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ABSTRACT 

Bacterial resistance to antibacterial is a major public health problem. To contribute to the monitoring of multidrug resistance of 
Pseudomonas aeruginosa, we have tested 356 strains. These were isolated from pathological products of outpatient or inpatient. 
These strains were identified by the highlighted specific pigments and gallery API 20NE then submitted to several sensitivity tests 
against antibacterial agents. The latter was evaluated by the diffusion method on agar medium. For chlorinated water which is the 
most widely used disinfectant worldwide, we sought the lethal concentrations by liquid-based diffusion method. The results 
demonstrated that among the amino glycoside only amikacin showed significant efficacy. Among beta-lactam, the imipenem and 
piperacillin are the most effective relative to other antibiotics tested. Among the antiseptics tested only hydrogen peroxide at 10 
volumes demonstrated efficacy compared with iodine alcohol at 10% and surgical alcohol at 70°. Strains tested showed a tolerance 
at concentrations at least most important chlorinated water at 13 °. The latter has a static effect only up to 2%.  

Keywords: Multiresistant, Pseudomonas aeruginosa, antibiotics, antiseptics, disinfectant. 

 
INTRODUCTION 

acterial resistance to antimicrobial agents is a 
growing problem in medical practice. As to the 
discovery of new antibiotics1, bacteria have 

gradually accumulated in their genetic material multi 
resistance genes

2,3
, the latter constitutes a major public 

health problem4. Pseudomonas aeruginosa pyocyanique 
bacilli) is an opportunistic bacterium, able to adapt in any 
environments5-9. This species has a natural resistance to 
many antibiotics over time, the strains have developed 
acquired resistance to many antibiotics6. It is able to 
acquire new strengths against usually active compounds. 
It differs from other species occurring in the hospital by 
its relatively high pathogenicity against immune 
compromised patients (diabetes, cystic fibrosis, cancer, 
HIV, mechanical ventilation) and its cross resistance to 
many antibiotics of different families5,6. The severity and 
mortality observed in the bacterium Pseudomonas 
aeruginosa infections are due to its intrinsic properties, 
its ability to adapt between the ability of others to 
acquire numerous mechanisms of resistance to many 
antibiotics and antiseptics8, 10, 11. The most disturbing fact 
of recent years is reporting more and more common P. 
aeruginosa strains resistant to an increasing number of 
antibiotics. In some cases, strains show totally resistant to 
all available molecules. This bacterium is a disease 
"problem", especially as very few new drugs are 
marketed by the pharmaceutical industry. Thus, several 
authors have sounded the alarm facing the imminent era 
of "post-antibiotic"10, 11. The emergence and 
dissemination of new mutants of P. aeruginosaare all 

factors that can lead to treatment12. To face this 
challenge, health facilities should establish monitoring 
and control strategies. These actions involve 
multidisciplinary collaboration involving infectious disease 
specialists, microbiologists, hygienists and 
epidemiologists13. To contribute to the monitoring of 
multiresistant strains of this species. We focus in this 
letter, on the determination of the bacterial strains 
sensitivity profiles of P. aeruginosa isolated from different 
origins related to antibiotics (beta-lactam and 
aminoglycoside antibiotics), determination of 
effectiveness of commonly used antiseptics and search 
most used effective disinfectant concentrations 
(chlorinated water) for cleaning the premises. 

MATERIAL AND METHODS 

Collection and transportation of strains 

Pseudomonas aeruginosa strains tested in this study were 
collected from various medical bacteriology services, 
hospitals, clinics or private laboratory. We have been 
tested 356 strains multiresistant whose origins differ 
according to age, sex and type of sample patients of 
different categories. The strains tested were transported 
to the laboratory in conservation agar tubes. 

Identification 

Identification of P. aeruginosa was previously conducted 
based on phenotypical and morphological criteria 
(colony morphology, pigmentation, lactose 
fermentation, oxidase and catalase activity)14-16. Specific 
pigments pyocyanin and pyoverdin were detected by 
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using King medium A and King medium B16.The most 
interesting strains are identified by API 20NE kit 
biomerieux

17,18
. 

