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ABSTRACT  

Aim: To study the antimicrobial resistance pattern in an intensive care unitsetting of 

atertiary care hospital. 

Materials and Methods: A prospective-observational study was conducted for a period 

of one year from April 2018 to March 2019. A total of 2017 samples, such as urine, 

tracheal aspirates, pus, sputum, pleural fluid, cerebrospinal fluids, other body fluids, 

from the patients admitted in the ICUs were included in the study. Their culture and 

sensitivity testing were done as per the clinical and laboratory standard institute (CLSI) 

guidelines. Methicillin-resistant Staphylococcus aureus was detected by using 30 µg 

cefoxitin disk. Production of Extended spectrum beta-lactamase and carbapenamase 

was also determined.  

Results: Out of 2107 samples received from the ICUs, 469 isolates (22.25%) were grown. 

There were 375-gram negative bacilli and 94-gram positive cocci. Predominant gram-

negative bacilli were Klebsiella (34.32%), followed by Escherichia coli, pseudomonas, 

citrobacter and acinetobacter spp.Extended spectrum beta-lactamase and 

carbapenamaseproduction was seen in 269- and 197-gram negative bacilli, 

respectively.Among gram positive cocci, Coagulase negative staphylococcus (9.8%) was 

predominant, followed by Staphylococcus aureus and enterococci.89.29% 

ofStaphylococcus aureus isolated were methicillin resistant. 

Conclusion: In the current study majority ofisolates were gram negative bacilli.Most of 

the organisms were resistant to commonly used antimicrobials. Since initiation of 

empirical therapy is crucial in critical care settings, local antibiogram preparation is 

need of the hour to select most appropriate antimicrobial while awaiting culture and 

sensitivity report. 

Key words: Intensive Care Unit, Antimicrobials, Resistance, Gram Negative Bacilli, 

Gram Positive Cocci. 

 

INTRODUCTION 

Mankind is facing a global health problem, since there is a constant increase in the number of 

multidrug resistant microorganisms. Both,gram positive andgram-negative bacteria are 

becoming resistant to various available antimicrobials with global prevalence rate of 60 % or 

more.1 
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Patients admitted in ICUs are associated with high morbidity and mortality and there is 5 - 10 

times greater risk of infection among intensive care unit patients compare to patients admitted 

in other wards of the hospital.2 

In developing countries there is scarcity of quick, economical andaccurate methods for 

identification of pathogenic organisms,for diagnosis ofcritically ill patients who are admitted 

in ICUs, leading tothe overuse of broad-spectrum antibiotics. Consequently, there is 

development of resistance among microorganisms, to almost all the available antimicrobials, 

providing us limited therapeutic options to treat hospital acquired infections caused by 

multidrug resistant pathogens.3However there is no significant development in the field of 

antimicrobial to tackle the spread of multidrug resistant bacteria. 4As a result we are left with 

the with the alternatives of using older and more toxic antimicrobials to which organisms are 

now showing considerable susceptibility.5,6 

The Center for Disease Control and prevention(CDC) has declared that due to enormous 

increase in infections caused by resistant microorganisms, the health care system is becoming 

weak because of gloomy universal economic effects. It also imposes a therapeutic challenge 

for clinicians,resulting in delayedprecise antibiotictherapy, which in turn leads to increased 

morbidity and mortality.1 

According to variousworldwide studies, developedcountries are facing more gram-

positiveinfection then thegram-negative infections, whereas in regions like Asia –

Pacific,multidrug resistant gram negativebacterial infections are predominant. Main offenders 

are Extended spectrum beta-lactamase(ESBL) producingmultidrug resistant gram-negative 

bacteria,carbapenemase producing eneterobacteriaceae, carbapenem resistant acinetobacter 

species and multidrug resistant Pseudomonas aeruginosa.4 

Antibiotics are one of the important pillars of modern medicine. Exponential rise in 

antimicrobial resistance is taking the form of epidemic, worldwide.India carries the highest 

burden of infectious diseases in the world, reason being inappropriate andirrational use of 

antibiotics and their over-the-counter availability.7 

All this hadled to unchecked growth of nosocomial pathogens due to unavailability of 

susceptible antibiotics.8 

It is the need of the hour to develop evidence-based Knowledge regarding the local 

antimicrobial resistance pattern, so that appropriate empirical therapy for distinct pathogen 

can be initiated at the earliest.9For this, data regarding local surveillance and resistant pattern 

of antimicrobials, from multiple studies is required.This will also help in containing the 

spread of nosocomial infections.3 

Aim of the present study is to identify and obtained a thorough knowledge about the present 

situation of antimicrobial resistance among the intensive care unit patients in Chhatarpati 

