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Abstract 

Infections caused by multidrug resistant Gram Negative Bacteria (GNB) 
are a growing threat to the health care community and poses a great challenge to 
clinicians. Therefore regular surveillance of important pathogens and need for 
accurate determination of its resistance pattern is of paramount importance. The 
objective of this study was to unearth the prevalence of the various bacterial 
pathogens in different clinical samples and to understand the resistance pattern of 
the isolates. Of the 1585 gram negative bacterial isolates, only three predominant 
GNB isolates E.coli, Klebsiella pneumoniae and Pseudomonas aeruginosa were 
taken for study. In this study, it was observed that most of the isolates in all the 
three selected GNB were susceptible to Aminoglycosides-Amikacin, 
Carbapenems-Imipenem and Meropenem, fourth generation cephem- Cefepime 
and polypeptide-Colistin.  It is also evident that all the three GNB isolates have 
developed high resistance to first and second generation cephems and there is a 
danger of emergence of resistance to the drugs in which moderate resistance is 
observed as in the case of Ampicillin, third generation cephalosporins Cefezime, 
Ceftazidime, Ciprofloxacin, Amoxicillin and Nitrofurantoin. From this study, we 
conclude that the there is high prevalence of MDRGNB in this region. This 
baseline data on local antibiotic resistance trends may be useful to guide the 
physicians to treat the prevailing gram negative bacterial infections in this region. 
In order to prevent the spread of antibiotic resistance, it is responsibility of the 
diagnostic laboratories to report the prevalence of the pathogens to the physicians.  
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Introduction 

Gram negative bacteria (GNB) are a large heterogenous group of bacteria that 
comprises of the family Enterobacteriaceae and other non enteric bacteria like 
Pseudomonas aeruginosa (Iroha I R et al., 2015). Earlier this group of bacteria was 
thought to be colonizers but in recent times they are recurrently isolated from different 
clinical specimens and are responsible for a plethora of human infections both nosocomial 
and non nosocomial especially in immune compromised hosts. They are the common 
cause of urinary tract infections, neonatal sepsis and post surgical infections in 
hospitalized patients (Stephen.E.Mshana et al., 2009). Unlike Gram Positive Bacteria 
(GPB), the presence of unique cell wall and the outer membrane (OM) along with other 
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physiological barriers such as innate flux–efflux mechanisms have rendered them to be 
readily resistant to antimicrobial agents. (Brookes et al., 2004; Madigan et al., 
2009).These bacteria produce a wide variety of beta lactamase enzymes that facilitates 
them to elude the action of antimicrobial agents (Eze et al., 2012; Okonko et al; 2009).  

 
Multi Drug Resistant Gram Negative Bacteria (MDRGNB) is currently spread 

worldwide and confronts a major challenge to modern medicine. International travel 
especially for health care is a key risk factor for infection with MDR GNB (Patrick Harris 
et al; 2015). There is increased rate of morbidity and mortality due to these infections. 
Moreover, these infections are also responsible for prolonged hospitalization, increased 
treatment costs and poor patient outcome. (Lautenbach E et al., 2001). There is also 
evidence that apart from being primarily nosocomial pathogens, they have spread to the 
community (Tacconelli E et al., 2004).   

 
Gram Negative Bacterial Infections (GNBI) pose the greatest threat owing to 

higher incidence of about 5 – 10% in most developed countries and in developing nations 
like India. (Ruchika Bagga, 2015). The National Nosocomial Infection Surveillance 
System, have reported that every year, 65-80% of the cases were associated with Gram 
negative pathogens like Escherichia coli, Klebsiella pneumoniae, Acinetobacter 
baumannii and Pseudomonas aeruginosa (Gaynes et al., 2005). The antibiotics 
commonly used to treat GNBI are β- lactam antibiotics which include penicillins like 
Amoxicillin, Extended- Spectrum Cephalosporins such as Ceftriaxone and Cefepime, 
Monobactams like Aztreonam and Carbapenems like Imipenem, Meropenem, Ertapenem, 
and Doripenem (Gilbert et al., 2009).  

 
The production of β- lactamase enzyme, which hydrolyzes the β-lactam ring in 

the β-lactam antibiotics, is the major cause of resistance to β - lactam antibiotics, (Bush 
and Jacoby, 2010). Not merely the production of various β-lactamases, but also other 
mechanisms such as drug efflux systems, antibiotic-modifying enzymes, outer-membrane 
protein changes, and antibiotic-target modification also contribute to the resistance 
(Livermore, 2002; Chopra et al., 2008).  

