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ABS TRACT  
 

 

BACKGROUND 

Development of antimicrobial resistance (AMR) to different generations of common 

antibiotics by various organisms is rising alarmingly. A nationwide standard 

antibiotic policy is needed. We wanted to study the resistant organisms, the drug 

class to which organisms are becoming resistant and identify factors favoring the 

development of AMR for formulating an effective antibiotic policy. 

 

METHODS 

We conducted this observational study from January 2018 to May 2019 in a tertiary 

care hospital in India. Sample (urine, blood from ICU patients) processing, organism 

identification and antibiotic susceptibility tests were carried out as per the 

institutional guidelines in the Microbiology Department from where data collection 

was done. 

 

RESULTS 

Out of 500 samples, 145 (29%) showed significant growth of organisms exhibiting 

resistance to either single or multiple drugs. Acinetobacter spp. was the most 

common organism isolated with a total of 40 (27.58%), followed by Klebsiella spp. 23 

(15.83%), MRSA 20 (13.79%), E. coli 15 (10.34%), Pseudomonas 12 (8.27%), 

Enterococci 12 (8.27%), and CoNS 7 (4.82%). Among GNB, Klebsiella and E. coli 

showed minimal resistance to polymyxins, fosfomycin, minocycline and tigecycline. 

Among Staphylococcus spp. maximum sensitivity was seen to teicoplanin, 

tobramycin, tigecycline and minocycline. Acinetobacter spp. showed high sensitivity 

to polymyxins, tobramycin, tetracycline, tigecycline and minocycline. 

 

CONCLUSIONS 

AMR was highly prevalent with hospital acquired organisms, and against commonly 

used antibiotics. Variation of resistance and sensitivity pattern with time and local 

microflora necessitates periodic AMR monitoring and rotation of antibiotics is 

suggested to restrict further emergence of resistance. Focusing on the organisms 

causing UTI and BSI and their resistance pattern, helps in selecting proper antibiotic 

therapy and in strengthening general sepsis measures. 
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BACK GRO UND  
 

 

 

Development of resistance against antibiotics in 

microorganisms has become a nightmare for the clinicians 

these days. Nosocomial infections are among the most serious 

infections acquired by ICU patients.[1] Antimicrobial resistance 

(AMR) is an emerging clinical problem in intensive care units 

(ICUs). Both AM-resistant Gram (-) negative bacilli (GNB) and 

Gram-positive bacteria (GPB) are reported as important causes 

of hospital-acquired infections.[1] Most of the Acinetobacter are 

Multi Drug resistant. Others are methicillin- resistant 

Staphylococcus aureus (MRSA), Vancomycin-resistant 

Enterococcus (VRE), Clostridium difficile, extended-spectrum 

β-lactamase-producing GNB, and Candida AMR is a growing 

health concern of not only India but the whole world.[2,3] 

Controlling infections in developing countries like India where 

infectious diseases still cause high morbidity and mortality, is a 

herculean task.[3,4] 

Beside several intrinsic factors like gene amplification, 

point mutation etc, social factors like demographic variability, 

improper hygienic practices and population explosion have 

been enumerated for the emergence of the multidrug resistant 

(MDR) Escherichia coli by a study carried out in rural Tamil 

Nadu.[3,5] Inappropriate and irrational uses of antibiotics in 

humans and animals for therapeutic and non-therapeutic use 

have been attributed as main causes for the emergence of 

community acquired and Nosocomial infections by World 

Health Organization (WHO).[6,7] Three clinically available β-

lactamase inhibitor that can be combined with β-lactamase to 

reduce hydrolysis, are effective against class-A β-lactamases 

only and not against class B, C, D lactamases. Other class B-

carbapenemase inhibitors, which can be effective against 

carbapenemase producing organisms was under study,[8] but 

most of the carbapenemase producing organisms are now a 

days sensitive to polymyxins. Increase in susceptibility to 

antibiotics by previously resistant gram negative organisms by 

following an antibiotic policy and by antibiotic rotation has 

been demonstrated in a study done on ventilator associated 

pneumonia among ICU patients who were started on 

antibiotics empirically by Didier Gruson et al.[9] 

Due to less known centrally monitored data regarding AMR 

scenario in India and the geographical and time bound 

variations in antibiotic resistance and sensitivity that have 

been reported by many studies, our study was carried out with 

the following objectives 

1. To identify the group of organisms developing resistance 

in BSI and UTI. 