Shivaji Subharti hospital (CSSH).As the intensive care unit patients are more prone to 

hospital acquired infections, hence, the current study is focused on samples obtained from 

ICU patients.  

 

MATERIALS AND METHODS 

A prospective observational study was conductedin a tertiary care hospital in Western Uttar 

Pradesh, by the department of Microbiology. Study was conducted from April 2018 to March 

2019. 

Patients of allage group andof either sex, admitted to various ICUs of CSSH, SMC were 

including in this study.  

 

INCLUSION CRITERIA 
All sample (except blood and stool) received from the intensive care unit, receivedin 

clinicalMicrobiology laboratoryduring the study period.  
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EXCLUSION CRITERIA 

Patients who have received antimicrobial therapy prior to sample collection. 

 

ETHICS APPROVAL 

The study has been approved by institutional ethical and research committee.  

 

SAMPLE COLLECTION AND PROCESSING 

All clinical sample (except blood and stool)such as urine, tracheal aspirates, pus, sputum, 

pleural fluid, cerebrospinal fluids, other body fluids etc. received in the Microbiology 

laboratory were processed as per standard protocol. Samples were subjected for aerobic 

bacterialculture on various media like blood agar, chocolate agar, macConkey agar and 

cystine–lactose–electrolyte-deficient agar. 

Any growth observed was identified as per the standard guidelines. Antimicrobial 

sensitivitytesting was done using Kirby - Baur disk diffusion method.  

Minimum inhibitory concentration was detected for vancomycin andcolistin by broth dilution 

method. 

Methicillin-resistant Staphylococcus aureus was detected by using 30 µg cefoxitin disk. 

Extended spectrum beta-lactamase production in gram negative bacilliwas detected by using 

ceftazidime and ceftazidime - clavulanic acid disk. Adifference in the zone size of 5 mm 

between the disks was considered asconfirmatoryESBLproducer as per CLSI guidelines. 

Screen positive for carbapenemase production was considered for strain showing resistant to 

Imipenem. 

 

RESULTS 

A total of 2107 samples were processed during the study period. Out of which 469 (22.25%) 

samples were culture positive and 1638 (77.75%) samples showed no growth. 

Out of 469 culture positive sample, there was male predominance (61.19%) as compared to 

female patients (38.80%).  

Table 1: Age wise distribution of patients with isolates(n=469) 

S.no. Age(in years) No. of Isolates Percentage % 

1. <10 68 14.49 

2. 11-20 24 5.11 

3. 21-30 31 6.60 

4. 31-40 44 9.38 

5. 41-50 63 13.43 

6. 51-60 92 19.62 

7. >60 147 31.33 

 

Table 2: ICUs wise distribution of clinically significant organisms(n=469) 

ICUs No. of Isolates Percentage (%) 

SICU 199 42.43 

MICU 114 24.30 

RICU 65 13.85 

SP.ICU 47 10.02 

PICU 22 4.69 

NICU 12 2.55 

BICU 8 1.70 

CCU 2 0.45 

P value=<0.0007(S) 
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Table 3: Sample wise distribution of clinically significant isolates (n=469) 

Sample Isolates Percentage % 

Pus 165 35.18% 

Endotracheal aspirate 115 24.52% 

Urine 64 13.64% 

Sputum 49 10.44% 

Tracheal aspirate 28 5.97% 

CSF 18 3.83% 

Pleural fluid 15 3.19% 

Ascitic fluid 5 1.06% 

HVS 3 0.63% 

Central line tip 2 0.42% 

Other sample(tissue) 5 1.06% 

Total 469 100 

 

