiology in the management of burns patients. 

Syst Rev 2015; 4: 150– 150.  

[4] Sharma BR. Infection in patients with severe burns: 

causes and prevention thereof. Infect Dis Clin North 

Am 2007; 21: 745–759, ix.  

[5] Wanis M, Walker SA, Daneman N, et al. Impact of 

hospital length of stay on the distribution of Gram 

negative bacteria and likelihood of isolating a resistant 

organism in a Canadian burn center. Burns 2016; 42: 

104–111.  

[6] Hsu LY, Tan TY, Tam VH, et al. Surveillance and 

correlation of antibiotic prescription and resistance of 

Gram - negative bacteria in Singaporean hospitals. 

Antimicrob Agents Chemother 2010; 54: 1173–1178.  

[7] Yali G, Jing C, Chunjiang L, et al. Comparison of 

pathogens and antibiotic resistance of burn patients in 

the burn ICU or in the common burn ward. Burns 

2014; 40: 402–407.  

[8] Alrawi M, Crowley TP, Pape SA. Bacterial 

colonisation of the burn wound: a UK experience. J 

Wound Care 2014; 23: 274–277.  

[9] Keen EF 3rd, Robinson BJ, Hospenthal DR, et al. 

Prevalence of multidrug - resistant organisms 

recovered at a military burn center. Burns 2010; 36: 

819–825.  

[10] Dou Y, Zhang Q, Liao ZJ. [Investigation on the drug 

resistance of Pseudomonas aeruginosa in our burn 

ward in the past 11 years]. Zhonghua Shao Shang 

ZaZhi 2004; 20: 6–9.  

[11] McCarthy RR, Mooij MJ, Reen FJ, et al. A new 

regulator of pathogenicity (bvlR) is required for full 

virulence and tight microcolony formation in 

Pseudomonas aeruginosa. Microbiology 2014; 160: 

1488–1500 

[12] Livermore DM. Multiple mechanisms of antimicrobial 

resistance in Pseudomonas aeruginosa: our worst 

nightmare? Clin Infect Dis 2002; 34: 634–640.  

[13] Lewis K. Multidrug tolerance of biofilms and persister 

cells. Curr Top MicrobiolImmunol 2008; 322: 107–

131.  

[14] Mahar P, Padiglione AA, Cleland H, et al. 

Pseudomonas aeruginosa bacteraemia in burns 

patients: Risk factors and outcomes. Burns 2010; 36: 

1228–1233.  

[15] Gallini A, Degris E, Desplas M, et al. Influence of 

fluoroquinolone consumption in inpatients and 

outpatients on ciprofloxacin - resistant Escherichia coli 

in a university hospital. J AntimicrobChemother 2010; 

65: 2650–2657.  

[16] Vernaz N, Huttner B, Muscionico D, et al. Modelling 

the impact of antibiotic use on antibiotic - resistant 

Escherichia coli using population - based data from a 

large hospital and its surrounding community. J 

AntimicrobChemother 2011; 66: 928–935.  

[17] Zilberberg MD, Shorr AF, Micek ST, et al. Multi - 

drug resistance, inappropriate initial antibiotic therapy 

and mortality in Gram - negative severe sepsis and 

septic shock: a retrospective cohort study. Crit Care 

2014; 18: 596– 596.  

[18] Google Scholar 

[19] Lipsky BA, Napolitano LM, Moran GJ, et al. 

Economic outcomes of inappropriate initial antibiotic 

treatment for complicated skin and soft tissue 

infections: a multicenter prospective observational 

study. DiagnMicrobiol Infect Dis 2014; 79: 266–272.  

[20] Micek ST, Heard KM, Gowan M, et al. Identifying 

critically ill patients at risk for inappropriate antibiotic 

Paper ID: SR24130232136 DOI: https://dx.doi.org/10.21275/SR24130232136 238 

https://journals.sagepub.com/doi/10.1177/0300060517703573#bibr34-0300060517703573
https://journals.sagepub.com/doi/10.1177/0300060517703573#bibr36-0300060517703573
https://journals.sagepub.com/doi/10.1177/0300060517703573#bibr37-0300060517703573
https://journals.sagepub.com/doi/10.1177/0300060517703573#bibr39-0300060517703573
https://scholar.google.com/scholar_lookup?title=Multi-drug+resistance%2C+inappropriate+initial+antibiotic+therapy+and+mortality+in+Gram-negative+severe+sepsis+and+septic+shock%3A+a+retrospective+cohort+study&author=MD+Zilberberg&author=AF+Shorr&author=ST+Micek&publication_year=2014&journal=Crit+Care&pages=+596-+596&doi=10.1186%2Fs13054-014-0596-8&pmid=25412897


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 13 Issue 2, February 2024 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

therapy: a pilot study of a point - of - care decision 

support alert. Crit Care Med 2014; 42: 1832–1838.  