Determination of the sensitivity profiles against 
antimicrobial 

Antimicrobial susceptibility tests were performed 
according to Clinical and Laboratory Standards Institute 
(CLSI)

19
. 

Antibiogram 

The resistance profile of the strains isolated for antibiotics 
was determined by the diffusion method on agar 
medium. The antibiotics used in this study were selected 
basically on their spectrum of activity that extends worm 
species studied. This was performed by the Kirby-Bauer 
disc diffusion method, which was performed using the 
Clinical Laboratory Standards International guidelines 19. 

Antiseptogram 

This research aims to determine the susceptibility of 
isolated strains to antiseptics commonly used to disinfect 
the skin. Three antiseptics (surgical alcohol 70, iodine 10% 
alcohol and 10 volume hydrogen peroxide) were tested in 
this study. The method is applied by analogy to the 
diffusion susceptibility testing method on agar medium19. 
Using sterile forceps bacteriological; apply soaked disks 
with antiseptic to the surface of Muller Hinton agar 
seeded beforehand. Press each one of them to ensure its 
implementation. Once applied, the disk should not be 
moved and incubate 18 hours at 35 ° C. The diameters of 
the inhibition zones are accurately measured using a 
metallic caliper rule, outside of the closed box.  

Determining inhibitory concentrations of chlorinated 
water 

The method is applied by analogy to the method for 
determining minimum inhibitory concentrations 
bactericidal and bacteriostatic antibiotics by Broth 
Dilution Susceptibility Tests, 20, 21. 

They were determined according to Clinical and 
Laboratory Standards Institute (CLSI) guidelines22. Prepare 
a series of different concentrations of chlorinated water 
at 13 ° in a Muller Hinton broth in test tubes in an amount 
of 5 ml per tube. Inoculate each tube with 500μl of the 
bacterial suspension equivalent to 0.5 McFarland opacity. 
After 18 hours incubation at 35°C; tubes with a 
concentration = disorder is not inhibitory, those not 
having a disorder = inhibitory concentration. To confirm 
the inhibition is static or bactericidal we reseeded 
negative tubes on agar box by longitudinal striated with 
four strains per dish. 

RESULTS AND DISCUSSION 

Antibiogram 

The results of the susceptibility testing show that the 
tested strains have varying susceptibility profiles (Figure 
1). All tested strains are resistant to penicillin novobiocin; 

PNV and lincomycin; L (R + I = 100)). 90 of strains are 

resistant to amoxicillin + clavulanic acid (AMC) and 66.7 
to kanamycin (K). The rate of resistance to ceftazidime 
(CAZ), aztreonam (TMJ), ticarcillin (ICT) and colistin (CT) 

are varied between 26.6) and 20. 

However, it was noted that only 13.3% of the tested 
strains were resistant to gentamicin (CN) and only 10% to 

tobramycin (TOB). Too low resistance (3.3)) was 
observed for imipenem (IPM) and piperacillin (PRL). The 
Amikacin (AK) showed a greater efficiency, where no 
strain has shown resistance to this antibiotic. (Figure 1) 

In general it was noted that resistance to -lactam with a 

low 33 rates. Even the association of pinicilline 
novobiocin (PNV) has not shown efficacy against the 
tested strains (Figure 2). 

It is lower for aminoglycosides with a tau of 18 whose 
sensitivity profile of the various tested aminoglycosides is 
variable. With the exception of amikacin that is the most 
effective (Figure 3). 

Figure 4showed some photos of the antibiogram of some 
strains tested. 

 

Figure 1: Results of the strains tested susceptibility 
patterns to antibiotics. 