 
Microbial resistance has evolved with an increase in increased number, volume 

and diversity of antimicrobial applications (Barbosa and Levy, 2000). The epidemiology 
of MDR GNB varies greatly by organism, resistance mechanism and geographical 
location. In Europe and US, comprehensive epidemiological data on antimicrobial 
resistance pattern of bacterial pathogens are published annually by agencies like European 
Antimicrobial Resistance Surveillance Study (EARSS) and Center for Disease Control 
(De Kraker et al ; 2013).  

 
Reports substantiate high mortality rates for patients with blood stream infections 

caused by MDR GNB (Tumbarello et al; 2006). Thus there is a need for regular and 
accurate determination of the antibiogram of pathogenic bacteria from clinically 
important specimens prior to the prescription of antimicrobial agents in order to guide 
therapy. As incidence can vary widely between regions in different countries and health 
care settings, this study was done to characterize and determine antibiotic resistance 
patterns of gram negative bacteria isolated from clinical specimens. Attempts were also 
made to screen the GNB isolates for multidrug resistance in the interior districts of 
Southern part of Tamilnadu, India.  

 
Material and methods 

Sample collection 

The study was conducted on clinical isolates received from patients referred by 
local physicians to a private clinical laboratory in Dindigul, Southern Tamil Nadu 
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between July 2014 to March 2016. The following information was provided by the 
submitting laboratory: History of patients (sex, age), date of collection, sample name and 
patient location. One isolate per patient was included. 

Isolation and Identification of Bacterial Isolates 
 

The collected isolates were plated on appropriate media like Nutrient agar (Hi 
media, Mumbai, India), Blood agar ((Hi media, Mumbai, India), MacConkey agar (Hi 
media, Mumbai, India), and incubated aerobically at 37˚C for 24 hours. The preliminary 
identification of the bacteria was performed using conventional methods including 
Gram’s staining, Motility, Cultural characteristics, Catalase and Oxidase test (CLSI, 
2013). Further identification to species level was performed using the automated system 
VITEK 2 Compact (Biomerieux, France). 

Antibiotic susceptibility testing 

Antibiotic resistance profiles of the three selected predominant Gram Negative 
Bacterial isolates to antibiotics of human interest, Beta lactams (Ampicillin and 
Amoxycillin), Aminoglycoside (Amikacin 30µg), Carbapenems (Imipenem 10 µg, and 
Meropenem), Cephems (Cefoxitin 30µg, Cefexime,30 µg, Cefalothin,30 µg, 
Ceftazidime,30 µg, Ceftriaxone,30 µg, Cefepime,30µg, Cefotaxime,30 µg), Monobactam 
(Aztreonam,30µg), Nitrofurans (Nitrofurantoin,300µg), β-lactam inhibitors (Amoxicillin/ 
Clavulanic acid, 20/10µg, Piperacillin /Tazobactam,100/10µg,), Polypeptide (Colistin), 
and  Fluroquinolones (Ciprofloxacin,30µg) (Hi Media labs, India) were determined by the 
standard Kirby- Bauer disk diffusion method as recommended by the Clinical Laboratory 
Standards Institute (CLSI,2013). All intermediate isolates were considered as resistant.  

Selection criteria of Multi Drug Resistant Strains 

Gram Negative Bacterial isolates resistant to three or more drugs of different 
structural classes were considered as Multi Drug Resistant Strains (Fennel et al., 2012). 

Statistical Analysis  

Data was analyzed using SPSS software version 20. One way and two way tables 
were prepared and results compared using proportion test for prevalence, chi square test 
for comparison of two or more proportions, ANOVA for comparison of means.  

Results 

During the period 2496 samples were collected and analyzed in the clinical 
laboratories. Among the specimens, most from patients suffering with recurrent urinary 
tract infection (1927 of Urine or Urine (CS) samples) and respiratory infections (117 of 
Sputum, ETF and BAL), skin related infections (78 of Pus and Wound aspirate) and other 
infections (374 of Blood).  The samples included, 1791 (71.8%) of Urine, 374 (15%) of 
Blood, 47 (1.9%) of Pus, 23 (0.9%) of ETF, 26 (1.0%) of BAL, 31 (1.2%) of Wound 
aspirate, 136 (5.4%) of Urine (CS) and 68 (2.7%) of Sputum. 