Table 4: Profile of bacteria isolated from samples received from ICUs (n= 469) 

Bacteria Isolated Isolates Percentage (%) 

Gram Negative Bacilli (N=375) 

Klebsiella spp. 161 34.32 

E.coli 120 25.58 

Pseudomonas spp. 61 13.01 

Citrobacter spp. 18 3.83 

Acinetobacter spp. 15 3.19 

Gram Positive Cocci (n=94) 

CONS 46 9.80 

Staph. Aureus 28 5.97 

Enterococcus spp. 20 4.26 

P value =<0.0002(S) 

 

Table 5: Distribution of ESBL and Carbapenemase producing gram negative bacilli 

(n=375) 

 

 

 

 

 

 

Table 6: Distribution of methicillin resistance producers among the members of gram-

positive cocci isolated(n= 94) 

MRSA 25 (89.29%) P value=<0.0035(S) 

MSSA 3(10.71%) 

MR-CONS 31(67.39%) P value=<0.0031(S) 

MS-CONS 15(32.60%) 

  

Table 7: Percentage of resistance of Gram-negative bacteria isolated from ICU samples 

tovarious antibiotics (%) 

Antimicrobials Klebsiella 

Species 

E.coli Pseudomonas 

species 

Citrobacter 

species 

Acinetobacterspecies 

AMP 99 98 Nt Nt Nt 

ESBL producer 269 p value=<0.0007(S) 

Non-ESBL producer 106 

Carbapenamase producer 197 p value=<0.0003(S) 

Non –carbapenamase producer 178 
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PI 99 99 72 72 80 

AMC 98 99 Nt Nt Nt 

A/S 91 94 Nt Nt 70 

PIT 77 93 47 47 75 

TE 87 80 Nt Nt Nt 

COT 89 88 Nt Nt 70 

CIP 96 94 79 79 70 

CFM 96 97 Nt Nt Nt 

CAZ 96 97 65 65 75 

CTR 97 97 Nt Nt 75 

AT 96 94 70 70 Nt 

CPM 89 93 47 47  

GEN 73 37 70 70 75 

AK 73 34 70 70 75 

TOB 75 37 70 70 70 

C 69 26 Nt Nt Nt 

ETP 51 39 Nt Nt Nt 

MRP 52 40 45 45 78 

IPM 52 40 38 38 76 

CL 0 0 0 0 0 

nt=not tested,  

AMP- Ampicillin, PI- PiperacillinAMC- amoxicillin/clavulanic acid,A/S- ampicillin-

sulbactum, PIT- itperacillin/tazobactam,TE-Tetracycline,COT- Cotrimoxazole, CIP-

Ciprofloxacin, CFM- Cefixime, CAZ- Ceftazime, CTR- Ceftriaxone, AT- Aztreonam, CPM- 

Cefepime, GEN- Gentamicin,AK- Amikacin, TOB- Tobramycin, C- Chloramphenicol, ETP-

Ertapenem, MRP-Meropenem, IPM-Imipenem, CL-Colistin. 

 

Table 8: Percentage of resistance of Gram-positive cocci isolated from ICU samples to 

various antibiotics (%) 

 Staph. aureus CONS Enterococcus species 

Penicillin 90 68 84 

Ampicillin Nt Nt 84 

Erythromycin 44 72 84 

Clindamycine 24 72 84 

Doxycycline Nt Nt Nt 

Co-trimoxazole 88 72 Nt 

Tetracycline 86 43 Nt 

Ciprofloxacin 80 69 Nt 

Moxifloxacin 64 63 Nt 

Chloramphenicol 12 33 85 

Gentamicin 12 15 - 

Linezolid 0 29 0 

Vancomycin 0 29 0 

Teicoplanin Nt Nt 0 

HLG Nt Nt 67 

HLS Nt Nt 67 

Nt=Not tested; HLS= High level Gentamicin, HLS= High level Streptomycin  
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DISCUSSION 

Patients admitted in ICUs have a significant higher risk of morbidity and mortality compared 

to patients in other wards of the hospitals. With the emergence of antimicrobial resistance, 

prognosis and survival of these patients deteriorate further. Clinicians and microbiologist are 

diligentlyworking to diminish this problem. Several studies have supported that enhanced 

usage of antibiotics for prophylactic and therapeutic measures in intensive care unithas led to 

the development of antimicrobial resistance.  