 

Figure 2: Results of the susceptibility patterns beta 

 

Figure 3: Results profiles sensitivity to aminoglycosides 
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Figure 4: Some photos of the antibiogram of some strains 
tested 

Antiseptogram 

The results of the antiseptogram (Figure 5) have shown 
that hydrogen peroxide at 10 volume is the most effective 
antiseptic on the P. aeruginosa strains tested. The zones 
of inhibition are very important (25mm to 45mm) relative 
to alcohol iodinated to 10%. This gave inhibition zones 
between 7 to 20mm. The surgical alcohol at 70° has 
resulted very weak inhibition zones (6 à15mm). 

 

Figure 5: Some photos of anti septogramme of some 
strains tested 

Search inhibitory concentrations of chlorinated water 

The research results of inhibitory concentrations of 
chlorinated water at 13 ° Chl, show that the tested strains 
can tolerate concentrations of chlorinated water to 
0.5%.Only 20% of the strains tested were inhibited by this 
concentration. From concentration of 1%, chlorinated 
water showed an inhibitory activity for the strains tested 
(Figure6. Plate 3)  

For confirmation of the inhibition, seeding negative tubes 
(show no disorder) on solid medium has shown that all 
strains are tolerant to the concentration of 0.5% in 
chlorinated water; 13.3% of the strains remain viable 
even at the concentration of 1% and 6.6% stem bore the 

concentration of 2% (Figure 7, 8). Therefore, the strains 
tested show some resistance to chlorination, wherein the 
concentration of chlorinated water at 2% can only have a 
bacteriostatic effect on the tested strains. 

 

Figure 6: Results of the strains tested susceptibility 
patterns to different concentrations of chlorinated water 

 

Figure 7: Results of confirmation of inhibition by 
chlorinated water on solid medium 

 

Figure 8: Some photo of the results of stem susceptibility 
profiles tested with chlorinated water 
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Amino glycoside in particular the amikacin is considered 
in literature as effective. Even the strains tested in this 
work have shown a remarkable sensitivity to this 
antibiotic as compared to other antibiotics tested.  

Our study showed that only 13.3% of the tested strains 
were resistant to this antibiotic. Therefore gentamicin 
may be a drug of choice for some ill when the need to 
resort to the same antibiotic susceptibility in some 
countries if the use of this antibiotic is less secure than 
before.  

This study allowed us to observe a significant increase in 
resistance to ceftazidime with a difference of 17.6%. 
While it did not reveal an evolution of resistance to 
imipenem which presented the lowest resistance rates for 
these three periods. Similarly the piperacillin and 
amikacin were found still effective against the strains 
tested. 

Carmeli and al
23

have studied the risk of emergence of 
resistance associated with piperacillin, ceftazidime, 
ciprofloxacin and imipenem; they have observed a 
maximum risk for imipenem. 

Results of Mohnarin showed that P. aeruginosa ranked 
second among all bacteria seen in nosocomial infections. 
Amikacin, levofloxacin, carbapenem, ceftazidime, and 
cefepime are usually employed to treat P. aeruginosa 
infections, but its resistance to these drugs and even 
multi-drug resistant P. aeruginosa is already rising year by 
year. Results of Mohnarin showed that the resistant rates 
of P. aeruginosa to the above-mentioned antibacterial 
agents were 21.9%, 31.7%, 33.2%, 29.9%, and 25.3%, 
respectively24. In addition, the US MYSTIC surveillance 
results were 10.4%, 22.4%, 7.3%, 9.8%, and 4.8%, 
respectively25-27. 

The Korean National Survey of Antimicrobial Resistance 
has reported that 21%, 22%, and 22% of P. aeruginosa 
strains were resistant to ceftazidime, cefepime and 
imipenem, respectively28. 

Similar results were seen in a report from 12 tertiary 
hospitals in Korea, in which 21%, 22%, and 26% of P. 
aeruginosa strains were resistant to ceftazidime, 
cefepime and imipenem, respectively

29 

Howerver, Sun and alfound that 3.8%, 20.4%, and 2.4% of 
the P. aeruginosa strains isolated from patients were 
resistant to ceftazidime, ceftazidime, and imipenem, 
respectively. Differences between results may be due to 
differences in treatment modality and the frequency of 
antibiotic used in each diseases

6
. 