Of the 2496 clinical samples, bacterial growth, both gram positive and gram 
negative bacteria was present in 1463 (81.6%) of the Urine samples, 132 (35.3%) of 
Blood samples, 34 (72.3 %) of Pus, 18 (78.3%) of ETF, 17 (65.4 %) of BAL sample, 
31(100%) of Wound Aspirate, 124 (91.2%) of (Urine CS) and 34 (50.0%) of Sputum. 
Thus, Wound aspirates and urine (CS) showed the maximum growth followed by urine 
samples and the minimum was in Blood.  A total of 1585 (63.5%) Gram Negative 
Bacterial (GNB) isolates was obtained from total specimens. The Fig.1 illustrates the 
prevalence of GNB in clinical specimen.   
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Fig.1. Prevalence of Gram Negative Bacteria (GNB) in clinical specimens 
 

 
 
 
Conventionally, both GNB and GPC growth are reported separately. We 

attempted a ratio of the growth of GNB to GPC in each of the sample types. This enables 
labs to do validity checks i.e. cross check their own results of GNB/GPC growths in 
individual sample types compared to the overall GNB/GPC growth of all their samples. 
The ratio of GNB to GPC for individual specimens as compared to the overall ratio of 5.8 
for all specimens put together showed that the ratio was significantly higher in urine 
specimens at 13.9 times (p <0.0001).  The ratio was low in blood (1.2), ETF (1.3) and 
lower than 1 in all other samples including the lowest in sputum at 0.2. However when 
compared to the overall ratio of 5.8, except for blood (ratio 1.2 and p <0.05) none of the 
other ratios were significant. The reason for this may be small sample size (Fig 2a & 2b).   

 
Fig: 2a & 2b   Comparison of the GNB vs GPC ratio in clinical samples 
 

 

0
20
40
60
80

100

%
 o

f 
p

re
va

le
nc

e

Clinical Specimens

PROTEUS JOURNAL

VOLUME 11 ISSUE 11 2020

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/     Page No: 89



 
 
Of the 8 type of specimens examined in the laboratory, 3 species were found to be 

predominant as follows E.coli (n=965), Klebsiella pneumoniae (n=316) and Pseudomonas 
aeruginosa (n=86). Out of 965 predominant E.coli isolates, 912 (94.5%) were obtained 
from Urine and 51(5.3%) Urine (CS). In case of 316 isolates of K.pneumoniae 271 
(85.8%) were from Urine, 34(7.8%) were from Blood, 2(0.6%) were from Urine (CS) 
and10 (3.2%) from other samples. The sample wise distribution of the 86 P.aeruginosa 
isolates are 61(70.9%) from Urine, 09(10.5%) Urine (CS), 14(16.3%) from other samples 
and 2 (2.3%) were from Blood.  

The other species less frequently obtained were E.aerogenes, Proteus mirabilis 
and C.koseri (p<0.0001), M.morganii and S.typhi (p value not significant), A.baumanii, 
and S.paucibacilis (p<0.01) (Table 1). The results show that the Urine and Urine (CS) 
specimen of urine were the potential source for the isolation of the three predominant 
species when compared to specimens like Pus, Endotracheal fluid, Broncho Alveolar 
Lavage, Wound Aspirate and Sputum. The prevalence of the three selected Gram 
Negative bacteria in the present study is as follows Eschericia coli 38.7% (n=965/2496), 
Klebsiella pneumoniae 12.6% (n=316/2496), and Pseudomonas aeruginosa 3.4% 
(n=86/2496).  
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Table 1 Genus and Species wise distribution of GNB isolates 
 

GNB isolate 
Genus 

GNB isolate 
Species name 

Isolates as  a 
proportion to 

specimens examined 

No. of isolates 
(%) 

Chi square 
p value 

Escherichia E.coli 965* 965 NA 

Klebsiella 
K.pneumoniae 

335* 
316 (94.3) 

<0.0001 
K.oxytoca 19 (5.7) 

Pseudomonas 

P.aeruginosa 

94 * 

86(91.5) 

<0.0001 

P.putida 1 (1.1) 
P.fluoresecens 1 (1.1) 
P.stutzeri 1 (1.1) 
P.alkaligenes 4 (4.3) 
P.luteola 1 (1.1) 

