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Introduction

• ICU is most frequently identifiable source of nosocomial infections 

• Likelihood of occurrence of infection may increase by 6% for each day 

• Urinary tract infections, pneumonia and bacteremia are currently the most common and 

pneumonia is by far the leading cause of death 

• The empiric treatment of infections in the ICU demands an intimate knowledge of the 

epidemiology, the source, the type and the nature of infections as well as the 

antimicrobial resistance patterns of the invading organisms

• Some are unique to every ICU



Prevalence of HAI in ICU

• USA – 5-10%

• EU 18-20%

• Developing countries 51%

• Local data 30-35%

JAMA. 2009;302(21):2323-2329. doi:10.1001/jama.2009.1754
Weiner et al. Infect Control Hosp Epidemiol 2016;37:1288–1301

Agarwal et al. Journal of Infection (2006) 53, 98e105



Common infection syndromes in the ICU

• Those associated with supportive devices Device associated 

infections

• CAUTI

• Ventilator associated pneumonia

• CRBSI/CLABSI

• SSI



NHSN – CDC data

Weiner et al. Infect Control Hosp Epidemiol 2016;37:1288–1301



ECDC data



Indian data

• SSI was commonest (57.2%) followed by UTI (23.8%) and BSI (19.0%) 
respectively

• CLABSI (13.50%) was the most common followed by UTI (10.75%) and 
VAP (6.15%) 

• Previous study from PGI – Pneumonia (23%)  Undifferentiated 
sepsis (10.5%) BSI (7%)  UTI (1.4%)  CRBSI

• Pneumonia (20%)  blood stream infection (12%)  VAT (3.53%) 
CAUTI (1.6%) CDAD (1.35%)  CRBSI (0.81%)

Indian Journal of Anaesthesia | Vol. 58| Issue 1 | Jan-Feb 2014 

Agarwal et al. Journal of Infection (2006) 53, 98e105



Hospital acquired and ventilator associated pneumonia

• HAP – 48 hours or more after admission and did not appear to be 

incubating at the time of admission

• VAP - >48 hours after endotracheal intubation



HAP/VAP rates

• Trend in Ventilator-Associated Pneumonia Rates Between 2005 and 2013

JAMA. 2016;316(22):2427-2429. doi:10.1001/jama.2016.16226



HAP/VAP rates from India and effect of preventive strategies 

Incidence of ventilator-associated pneumonia and impact of multidrug-resistant infections on patient's outcome: Experience at an Apex Trauma Centre in North India. Indian J Med Microbiol
2017;35:504-10



Risk factors for MDR VAP/HAP

Clinical Infectious Diseases 2016;63(5):e61–111



VAP/HAP etiology

• Data from USA CDC NHSN 2011-2014

• Staph aureus 28.0%

• Pseudomonas 21.8%

• Klebsiella 9.8% 

• Escherichia coli 6.9% 

• Acinetobacter 6.8% 

• Enterobacter species 6.3%

Clin Infect Dis. 2010 Aug;51 Suppl 1:S81-7



VAP/HAP aetiology

• A. baumannii (54%) 

• P. aeruginosa (21%)

• K. pneumoniae (13%)

• E. coli (3%)

• S. aureus (3%)

• Stenotrophomonas maltophilia (2%)

• Burkholderia cepacia (1%)

• Providencia (0.7%) and Candida (0.7%)

Incidence of ventilator-associated pneumonia and impact of multidrug-resistant infections on patient's outcome: Experience at an Apex Trauma Centre in North India. Indian J Med Microbiol
2017;35:504-10



VAP/HAP etiology

Organism Frequency (%)

Acinetobacter

baumannii

20 (40.81)

Pseudomonas

aeruginosa

8 (16.32)

Klebsiella pneumoniae 8 (16.32)

Polymicrobial 8 (16.32)

Enterobacter cloacae 2 (4.08)

MRSA 2 (4.08)

Burkholderia cephacia 1 (2.04)

Total 49 (100)

VAP

Organism Frequency (%)

Acinetobacter

baumannii 10 (62.5)

Pseudomonas

aeruginosa 3 (18.75)

Klebsiella pneumoniae 1 (6.25)

Escherichia coli 1 (6.25)

Polymicrobial 1 (6.25)

Total 16 (100)

HAP



Clinical Infectious Diseases, Volume 51, Issue Supplement_1, 1 August 2010, Pages S81–S87, https://doi.org/10.1086/653053

Table 5. Differences in Causative Pathogens of Hospital-Acquired 

Bacterial Pneumonia (HABP) and Ventilator-Associated pneumonia

Data collected as a part of SENTRY antimicrobial 

surveillance program from patients in North America, 

Europe, and Latin America (1997-2008)



Clinical Infectious Diseases, Volume 51, Issue Supplement_1, 1 August 2010, Pages S81–S87, https://doi.org/10.1086/653053

The content of this slide may be subject to copyright: please see the slide notes for details.