The resistance of P. aeruginosa to beta-lactams is due to 
the existence of metallo-beta-lactamases and extended 
spectrum beta-lactamases, which confers resistance to 
most beta-lactam antibiotics, 

30 
pseudomonas are bacteria 

that accumulate many antibiotic resistance mechanisms, 
imposing a formal request for confirmation of the 
effectiveness of selected antibiotics31,32. 

Indeed, pseudomonas possesses genetic factors likely to 
gain or lose the genes of antibiotic resistance, described 
as the integrons

33, 34
. These integrate can accommodate 

cassettes, mobile elements formed of a gene and a 
specific recombination website

35,36
. 

Several classes integrons have been defined; three of 
them (classes 1, 2 and 3), well characterized, are involved 
in the spread of antibiotic resistance

37
 

The mechanism of the multi-drug resistance of P. 
aeruginosa mainly lies in the activation of bacterial active 
efflux systems and the loss of outer membrane protein. 
The major active efflux systems include MexAB-OprM, 
MexCD-OprJ, and MexEF-OprN, which can be activated by 
the induction of some antibacterial agents or chemical 
agents such as meropenem, quinolones, and 
detergents38. 

Incorrectly prescribed antibiotics also contribute to the 
promotion of resistant bacteria. Studies of Centers for 
Disease Control and Prevention have shown that 
treatment indication, choice of agent, or duration of 
antibiotic therapy is incorrect in 30% to 50% of cases

39
. 

Some strains tested showed resistance to even the most 
antiseptic used with a tolerance at concentrations of the 
order of 2% by chlorinated water at 13 °. 

Thus, this bacterium could escape inhibition by all 
antibacterial molecules. This probability calls to focus on 
the means of prevention to limit infections by 
Pseudomonas against which antibiotics is difficult. 

The risk management phenomenon of movement and 
spread of antibiotic resistance requires the existence and 
coordination of monitoring networks, to account for the 
colossal work to have an overall picture taking into 
account all possible routes of transmission of resistance, 
common sense recommends action at the root of the 
problem. 

Does the fight against microbial resistance needs 
reduction and rational use of antibiotics in both human 
and veterinary medicine which means a sale monitoring 
and antibiotic consumption? And is it possible to apply it 
outside the hospital?  

Information of health professionals, farmers, food 
producers, industrial and consumer shows essential to 
make them aware of the problem where everyone is an 
actor at his level, and to encourage all means of 
prevention transmission resistance. 

Furthermore does the emergence of resistant strains 
require the search for new antibiotics? 

The improved prognosis of infections due to P. 
aeruginosa depends on how early the intensity and 
effectiveness of antibiotic therapy instituted 
probabilistically (empirical) initially and then possibly 
modified according to data from antibiogram and the 
clinical course. Must carry out bacteriological samples 
before and during treatment to the bacteriologist may 
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make available to the clinician one or more therapeutic 
alternatives to minimize the likelihood of treatment 
failure. But this practice is not present in medical practice. 

Very specific therapeutic adjuvants such as inhibitors of 
efflux pumps that allow decreases in doses or sensitivities 
restoration are under development. 

But before all, prevention is the key to the problems 
posed by P. aeruginosa. It goes through the strict 
application by all rules of hygiene, rational use of 
antibiotics and the use of laboratory to base treatment on 
susceptibility testing data. But why not think about the 
practice of using disinfectants? 

CONCLUSION 

To contribute to the monitoring of multi resistance 
Pseubomonas aeruginosa, the results of the research 
profiles of sensitivities of strains collected against amino 
glycosides and beta-lactam antibiotics most used in 
Algeria showed that the tested strains have high 
resistance rates (60% to 100%) to penicillin, the 
novobiocin, the lincomicine, amoxicillin-
acideclavulanique, and kanamycin. Antibiotics that are 
effective on the strains tested are: Amikacin (AK), with an 
0% resistance tau and imipenem (IPM) and piperacillin 
(PRL) with a too low rate of resistance (3.3%). 