Enterobacter 
E.aerogenes 

58 
54(93.1) 

<0.0001 
E.sakasakii 4(6.9) 

Proteus 
P. mirabilis 

44 
36 (81.8) 

<0.0001 
P. vulgaris 8 (18.2) 

Acinetobacter 

A.baumanii 

28 

16 (57.1) 

<0.0001 
A.ursingii 4 (14.3) 
A.junii 2 (7.1) 
A.lowfii 6 (21.4) 

Morganella M.morganii 18 18 NA 

Citrobacter 
C.koseri 

16 
13(81.2) 

<0.0001 
C.freundi 3 (18.8) 

Sphingomonas S.paucibacilis 9 9 NA 

Salmonella 
S.typhi 

8 
6(75.0) 

<0.01 
S.enterica 1(12.5) 

Providencia P.staurtii 4 4 NA 

Serratia 

S.marcescens  
 
7 
 

3 (42.8) 

NS (0.6) 
S.fonticola 2 (28.6) 
S.oderifera 1(14.3) 
S.liquefaciens 1(14.3) 

 
* Predominant species 
 NA- Not applicable (Single species isolates are not applicable for chi square value) 

 
  The antibiotic susceptibility test was performed by the disk diffusion method and 
the susceptibility pattern of the selected GNB was analyzed. E.coli was found to exhibit 
highest sensitivity to Aminolycoside; Amikacin (96%), Carbapenem; Imipenem (100%) 
and Meropenem (100%), Monobactam; Aztreonam (86%), Cephems; Cefepime (88%), 
Polypeptide; Colistin (100%) and it was also observed that a moderate sensitivity ranging 
from 63 to 68% was noticed for Beta lactam; Amoxycillin, Nitrafurantoin and beta lactam 
inhibitors; Amoxycillin/Clavulanate and Piperacillin/Tazobactam. As far as resistance is 
concerned, they showed high resistance to first generation cephalosporin Cefalothin 
(99%) and Cefoxitin (95%), second generation cephalosporins; Cefotaxime (89%), 
Ceftriazone (90%). Moderate resistance ranging from 50 to 57% was observed against 
Ampicillin (59%), third generation cephalosporins Cefexime (54%), Ceftazidime (50%) 
and Ciprofloxacin (57%). (Fig  3). 
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Fig: 3 Antibiotic
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Fig. 4 Antibiotic Sensitivity Profile of 

 Pseudomonas aeruginosa
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Pseudomonas aeruginosa showed high sensitivity to maximum number of
antibiotics, Amoxycillin (94%), Amikacin (93%), Imipenem (100%), Meropenem 
(100%), Colistin (100%), Aztreonam (99%) Cefepime (97%), Nitrofurantoin (81%), 

(76%), Piperacillin/Tazobactam (73%), Ciprofloxacin (
%) and. The isolates were highly resistant to Ampicillin (84%), first 

generation cephalosporin; Cefalothin (98%), second generation cephalosporin; Cefoxitin 
%), Ceftriazone (74%) and Cefexime (86%) (Fig 5). 
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Fig. 5 Antibiotic Sensitivity Profile of 
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In this study, a comprehensive antimicrobial resistance and susceptibility profile 
was observed from procured MDRGNB clinical isolates in region of South Tamilnadu, 
India. There are no evidences of such studies from this region so far. The single study 
from the same district by Suzzane Sonya Cherian in 2013 has reported the prevalence to 
be MDR E.coli (80.9%), MDR K.pneumoniae (9.6%) which is very high when compared 
to this study. Hence this is the first study of its kind to establish a broader profile about 
the MDRGNB in this region.  

   Several studies conducted all over the world have reported E.coli as the most 
prevalent strain followed by Klebsiella pneumoniae and P.aeruginosa. Studies of 
Farzaneh Zare et al., 2018, Puneet Bhatt et al., 2015 correlates with the present study. All 
the less predominant sub species reported are emerging infections which are being 
reported after the advent of automated techniques. Hence they are not contaminants but 
only pathogens. Only hi tech automated laboratories report such organisms and not the 
labs which follow the old conventional methods. Actually they miss it. 

In this study, MDRGNB were detected most frequently from Urine specimens 
(76.2%), which included E.coli (66.8%), K.pneumoniae (19.9%), and Pseudomonas 
aeruginosa (4.5%). Farzaneh Zare et al., 2018 have documented the highest prevalence of 
E.coli (45%), Klebsiella sps (3.14%), and Pseudomonas sps (1.22%) in urine. The highest 
prevalence of E.coli in urine samples signifies its role in UTI.  