2. To assess the factors favourable for AMR development. 

3. To address the local pathogens, thus to formulate empiric 

antimicrobial therapy. 

4. To identify the classes of drugs, against which resistance 

has emerged. 

5. To develop further policy or strengthen existing policy of 

general sepsis measures. 

 
 

 

ME TH OD S  
 

 

This observational study was conducted from January 2018 

to May 2019 in a tertiary care government hospital in India. 

Institutional ethical committee approval for the study was 

duly obtained (approval letter no-, dated-). Written informed 

consent was obtained from every study subject prior to data 

collection. Sample processing, identification of organisms to 

the genus/species level and antimicrobial sensitivity were 

done as per the Institutional guidelines for Clinical and 

Laboratory standards. Culture and sensitivity data of the 

organisms isolated from 500 non-repetitive samples of urine 

and blood from in patients (IP) of ICU were collected from the 

records of the Microbiology Department. Being an 

observational study, we did not go for a formal sample size 

calculation, however the sample size that we achieved is 

more than sufficient to answer the question as to what 

proportion of sample cases would turn out to be culture 

confirmed cases. Sample size calculation by raosoft sample 

size calculator ⦋http://www.raosoft.com/samplesize.html⦌ 

indicates that 377 sample will be required to answer this 

question with 5% margin of error and 95% confidence level 

assuming that the crude rate of culture confirmed cases 

would be 50%. 

Antibiotics tested for sensitivity against gram negative 

bacteria were 3rd & 4th generation Cephalosporins, 

aminoglycosides, beta lactam and beta lactamase Inhibitor, 

Fluroquinolones, co-trimoxazole, carbapenems, tigecycline, 

tetracycline derivatives, polymyxins and fosfomycin. 

Antibiotic profiles for gram-positive bacteria were 

aminoglycosides, glycopeptides, fluroquinolones, penicillin 

derivatives, lincosamide, co-trimoxazole, macrolides, 

tetracycline derivatives and tigecycline. Organisms acquiring 

non-susceptibility to at least one agent in three or more 

antimicrobial categories were considered as MDR. 

After getting an informed consent in English as well as in 

vernacular languages from the patients or relatives, a 

questionnaire to elicit their prior antibiotic history was 

undertaken. Other relevant data were supplemented from 

the patient’s case sheet. All data were tabulated and analysed 

using descriptive statistics. 

 

 

Statistical Analysis 

Data have been summarized as counts and percentage and 

graphically represented as bar diagrams. 

 

 
 

 

RES ULT S  
 

 

 

Out of 500 samples, 145 (29%) showed significant growth of 

organisms and exhibited resistance to either single or 

multiple drugs. Remaining samples either had no organisms 

grown or had insignificant growth. Among the samples, 100 

were from blood and 45 were urine samples [Tables-1]. 

Organisms isolated from various samples were Acinetobacter 

spp., E. coli, Klebsiella spp., Pseudomonas spp., Staphylococcus 

spp. (MRSA or CoNS), Enterococcus spp., Elizabethkingia 

meningoseptica, Citrobacter spp., Enterobacter spp., Myroids, 

Providentia rettgeri, Proteus mirabilis, Chryseobacterium 

indologenes etc. Acinetobacter spp. was the most common 

organism isolated with a total number of 40 (27.58%). 36 

(36%) of Acinetobacter isolates were from blood and 4 were 

from urine. Klebsiella isolates were a total of 23 (15.86%), 12 

from urine and 11 from blood.  
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Organisms Causing UTI and BSI 