The prevalence of resistance to imipenem was 81.53%. 
What to conclude that the evolution of resistance was not 
important to amikacin, and piperacillin imipinème. Even 
these antibiotics are always active, and show that they 
are the most effective antibiotics against Pseudomonas 
aeruginosa Antimicrobial susceptibility remains an 
indispensable application before prescribing the most 
effective antibiotic to prevent treatment failures. 

The antiseptogram showed that hydrogen peroxide (at10 
volume) is most effective on the strains tested with 
respect to the surgical alcohol 70 ° and iodinated alcohol 
at 10%. 

The research of the inhibitory concentration of 
chlorinated water at 13 ° on the tested strains shows that 
these strains can grow in the presence of concentrations 
of 0.25 to 1% of this disinfectant. In addition there are 
some which can withstand more than 2% concentrations. 
This could explain the causes of the increase in 
nosocomial infections with Pseudomonas aeruginosa, and 
especially those postoperative. So Systematic 
surveillance of antibacterial resistance coupled with 
medical education will allow a more rational use of 
antibiotics and help control increases in bacterial 
resistance. 

Acknowledgments: This work was generously supported 
by the (General Directorate for Scientific Research and 
Technological Development, DGRS-DT) and Algerian 
Ministry of Scientific Research. 

 

 

REFERENCES 

1. Mundy L, Pendry B, Rahman M. Antimicrobial resistance and 
synergy in herbal medicine. Medicine. June, 2016, 53-58. 

2. Elise D, David R F. Leach Bacterial Genome Instability. 
Microbiol Mol Biol Rev. Mar, 78, 2014, 1-39.  

3. Hiroshi N. Multidrug Resistance in Bacteria. Annu Rev 
Biochem.78, 2009, 119-146.  

4. Kollef M. Review of Recent Clinical Trials of Hospital-
AcquiredPneumonia and Ventilator-Associated 
Pneumonia:A Perspective from Academia. Clin Infect Dis. 51, 
2010, 29-35. 

5. Jeannot K., Plesiat P. Therapeutic implications of antibiotic 
resistance in pseudomonas aeruginosa. La lettre de 
l’infectiologue. 2005, 7. 

6. Sun Kyu L, Dong Choon P, Myung Gu K, Sung Hyun B, Young 
Joon C, Jae Yong B, Moon Suh P, Seung Geun Y. Rate of 
Isolation and Trends of Antimicrobial Resistance of 
Multidrug Resistant Pseudomonas Aeruginosa from 
Otorrhea in Chronic Suppurative Otitis Media. Clin Exp 
Otorhinolaryngol. Mar, 5, 2012, 17-22. 

7. Navon-Venezia S, Ben Ami R., Carmeli Y. Update on 
pseudomonas aeruginosa and acinetobacter baumannii 
infections in the healthcare setting. Curr Opin Infect. 2005, 
18-306. 

8. Trautmann M., Lepper P.M., Haller M. Ecology of 
Pseudomonas aeruginosa in the intensive care unit and the 
evolving role of water outlets as a reservoir of the organism. 
Am. J. Infect. Control. 5, 2005, 9-41. 

9. Silby MW, Winstanley C, Godfrey SA, Levy SB, Jackson RW. 
Pseudomonas genomes: diverse and adaptable. FEMS 
Microbiol Rev. 35(4), 2011, 652-680. 

10. Barclay ML, Begg EJ, Chambers ST, Thornley PE, Pattemore 
PK, Grimwood K. Adaptive resistance to tobramycin in 
Pseudomonas aeruginosa lung infection in cystic fibrosis. J 
Antimicrob Chemother. 37, 1996, 64-1155. 

11. Bert F, Lambert-Zechovsky N. Comparative distribution of 
resistance patterns and serotypes in Pseudomonas 
aeruginosa isolates from intensive care units and other 
wards. J Antimicrob Chemother. 37, 1996, 13-809. 