The GNB: GPC ratio in various clinical samples was analyzed in our study. This 
attempt is the first of its kind and no studies have reported such a comparison. The 
prevalence of GNB to GPC was high in Urine and urine (CS) samples when compared to 
blood. In case of other samples the order of prevalence was highest in Endotracheal Fluid 
(ETF). The prevalence of GPC was high in Wound specimens, Bronchoalveolar Lavage 
(BAL), Pus and Sputum samples. 

In this study, E.coli, Klebsiella pneumoniae and Pseudomonas aeruginosa were 
the most prevalent Gram Negative Bacteria isolated from clinical samples and these are 
multi drug resistant to commonly used antibiotics such as Ampicillin, Amoxycillin, 
Ciprofloxacin, first and second generation cephems and third generation cephem, 
Cefexime and Ceftazidime. These isolates were highly susceptible to Amikacin, 
Imipenem and Meropenem, Cefepime and Colistin. Iroha et al, has reported highest 
susceptibility of E.coli and K.pneumoniae to Ciprofloxacin, Amikacin and Nitrofurantoin. 
In case of P.aeruginosa , highest susceptibility to Ciprofloxacin and Amikacin but not to 
Nitrofurantoin. Manish Sharma et al has reported highest susceptibility to Imipenem, 
Meropenem, Amikacin and Piperacillin/Tazobactam in P.aeruginosa. Benachimardi et 
al., showed high susceptibility of P.aeruginosa to Amikacin (83.3%) followed by 
Imipenem (80%) and Piperacillin/Tazobactam (73.3%). The resistance pattern differs in 
different geographical regions and also the antibiotics used in the studies differ according 
to the infection type. Hence it is difficult to compare the susceptibility and resistance 
profile of our study with others. The findings of these studies and the present study show 
that Amikacin, Imipenem, Meropenem and Colistin are highly effective and should be 
used as last resort drug and kept in reserve for the treatment of MDRGNB infections.  

 It is also evident that all the three GNB isolates have developed high resistance to 
first and second generation cephems and there is a danger of emergence of resistance to 
the drugs in which moderate resistance is observed as in the case of Ampicillin, third 
generation cephalosporins; Cefezime, Ceftazidime, Ciprofloxacin, Amoxicillin and 
Nitrofurantoin. This result was obtained four years back and now the moderate sensitive 
strains would have moved to resistant strains and the moderate resistant strains would 
have acquired the status of highly resistant strains. Moreover, these isolates were from 
clinical settings and by now they might have disseminated into the community also, thus 
increasing the resistance prevalence. In order to reduce the growing threat due to 
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MDRGNB, it is mandatory that the clinicians should be aware of the local resistance 
patterns to handle the risk of inappropriate therapy (Shorr et al., 2013). Not only the 
clinicians, but it also stresses the importance of reporting and documenting these 
pathogens by the lab personnel which will aid in proper patient management and initiation 
of infection control measures in clinical settings. 
Conclusion: 

The results obtained in this study highlights the trends of multi drug resistance 
among gram negative bacterial isolates thereby signifying an alarm of threat of emergence 
of drug resistant pathogens. The data obtained from this study provides base line 
information on the status of GNB and their susceptibility pattern useful for appropriate 
antibiotic usage. In conclusion, although the diagnostic laboratories examine the antibiotic 
resistance pattern and report their results as a guide to treatment but do not show interest 
to study the prevalence of MDRO. So the result of this study may be an icebreaker for the 
need of management of Gram negative bacterial infections and control the spread of MDR 
GNB strains. Continuous surveillance of resistance data from clinical isolates as well as 
implementation of strict infection control policies in health care settings especially 
diagnostic laboratories are required to alleviate the progression. 

References 

1. S.B. Barbosa, Levy, “Antibiotics use and Resistance development”. Drug resistance updates, vol. 3, 
(2000),pp.303-311. 

2. K.K. Benachinmardi, M Padmavathy, J. Malini, B.V. Naveneeth, “Prevalence of non-fermenting 
Gram-negative bacilli and there in vitro susceptibility pattern at a tertiary care teaching hospital”. 
J. Sci. Soc. vol.4, issue.3, (2014), pp. 162-166. 