Among 15 (10.34%) E. coli samples, 12 were from urine 

and 3 from blood. Amongst the 20 (13.79%) MRSA isolates, 18 

were from blood and 2 from urine samples. 6 (4.15%) isolates 

of Pseudomonas were obtained from blood and urine samples 

each. 6 (4.13%) Proteus were isolated, 3 each from urine and 

blood. 2 Enterococci were isolated from the urine samples and 

10 from blood. Other positive samples found solely from blood 

were Coagulase negative staphylococci (CoNS) 7 (4.82%), 

Enterobacter spp. 4 (2.75%), Elizabethkingia meningoseptica 1, 

Chryseobacterium indologenes 1. Some uncommon organisms 

isolated only from urine samples were Citrobacter spp.-2, 

Myroids-1, Providentia rettgeri-1 

 

Organisms 
Resistance Pattern Against 
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Acinetobacter 

spp. (40 no.                  

out of 145) 

24 20 12 29 17 25 8 3  4 27 4 29 24    9 4  

Pseudomonas 

Spp. (12 out of 

145) 

2 8 4 4  6 1   3  7 3 6       

Enterobacteriace

ae spp. (38 out of 

145) 

21 23 13 18 9 19 18  4 2 26 3 30 28    6   

Staphylococcus 

spp. (27 out of 

145) 

     2      1 16 15 2   3 1 4 

Enterococcus 

spp. 

(38 out of 145) 

            7 7 5 5 3   2 

Table 1 

CEFEP- Cefepime, CEFTAZ- Cefepime/Tazobactam, CEFSUL- 

Cefoperazone/Sulbactum, Mero- Meropenem, Dori- Doripenem, IMI- Imipenem, 

ERTA- Ertapenem, COL- Colistin, FOS- Fosfomycin, AZT- Aztreonam, AMK- 

Amikacin, Tobra- Tobramycin, Cipro- Ciprofloxacin, Levo- Levofloxacin, Teico- 

Teicoplanin, VANC- Vancomycin, LNZ- Linezolid, MINO- Minocycline, TIGE- 

Tigecycline, DOXY- Doxycycline 

 

Among the commonly used antimicrobials against gram 

negative and gram-positive organisms in our study, 

maximum resistance was observed with co-trimoxazole 

followed by ampicillin, amoxicillin, amoxiclav, 

fluoroquinolones, third generation Cephalosporins and 

nalidixic acid. Least resistance or the highly sensitive 

antimicrobial to organisms isolated was observed with 

polymyxin B, colistin, tigecycline, minocycline, amikacin, 

nitrofurantoin, gentamycin, clindamycin, doxycycline, 

macrolides and vancomycin [Figure 1]. 

Maximum resistance to multiple antimicrobials by 

organisms were observed by Acinetobacter spp. followed by 

Klebsiella, MRSA, E. coli and Pseudomonas [Figure 1]. 

Organisms from blood were the most resistant ones 

followed by those from urine samples. Sensitivity of isolated 

resistant organisms to various antimicrobials is depicted in 

Figure 2 to 5. 41% of samples were collected before starting 

antimicrobials and 59% of the patients got antibiotics before 

sending samples. Culture report-based change in 

antimicrobials resulted good outcomes in many of the 

patients. Previous antimicrobial exposure history could not 

be elicited from more than 50% of subjects because of their 

unawareness. Patients unexposed to antibiotics was 10% and 

30% were found having used antimicrobials before with or 

without completing the course. 

 

 
 

DI SCU S SI ON  
 

 

Most of the positive culture growths were of GNBs. The gram-

negative and few gram-positive (MRSA and CoNS) organisms 

isolated from ICU patients exhibited high antimicrobial 

resistance. This pattern is corroborative of the WHO 

community surveillance study report on pathogens 

suggesting prevalence of more resistant organisms among 

hospitalized patients than community acquired organisms.[10] 