Table 6. Variations in Drug Susceptibility Rates between Hospital-

Acquired Bacterial Pneumonia (HABP) and VAP



Drug susceptibility profile in VAP 

Incidence of ventilator-associated pneumonia and impact of multidrug-resistant infections on patient's outcome: Experience at an Apex Trauma Centre in North India. Indian J Med Microbiol
2017;35:504-10



Treatment: Principles

• Empiric treatment regimens based on local distribution of pathogens associated with VAP and 

their antimicrobial susceptibilities

• Every hospital to generate local antibiograms

• Agent active against MRSA for the empiric treatment of suspected VAP only in patients with any 

of the following: a risk factor for antimicrobial resistance, patients being treated in units where 

>10%–20% of S. aureus isolates are methicillin resistant, and patients in units where the 

prevalence of MRSA is not known

• For HAP and no risk of MRSA cover MSSA -piperacillin-tazobactam, cefepime, levofloxacin, 

imipenem, or meropenem

• Pseudomonas MDR is suspicion – Combination therapy Beta lactam + FQ or aminoglycosides 

Clinical Infectious Diseases 2016;63(5):e61–111



Treatment: Principles

• VAP with MDR organisms susceptible to only polymyxin and AG –

inhaled antibiotics 

• Length of therapy 7 days

• De escalation of antibiotics based on culture sensitivity reports

Clinical Infectious Diseases 2016;63(5):e61–111



• Rx Vancomycin 15-20mg/kg every 8-12 hours 
• Dose to obtain trough concentrations 15-20mcg/mL





Linezolid versus Vanco or Teico metanalysis

European Journal of Clinical Microbiology & Infectious Diseases September 2013, Volume 32, Issue 9, pp 1121–1128

https://link.springer.com/journal/10096
https://link.springer.com/journal/10096/32/9/page/1


Linezolid versus Vanco or Teico metanalysis

European Journal of Clinical Microbiology & Infectious Diseases September 2013, Volume 32, Issue 9, pp 1121–1128

https://link.springer.com/journal/10096
https://link.springer.com/journal/10096/32/9/page/1


Gram negative HAP/VAP

• ESBL organisms –

• Carbapenems (except Doripenem)

• Cephalosporins selectively depending on the prevalence of resistance to ceftazidime and 

cefepime

• local cefepime resistance rates are high (ie, >10 percent)Carbapenem

• Ceftazidime avibactam non inferior to meropenem in REPROVE trial for MDR (ceftazidime

resistant) gram negative HAP/VAP

• Carbapenem resistant (Carbapenemase producing)

• Colistin/Polymyxin especially with Acinetobacter baumanii

Lancet Infect Dis 2018; 18: 285–95



Intravascular catheter-related bloodstream infection

• Lab confirmed blood stream infection

• Recognized bacterial or fungal pathogen cultured from one or more blood cultures, and the 

pathogen is not related to an infection at another site

• Common commensal organism (eg, coagulase-negative staphylococcus) in two or more blood 

cultures collected on different days or from different sites that is not related to an infection 

at another site and that occurs in the setting of one of the following signs or symptoms: fever 

(>38.0°C), chills, or hypotension

• CLABSI- BSI meeting at least one of the LCBI criteria above in a patient with a 

central line in place for >2 consecutive calendar days 



Epidemiology

• US CDC data suggests decrease in incidence

• 3.6 per 1000 central line days 2001

• 1.5 per 1000 central line days 2009

• 0.76 per 1000 central line days in 2013

• EU

• CLABSI rate 1.8-2.4 per 1000 central line days 2016

• ICU acquired BSI 3.7%  patients staying > 2 days

• BSIs was CLABSI in 43.6%, secondary to another infection 35.1% of cases, unknown 

origin in 21.4% of cases

Sustaining Reductions in Central Line-Associated Bloodstream Infections in Michigan Intensive Care Units: A 10-Year AnalysisAm J Med Qual. 2016;31(3):197
European Centre for Disease Prevention and Control. Healthcare-associated infections acquired in intensive care units. In: ECDC. Annual epidemiological report for 2016. Stockholm: ECDC; 2018.



Epidemiology

• Developing countries

• Pooled incidence of CLABSI (422 ICUs 36 countries) in Latin America, Asia, Africa, 

and Europe from 2004 to 2009 6.8 per 1000 central line days

• Indian data

• 5.1 per 1000 central line days

• PGI

• 8.58 per 1000 central line days

Infect Control Hosp Epidemiol. 2016 Feb;37(2):172-81
Am J Infect Control. 2012;40(5):396

https://www.ncbi.nlm.nih.gov/pubmed/26607300


Epidemiology – causative organisms



Epidemiology – causative organisms

CDC NHSN 2011-2014

Coagulase-negative staphylococci – 16.4 percent

S. aureus – 13.2%

Enterococci – 15.2 %

Candida – 13.3 %

Klebsiella – 8.4%

E coli – 5.4 %

Enterobacter – 4.4 %

Pseudomonas – 4 %

Weiner et al. Infect Control Hosp Epidemiol 2016;37:1288–1301



Epidemiology – causative organisms

Khurana et al. Prevalence, etiology, and antibiotic resistance profiles of bacterial bloodstream infections in a tertiary care hospital in Northern India: A 4-year study. J Lab Physicians 2018;10:426-31.