3. G.F. Brookes, J.S. Butel, S.A. Morse,”Medical microbiology”, 23rdedition, Mac Graw Hill 
publishers, USA, (2004), pp.248-260. 

4. K. Bush, G. A. Jacoby and Medeiros. “A functional classification scheme for beta lactamases and 
its correlation with structure” Antimicrob. Agents Chemother., vol.39, (2001), pp.1211-1233. 

5. Biomeriux VIteK-2 Compact ref manual-Ref 414532 
6. I.Chopra, C. Schofield, M. Everett, “Treatment of health care associated infections caused by Gram 

Negative bacteria:  a consensus statement” .lancet Infectious diseases, ,vol.8, (2008), pp.133-139. 
7. CLSI (2013), Clinical and Laboratory Standards Institute. “Performance standards for 

antimicrobial susceptibility testing”, CLSI approved standards, CLSI M100-S23, Wayne, PA. 
Document M100-S 19. 

8. M.E.A. De Kraker, Jarlier, J.C.M Monen, “The changing epidemiology of bacterium in Europe; 
trend from the European Antimicrobial Surveillance system”, Clin. Microbiol.Infect, vol.19, ,(2013, 
pp. 860-868. 

9. E. A. Eze, E. C. Agbo, C. N. Eze, “Occurrence of Beta-Lactamases and the Antibiogram Pattern of 
Clinical Isolates of Escherichia coli and Klebsiella Species in Nsukka Metropolis”, American 
Journal of Microbiology and Biotechnolog, vol, 2, issue 5,(2015), pp.69-74. 

10. Farzaneh zare, Farzaneh Mohammad Zadeh Rostami, Milad Shahsafi, “Prevalence and pattern of 
antibiotic resistance of gram negative bacteria isolated from urinary tract infections in patients 
referring to Neka laboratories – Iran,” International journal of Biomedicine and Public health, vol. 
1,issue 1, (2018),pp. 30-36. 

11. J. Fennel, A. Vellinga, B. Hanahoe, D. Morris, F. Boyle, F. Higgins, M. Lyins, K. Connell D. 
Keudy, M. Cormican,. “Increasing prevalence of ESBL production among Irish Clinical 
Enterobacteriaceae from 2004 to 2008: an observational study” .BMC Infectious Diseases. 
vol.12,(2012),pp.116-118. 

12. R. Gaynes, J.R. Edwards, “Overview of nosocomial infections caused by gram negative bacilli”, 
Clini.infec.diseases, vol.41, (2005, pp.848-854. 

13. D.N Gilbert, R.C Moellering, G.M Eliopoulos, H.F. Chambers, M.S. Saag, “The Sanford Guide to 
Antimicrobial Therapy 2009. 39th edition. Sperryville,VA”: Antimicrobial Therapy, Inc.; 2009.1-5. 

14. Iroha Ifeanyichukwu, Ikeagwu Ifeoma, Ejikeugwu Chika,  “Prevalence and antibiogram of 
pathogenic Gram negative bacteria isolated from patients seeking medical care in a tertiary 
hospital in Abakaliki, Nigeria”, Global Advanced Research Journal of Medicine and Medical 
science, vol. 4,issue.10, (2015),pp.455-460. 

15. E. Lautenbach, J.B. Patel, W.B. Bilker, P.H. Edelstein, N.O. Fishman, “Extended –spectrum beta 
lactamase producing Eschericia coli and Klebsiella pneumonia: risk factors for infection and 
impact of resistance on outcomes”, Clinical infectious disease, vol.32,(2001),pp.1162-71.  

16. D.M. Livermore, D.James, M, Reacher, C. Graham, T. Nichols, P. Stephens, A.P. Johnson, R.C. 
George, “Trends in flouroquinolones (Ciprofloxacin) resistance in Enterobacteriaceae from 

PROTEUS JOURNAL

VOLUME 11 ISSUE 11 2020

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/     Page No: 96



bacteremias, England and Wales 1990-1999”, Emerging infectious disease, vol. 8,issue.5, (2002), 
pp.473-478. 

17. M.T. Madigan. J.M. Martinko, J. Parker, Brock, “Biology of Microorganisms”, Tenth Ed., Pearson 
Prentice Hall Intern.Inc., Upper Asddle River, New Jersey, (2003), p: 727-804, 846-875, 965-994. 