12. Dieter G, Weber, Etienne Ruppe. Sartelli and al. failure 
Antimicrobials: a global alliance for optimizing their rational 
use in intra-abdominal infections (AGORA) Massimo 
Sartelli1. World Journal of Emergency Surgery. 2016. 

13. Cholley P, Thouverez M, Didier H, Nathalie M, Daniel 
T, Xavier B. Most Multidrug-Resistant Pseudomonas 
aeruginosa Isolates from Hospitals in Eastem France Belong 
to a Few Clonal Types.J Clin Microbiol. 49, 2011, 2578-2583. 

14. Olvera C, Goldberg J B. The Pseudomonas aeruginosa alg C 
gene product participates in rhamnolipid biosynthesis FEMS. 
1999, 85-90. 

15. Singh PK, Parsek MR, Greenberg EP, Welsh MJ. A component 
of innate immunity prevents bacterial biofilm development. 
Nature. 417, 2006, 552-555. 

16. Eiko Y. and OhyamaA. Characterization of “Pyome1anin”-
Producing Strains of Pseudomonas aeruginosa. International 
Journal of Systematic Bacteriology. Copyright of 972 



Int. J. Pharm. Sci. Rev. Res., 44(1), May - June 2017; Article No. 46, Pages: 224-229                                                        ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research . International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 

. 

. 
Available online at www.globalresearchonline.net 

 

229 

International Association of Microbiological Societies.Prin 
ted in U.S.A. Kansai Medical School, Department of 
Microbiology, Moriguchi-city, Osaka, Japan. 22, 1972, 53-64. 

17. Dance DA, Wuthiekanun V, Naigowit P, and White N J. 
Identification of Pseudomonas aeruginosa in clinical 
practice: use of simple screening tests and API 20NE. J Clin 
Pathol. 42, 1989, 645-648. 

18. Palmieri MJ, Caritó SL, Meyer RF: Comparison of rapid NFT 
and API 20 NE with conventional methods for the 
identification of gram-negative non-fermentative bacilli 
from pharmaceutics and and cosmetics. Appl Environ 
Microbiol. 54, 1988, 2838-2841 

19. CLSI. (Clinical and Laboratory Standards Institute). Advancing 
Quality in Health Care Testing Performance Standards for 
Antimicrobial Susceptibility Testing; Twenty-First 
Informational Supplement.Wayne, PA: Clinical and 
Laboratory Standards Institute. 2011, 31, M100-S21. 

20. Vessoni Penna TC, Mazzola PG, Martins AM: The efficacy of 
chemical agents in cleaning and desinfection programs for 
hospital nurseries. J BMC Infectious Diseases. 1, 2001, 16. 

21. Tavares LC, Vessoni Penna TC, Amaral AT. Synthesis and 
biological activity of nifuroxazide and analogs. Boll Chim 
Farmaceutico. 3, 1997, 244-249.  

22. CLSI M100–S24. Performance standards for antimicrobial 
susceptibility testing. 24th informational supplement. 
Wayne. Clinical and Laboratory Standards Institute, 2014. 

23. Carmeli Y, Troilllet N, Eliopoulos GM, Samore MH. 
Emergence of antibiotic-resistant Pseudomonas aeruginosa: 
comparison of risks associated with different 
antipseudomonal agents. Antimicrob. Agents Chemother. 
43, 1999, 1379-1382. 

24. Xiao Y H, Wang J, Zhao C Y. Mohnarin bacterial resistance 
surveillance 2006-2007. Chin J Nosocomiol.18, 2008, 1051-
1056. 

25. Sadera H S, Fritschea T R, Jones R N. Potency and spectrum 
trends for cefepime tested against 65746 clinical bacterial 
isolates collected in North American medical centers: 
Results from the SENTRY Antimicrobial. Surveillance 
Program (1998-2003). Diag Microbiol Infect Dis. 52, 2005, 
265-273. 