[21] Gholami A, Barati M, Vahdani M, et al. Pattern of 

empirical antibiotic administration in emergency 

department of an educational hospital in Tehran. Razi J 

Med Sci 2011; 18: 17–23.21. Meeker D, Linder JA, 

Fox CR, et al. Effect of behavioral interventions on 

inappropriate antibiotic prescribing among primary 

care practices: A randomized clinical trial. JAMA 

2016; 315: 562–570.  

[22] Google Scholar 

[23] Marquet K, Liesenborgs A, Bergs J, et al. Incidence 

and outcome of inappropriate in - hospital empiric 

antibiotics for severe infection: a systematic review 

and meta - analysis. Crit Care 2015; 19: 63– 63.  

[24] Zou YM, Ma Y, Liu JH, et al. Trends and correlation 

of antibacterial usage and bacterial resistance: time 

series analysis for antibacterial stewardship in a 

Chinese teaching hospital (2009–2013). Eur J 

ClinMicrobiol Infect Dis 2015; 34: 795–803.  

[25] Institute CaLS Performance standards for antimicrobial 

susceptibility testing: Twenty - fifth Informational 

Supplement M100–S25. In, CLSI, Wayne, PA, USA: 

2015.  

[26] Methodology WCCfDS ATC/DDD Index In, http: 

//www.whocc. no/atc_ddd_index/ (16 December 2015, 

date last accessed): 2016.  

[27] Cen H, Wu Z, Wang F, et al. Pathogen distribution and 

drug resistance in a burn ward: a three - year 

retrospective analysis of a single center in China. Int J 

ClinExp Med 2015; 8: 19188–19199.  

[28] Glik J, Kawecki M, Gazdzik T, et al. The impact of the 

types of microorganisms isolated from blood and 

wounds on the results of treatment in burn patients 

with sepsis. Pol PrzeglChir 2012; 84: 6–16.  

[29] Farshadzadeh Z, Khosravi AD, Alavi SM, et al. Spread 

of extended - spectrum beta - lactamase genes of 

blaOXA - 10, blaPER - 1 and blaCTX - M in 

Pseudomonas aeruginosa strains isolated from burn 

patients. Burns 2014; 40: 1575–1580.  

[30] Ressner RA, Murray CK, Griffith ME, et al. Outcomes 

of bacteremia in burn patients involved in combat 

operations overseas. J Am CollSurg 2008; 206: 439–

444.  

[31] Armour AD, Shankowsky HA, Swanson T, et al. The 

impact of nosocomially - acquired resistant 

Pseudomonas aeruginosa infection in a burn unit. J 

Trauma 2007; 63: 164–171.  

[32] Guss J, Abuzeid WM, Doghramji L, et al. 

Fluoroquinolone - resistant Pseudomonas aeruginosa 

in chronic rhinosinusitis. ORL J OtorhinolaryngolRelat 

Spec 2009; 71: 263–267.  

[33] Bubonja - Sonje M, Matovina M, Skrobonja I, et al. 

Mechanisms of carbapenem resistance in multidrug - 

resistant clinical isolates of Pseudomonas aeruginosa 

from a Croatian hospital. Microb Drug Resist 2015; 

21: 261–269.  

[34] Zhang L, Mah TF. Involvement of a novel efflux 

system in biofilm - specific resistance to antibiotics. J 

Bacteriol 2008; 190: 4447–4452.  

[35] Mardaneh J, Dallal MM. Isolation, identification and 

antimicrobial susceptibility of Pantoea (Enterobacter) 

agglomerans isolated from consumed powdered infant 

formula milk (PIF) in NICU ward: First report from 

Iran. Iran J Microbiol 2013; 5 (3): 263–267.  

Paper ID: SR24130232136 DOI: https://dx.doi.org/10.21275/SR24130232136 239 

https://scholar.google.com/scholar_lookup?title=Effect+of+behavioral+interventions+on+inappropriate+antibiotic+prescribing+among+primary+care+practices%3A+A+randomized+clinical+trial&author=D+Meeker&author=JA+Linder&author=CR+Fox&publication_year=2016&journal=JAMA&pages=+562-570&doi=10.1001%2Fjama.2016.0275&pmid=26864410
http://www.whocc.no/atc_ddd_index/
http://www.whocc.no/atc_ddd_index/