18. Manish Sharma, Narayana Dutt Pant, “Prevalence and In vitro Antimicrobial Susceptibility pattern 
of Non lactose fermenting gram negative bacteria isolated in a Tertiary Care hospital in 
Kathmandu, Nepal”,  Asian journal of Biomedical and Pharmaceutical science, Asian J Biomed 
Pharmaceut Sci,  vol. 7, Issue. 60, (2017), pp.13-16. 

19. I.O. Okonko, F.A. Soleye, T.A. Amusan, .AA. Ogun, T.A. Ogunnusi, J. Ejembi, “Incidence of 
multidrug resistance (MDR) organisms in Abeokuta, Southwestern Nigeria”, Glo. J. Pharmacol. 
vol.3, issue,2 ,(2009), pp.69-80. 

20. H.P. Patel, D. Jayashree Pethani, sanjay D rathod, Bimal Chauhan, Parul Shah, “Prevalence of 
non fermenting Gram Negative bacilli infection in tertiary care hospital in Ahmedabad, Gujarat”, 
Indian Journal of basic & Applied Medical Research,vol.6,issue.2, (2013),pp.608-613. 

21. V.Patel Bhaumik, G. Patel Purav, N. Raval Payal, H. Patel Mitesh, H. Patel Piyush, M .Vegad 
Mahendra, “Bacteriological Profile and Antibiogram of Gram Negative Organisms isolated from 
Medical And Neurology Intensive Care Unit with special reference to Multi-Drug Resistant 
Organisms”, National journal of medical research; vol 2, issue.3, (2012),335-338. 

22. N.A.Patrick Harris, A. Paul Tambyah, L. David Paterson, “β-lactam and β-lactamase inhibitor 
combinations in the treatment of extended-spectrum β-lactamase producing Enterobacteriaceae: 
time for a reappraisal in the era of few antibiotic options”, The Lancet Infectious Diseases, 
3099(14), ,(2015),pp.70950-8. 

23. K. Prashanth, S. Badrinath, “Invitro susceptibility pattern of Acinetobacter species to commonly 
used Cephalosporins, quinolines and aminoglycosides”, Indian Journal of Medical Microbiology, 
2004,vol. 22,pp.97-103. 

24. Puneet Bhatt, Kundan Tandel, Vishal Shete and  K.R.Rathi., (2015) “Burden of extensively drug- 
resistant and Pan drug – resistant Gram- negative bacteria at a tertiary- care centre”, New 
microbe and New infect 2015; 8: 166-170. 

25. Ruchika Bagga, “Retrospective analysis of antibiotic susceptibility and Resistance patterns against 
Nosocomial Gram Negative Pathogens in Fortis memorial research institute, Gurgaon”, vol. 
4,issue9, (2015),pp. 347-351. 

26. Stephen E Mshana, Erasmus Kamugisha, Mariam Mirambo, Trinad Chakraborty and Eligius F 
Lyamuya,  “Prevalence of multi resistant gram-negative organisms in a tertiary hospital in 
Mwanza, Tanzania, vol. 2, issue. 49 , (2009),pp.1-6. 

27. Suzanne Sonya Cherian, John Jacob, P.S. Rakesh, Immanuel R, “Antibiograms of Community-
Acquired Uropathogens from a Secondary Care Rural Hospital in Southern India”, International 
Journal Of Therapeutic Applications, Vol.13, (2013),pp.24-29. 

28. A.F. Shorr, “Epidemiology and resistance among bacteria from adults with complicated skin and 
soft tissue infections in Europe: the PREMIUM ceftaroline surveillance study, Diagn”, 
.Microbiol.infect. Dis. vol.75, (2013),pp.298-303. 

29. E. Tacconelli, A.W. Karmacher, D. Yokoe, D’Agata, “Preventing the influx of Vancomycin –
resistant enterococci into health care institutions by use of a simple validated prediction rule”, Clin 
infect Dis, 39, (2004), pp.964-70. 

30. Tumbarello, Sanguinetti, Montuori, “Predictors of mortality in patients with blood stream 
infections caused by Extended spectrum beta lactamase producing Enterobacteriaceae: importance 
of inadequate initial antimicrobial treatment”, Antimicrobial agents and Chemotherapy, vol. 51, 
issue.6, (2007).pp.1987-1994. 

 

PROTEUS JOURNAL

VOLUME 11 ISSUE 11 2020

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/     Page No: 97