26. Centers for Disease Control and Prevention, Office of 
Infectious Disease Antibiotic resistance threats in the United 
States, 2013. Apr, 2013. Available 
at: http://www.cdc.gov/drugresistance/threat-report-2013. 

27. Luyt CE, Brechot N, Trouillet JL, Chastre J. Antibiotic 
stewardship in the intensive care unit. Crit Care. 18, 2014, 
480. 

28. Lee K, Kim YA, Park YJ, Lee HS, Kim MY, Kim EC. Increasing 
prevalence of vancomycin-resistant enterococci, and 
cefoxitin-, imipenem- and fluoroquinolone-resistant gram-

negative bacilli: a KONSAR study in 2002. Yonsei Med J. 45, 
2004, 598-608. 

29. Lee H, Yong D, Lee K, Hong SG, Kim EC, Jeong SH. 
Antimicrobial resistance of clinically important bacteria 
isolated from 12 hospitals in Korea in 2004. Korean J Clin 
Microbiol. 8, 2005, 66-73. 

30.  Lombardi G., Luzzaro F., Docquier J.D., Riccio M.L., Perilli 
M., Coli A., Amicosante G., Rossolini G.M., Toniolo A. 
Nosocomial infections caused by multidrug-resistant isolates 
of Pseudomonas putida producing VIM-1 metallo-β-
lactamase, J Clin Microbiol, 40, 2002, 51-55. 

31. Widmer AF, Wenzel RP, Trilla A, Bale MJ, Jones RN, 
Doebbeling BN. Outbreak of Pseudomonas aeruginosa 
infections in a surgical intensive care unit: probable 
transmission via hands of a health care worker. Clin Infect. 
16, 1993, 372-376. 

32. Pellegrino FL, Teixeira LM, Carvalho MG, Nouer SA, De 
Oliveira MP, Sampaio JL, Freitas AD, Ferreira AL, Amorim EL, 
Riley LW, Moreira BM. Occurrence of a multidrug-resistant 
Pseudomonas aeruginosa clone in different hospitals in Rio 
de Janeiro, Brazil. J Clin Microbiol.40, 2002, 2420-2424. 

33. Naas T, SougakoffW, Casetta A, Nordmann P. Molecular 

characterization of OXA-20, a novel class D lactamase, and 
its integron from Pseudomonas aeruginosa. 
AntimicrobAgents Chemother. 42, 1998, 2074-2083. 

34. Giuliani F, Docquier JD, Riccio ML, Pagani L, Rossolini GM. 

OXA-46, a new class D -lactamase of narrow 
substratespecificity encoded by a blaVIM-1-containing 
integron from a Pseudomonas aeruginosa clinical 
isolate.Antimicrob Agents Chemother. 49, 2005, 1973-1980. 

35. Hall RM, Collis CM. Mobile gene cassettes and integrons: 
capture and spread of genes by site-specific recombination. 
Mol Microbiol. 15, 1995, 593-600. 

36. Sekiguchi JI, Asagi T, Miyoshi-Akiyama T, Fujino T, Kobayashi 
I, Morita K, Kikuchi Y, Kuratsuji T, Kirikae T. Multidrug-
resistant Pseudomonas aeruginosa strain that caused an 
outbreak in a neurosurgery ward and its aac(6’)-iae gene 
cassette encoding a novel amino glycoside acetyl  
transferase. Antimicrobial Agents Chemother. 49, 2005, 
3734-3742. 

37. Hall RM, Collis CM. Mobile gene cassettes and integrons: 
capture and spread of genes by site-specific recombination. 
Mol Microbiol. 15, 1995, 593-600. 

38. Yonghong Xiao. Nosocomial Infections and Bacterial 
Resistance. Infectious Microecology. Zhejiang University 
Press, Hangzhou and Springer-Verlag Berlin Heidelberg. 5, 
2014, 109. 

39. Office of Infectious Disease Antibiotic resistance threats in 

the United States. Studies of Centers for Disease Control and 

Prevention. Apr, 2013. 
 

Source of Support: Nil, Conflict of Interest: None. 

  