In the current study, out of 2107 intensive care unit samplesreceived, 22.25 % were culture 

positive as compared to 76 % and 46.4% of samples bySavanur S. et al. and chakraborty et 

al., respectively.7,10Their higher isolation rate could be due to less sample size of the studies. 

Gram negative bacilli were isolated more than gram positive cocci in our study.Various 

studies have shown similar results where gram negative bacilli were more commonly isolated 

than grampositive organisms.3,11,12 

Klebsiella sppwere the predominant bacilli,followed by E.coli, Pseudomonas spp., citrobacter 

and acinetobacterin our study. This is in consistence with the studies of other researchers like 

Bhatia A et al., and Faheem N, where they detected 13.46 % and 22.5 % of klebsiella species. 

13, 1 On the contrary many people have detected E. coli 7,9, 12,and acinetobacter4 as 

predominant gram-negative bacteria in their work. 

We found CoNS (9.8%) as the predominant Gram-positive isolate in our study, followed by 

Staphylococcus aureus and enterococcus species.This is in accordance with other workers 

like Bhatia A et al.13 (35.5%) and Fahim N1(12.5 %). Higher percentage of CoNS could be 

due to their presence as skin colonizers and their association with invasive devices, which are 

repeatedly handled by health care workers,who mightnot follow appropriate infection control 

measures.14 

Predominant organisms varies in different studies because of numerous factorslike follow up 

of hospital infection control practices, environmental condition of the ICU, sample size of the 

study,laboratory methodology,etc. 

In the current study, Klebsiella spp.showed highresistance to piperacillin99 %, 

cephalosporins96%,aminoglycosides73 %, carbapenems 52% but they were uniformly 

sensitive to colistin. 

In contrast Sanavur S et al.detected 65 % resistance to cephalosporin, 60 % resistanceto 

aminoglycosides, 45 % resistance to imipenem.They found 20 % isolates resistant to colistin 

unlike our study.7 

Ibrahim ME,detected the rate of resistance in K. pneumoniae as 71.8 % for cotrimoxazole, 

71.4 % for cefetoxime and cefuroxime, 67.3 % for cefepime, 65.2 % for aztreonamand 64.4 

% piperacillin.15 

Siwakoti et al.,also detected high resistance among K. pneumoniae for piperacillin, 

cephalosporin, aminoglycosides and carbapenem.None of their isolate was resistant to 

colistin, similar to our study.4 

In another study conducted by Saxena S et al.,Klebsiella spp. were found 70 % resistant to 

piperacillin-tazobactum, 83 % resistant to cephalosporin ,66 % to imipenem,74 % resistant to 

aminoglycosides.16 

There was a high antimicrobial resistance among E.coli too.Piperacillin 99%, cephalosporin 

97%, carbapenems 40 %,aminoglycosides35 % resistance was detected. In a study of 

bacteriological profile and drug sensitivity pattern in an ICU in a tertiary care hospital in 

Imphal, E.coli showed lesser resistance compared to our study. It varies from 26to86 % with 

maximum resistance to ciprofloxacin.17 In a study conducted by Gunjal P. et al, E.coli shows 

24.10 % to amikacin, 48.2 % resistant to gentamicin, there was 100 % resistant to 

cefotaxime.12 
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In current study, pseudomonas showed higher resistance to ciprofloxacin 79%, followed by 

piperacillin72 %, aminoglycosides 70%, meropenem and imipenem 45 % and 38 % 

respectively. Jesmin H et al., found much higher resistance among pseudomonas spp. They 

detected 77.24% resistance to ceftrixone, 94.29 % resistance to ceftazidime, 68-74 % to 

aminoglycosides and 74 % to meropenem.18 

Roy A.found more antimicrobial sensitivity among Pseudomonas aeruginosa. They inferred 

that, Pseudomonas aeruginosaresistance to commonly used antimicrobial varies from 11% - 