Acinetobacter spp., the most common and highly resistant 

organism in our study, was isolated mostly from blood than 

urine samples. Gram negative coccobacilli, Acinetobacter is a 

serious and emerging ICU infection. The organism has the 

ability to accumulate diverse mechanisms of resistance, 

leading to the emergence of strains resistant to all 

commercially available antibiotics.[11] Carbapenem-

resistant A. baumannii is a critical-priority pathogen on the 

WHO priority list of antibiotic-resistant bacteria for effective 

drug development.[12] Likewise, high percentage of ESBL 

producing E. coli was found in a study at a tertiary care 

hospital in Chennai.[13] More number of MDR E. coli was noted 

in our study, consistent with the results of many similar 

studies.[10,14,15] Highest resistance by E.coli was noted against 

penicillins followed by fluoroquinolones, co-trimoxazole, 

third generation cephalosporins and nalidixic acid in our 

study similar to many studies.[10,13,14,16] 
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MRSA are highly prevalent in hospitalized post-surgical 

and trauma patients.[17,18,19,20] Hospital acquired MRSA is more 

virulent and MDR than community acquired one.[17,19] MRSA 

showed high resistance to co-trimoxazole, ampicillin/ 

amoxicillin and fluoroquinolones in our study. Least resistance 

was against macrolides, clindamycin and gentamycin. 

Vancomycin and amikacin were 100% effective on MRSA 

similar to other studies.[14,18,21,22-23] 

MDR Pseudomonas was isolated in 12 out of 145 positive 

samples confirming it to be a common ICU infection as 

evidenced by many studies conducted at different parts of 

India..[15,27,28] Sensitivity was observed more to cefepime and 

ertapenem than to fluoroquinolones in our study [Figure 1]. 

In our study, Klebsiella, like E. coli was found to be resistant 

to penicillins, co-trimoxazole, third generation 

cephalosporins, fluoroquinolones, nitrofurantoin. Least 

resistance was exhibited to tobramycin, gentamycin, amikacin 

mimicking the results of many studies.[24-26] Proteus showed 

variable sensitivity to amikacin, gentamycin and 

fluoroquinolones compared to 100% sensitivity reported by 

Shashi Chopra et al. among ICU patients in his study.[28] 

Enterococci was isolated from 2 urine and 10 blood samples 

and showed sensitivity to doxycycline, linezolid, moxifloxacin 

etc. Incidence of 28% isolation from ICU patients at Jalandhar, 

Punjab, was reported with similar sensitivity.[26] 

Citrobacter was isolated from 2 urine samples, being 

resistant to nitrofurantoin and penicillin but sensitive to third 

generation cephalosporins, co-trimoxazole and 

fluoroquinolones in our study. This increased use of 

Quinolones might have resulted in increased resistance to 

them, which could have pushed down the use of Quinolones 

and increased that of third generation cephalosporins, 

increasing incidence of resistance to third generation 

cephalosporins, found in our study probably due to the 

increasing emergence of ESBL producing organisms following 

increased usage. Less resistance was noted against drugs such 

as gentamycin and amikacin. Restricted use of these drugs 

because of the cost and the need for assistance for parenteral 

administration may be the contributing factor for remaining 

sensitive still. 

Empirical use of antibiotics in the community and in 

hospitalized patients has been highlighted in some 

studies.[27,28] Inappropriate use of antibiotics being an 

important contributing factor for the development of 

resistance has already been established. However, in a study 

among primary school children in rural Tamil Nadu, recent 

history of medication use was not identified as a significant 

risk factor for the emergence of MDR organisms.[5] 

The lack of knowledge about the consequences of 

inappropriate use of antibiotics by the patients has been 

identified as an important cause for the emergence of AMR. 

Development of resistance was more by GNBs than by gram-

positive ones. 

 

 
 

 

CONC LU S ION S  
 

 

 

In this observational study, MDR organisms (gram negative, 

gram positive, and some rare species like Citrobacter) were 

isolated in 145 samples of urine and blood. They were likely 

due to nosocomial infections resistant to more than 2 - 3 

groups of antibiotics. Geographical and time-based variation 

was clearly observed. However, emergence of AMR to prior 

antibiotic exposure could not be correlated. The changing 

pattern of resistant organisms could be identified though 

analysis from multiple centers. A proper antibiotic policy and 

strict follow up of guidelines along with antibiotic rotation and 

possible screening of health care workers and disinfecting 

them will help in controlling infections better. 
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