53 %. Only 1 % of pseudomonas aeruginosa were resistant to colistin.17 

In the present study, Staphylococcus aureusshowed almost complete resistance to penicillins 

and considerable resistance toco-trimoxazole, tetracycline and ciprofloxacin. There was 100 

% sensitivity to linezolid and vancomycin. S saxena et al. detected resistance to 

aminoglycosides, fluraconazole,cotrimoxazole, macrolides (26 - 58 %). None of their isolates 

wereresistance to vancomycin, linezolid, similar to our study. 16 

Whereas A. Royetal., found out 14 % resistant to linezolideand 28 % resistantto vancomycin 

among Staphylococcus aureus and resistant to fluroquinolones and cotrimoxazole varies from 

29 - 36 %.17 

Enterococcus showed increased resistant to chloramphenicol, penicillin group and macrolide 

group of antibiotics.A.Roy et al., detected 1 % Vancomycin resistant enterococci in their 

study. 17 Enterococci were also resistant tociprofloxacin (22 %), linezolid(8 %) andhigh-level 

gentamicin (12%). Kaur N. et al. detected 4.57 % enterococci isolates in their study. 19 

Among gramnegative bacilli, ESBL and carbapenemase producers were more in Klebsiella 

spp. compare to E.coliand Pseudomonas spp. (ESBL p= <0.0007 and carbapenemase 

p=<0.0003,) 

ESBL and carbapenemases producing organisms constitute a major fraction of isolated 

bacteria in the ICU setting in our study. The present study concluded ESBL production 

among 71.73% isolates and carbpenemase among 53 % of isolates. Aggarwal at el., in their 

study on various ICU samples found out that 54.28% produced ESBL and 28.57% produced 

carbapenemase, which is in agreement with our study.20Kaur N et al., also detected ESBL and 

carbapenemase production among klebsiella pneumoniae in their study in Amritsar, Punjab. 
19 

In the current study, MRSA detection rate was 89.29% (p=<0.0035). Nazeih SI. et al. too 

observe a very high MRSA rate 95.4% in their study on ICU samples. 8Contrary tothis, Roy 

A. et al.detectedvery less MRSA percentage (30 %) in their study on ICU samples.17 

As per ICMR guidelines beta- lactam and beta lactamase inhibitor combination such as 

piperacillin - tazobactamcan be used as the empirical treatment in critically ill patient in ICU. 

In current study, a high resistance to piperacillin - tazobactamhas been detected (47 - 93%) in 

gram negative bacilli. A considerable high resistance to carbapenem is also found which 

varied from 39 - 78 %.In our study we have found that all the gram negative and gram-

positive isolates were sensitive to colistin and vancomycin, respectively.  

Such a high level of resistance could be due to prior irregular and inappropriateantibiotics 

usage, prolonged stay in the hospital because of severe infection and critical condition of the 

patients.  

A local antibiogram has to be prepared in ICU setups, regularly. This will help clinicians to 

use the best relevant antibiotics to treat patients while waiting for culture sensitivity reports. 

To prevent the emergence of pan-drug-resistant organism, a practical and comprehensive 

antibiotics stewardshipprogram is essential. De-escalation of antimicrobials should be 

initiated as soon as possible.The simple HAI prevention measures like hand hygiene should 

be practices for each available opportunity. With these above strategies, burden of multidrug 

resistantorganisms in ICU can be reduced.  
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LIMITATIONS 

Blood and stool sample were excluding from thestudy. Fungal isolates were not included in 

the study. 

 

CONCLUSION 

Majority of the pathogens in our study have developed resistance to most of the antibiotics, 

commonly usedfor treating critically ill patients in ICU. Gram negative organisms are 

isolated more commonly than gram positive bacteria. To initiate evidence based empirical 

treatment, prompt construction of local antibiogram and antibiotic stewardship strategies are 

essential. HAI prevention strategies should be followed sincerely. 
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