Epidemiology causative organisms

Organism Frequency (%)

Acinetobacter baumannii 10 (31.24)

Pseudomonas aeruginosa 6 (18.75)

Klebsiella pneumoniae 3 (9.37)

Staphylococcus aureus 3 (9.37)

Polymicrobial 3 (9.37)

Candida 2 (6.25)

E coli 1 (3.13)

Serratia 1 (3.13)

Acinetobacter beriziniae 1 (3.13)

Delftia acidovorans 1 (3.13)

Enterococcus faecium 1 (3.13)

Total 32 (100)



Epidemiology AMR data

Khurana et al. Prevalence, etiology, and antibiotic resistance profiles of bacterial bloodstream infections in a tertiary care hospital in Northern India: A 4-year study. J Lab Physicians 2018;10:426-31.



Epidemiology AMR data

Khurana et al. Prevalence, etiology, and antibiotic resistance profiles of bacterial bloodstream infections in a tertiary care hospital in Northern India: A 4-year study. J Lab Physicians 2018;10:426-31.



Risk factors for MDR gram negative bacteremia

• Hematopoietic stem cell transplant 

• Liver failure 

• Serum albumin <3 g/dL

• Solid organ transplant 

• Diabetes 

• Pulmonary disease 

• Chronic hemodialysis

• HIV infection 

• Treatment with glucocorticoids

• Receipt of prior antimicrobial therapy

• LOS prior to infection

Am J Med. 2002;112(3):204



Management principles

• Gram positive infections: Vancomycin is empirical therapy of choice

Mermel LA et al. Clin Infect Dis. 2009;49(1):1–45. doi:10.1086/599376



Management Principles



Does combination antimicrobial therapy reduce 
mortality in Gram-negative bacteraemia? A meta-

analysis
• 17 studies met the inclusion criteria, five prospective cohort studies, two 

prospective randomised trials, and ten retrospective cohort studies

• OR was 0·96 (95% CI 0·70–1·32), indicating no mortality benefit with combination

• Sub group analysis wrt year of study, study design and severity of illness – same 

results

• Pseudomonas aeruginosa bacteraemias showed a significant mortality benefit 

(OR 0·50, 95% CI 0·30–0·79)

Lancet Infect Dis 2004; 4: 519–27 



Does combination antimicrobial therapy reduce mortality 
in Gram-negative bacteraemia? A meta-analysis

Lancet Infect Dis 2004; 4: 519–27 



Does combination antimicrobial therapy reduce mortality 
in Gram-negative bacteraemia? A meta-analysis

BMJ. 2004 Mar 20;328(7441):668. Epub 2004 Mar 2.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Beta+lactam+monotherapy+versus+beta+lactam-aminoglycoside+combination+therapy+for+sepsis+in+immunocompetent+patients:+systematic+review+and+meta-analysis+of+randomised+trials.


BMJ. 2004 Mar 20;328(7441):668. Epub 2004 Mar 2.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Beta+lactam+monotherapy+versus+beta+lactam-aminoglycoside+combination+therapy+for+sepsis+in+immunocompetent+patients:+systematic+review+and+meta-analysis+of+randomised+trials.


BMJ. 2004 Mar 20;328(7441):668. Epub 2004 Mar 2.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Beta+lactam+monotherapy+versus+beta+lactam-aminoglycoside+combination+therapy+for+sepsis+in+immunocompetent+patients:+systematic+review+and+meta-analysis+of+randomised+trials.


CAUTI

• Growth of ≥103 cfu/mL of uropathogenic bacteria with symptoms or signs compatible with UTI 

without other identifiable source in patient with indwelling urethral, indwelling suprapubic, or 

intermittent catheterization

• Asymptomatic bacteriuria – No symptoms with culture positive ≥105 cfu/mL

• Incidence – Bacteriuria 3-10% per day of catheterisation

• 10-25% develop symptoms and may be most common HAI 

• 1.8% local data



CAUTI –risk

• Female sex

• Older age

• Diabetes

• Improper handling/ Inadequate care



Etiology

• E. coli — present in 24 percent of cases

• Candida spp (or yeast, not otherwise specified) — 24 percent

• Enterococcus spp — 14 percent

• P. aeruginosa — 10 percent

• Klebsiella — 10 percent

• Significant association with AMR. 35% resistant to FQ, 16% reistant to 
anti pseudomonal cephalosporins and 9.5% carbapenem resistant

Weiner et al. Infect Control Hosp Epidemiol 2016;37:1288–1301
Indian Journal of Anaesthesia | Vol. 58| Issue 1 | Jan-Feb 2014 



Epidemiology of pathogens and antimicrobial resistance of 
catheter-associated urinary tract infections in intensive care 

units: A systematic review and meta-analysis



Epidemiology of pathogens and antimicrobial resistance of 
catheter-associated urinary tract infections in intensive care 

units: A systematic review and meta-analysis

• CAUTI incidence per 1,000 catheter days 

• 4.40 (95% CI, 2.76-6.04) in the America

• 14.71 (95% CI, 3.98-25.45) in Southeast Asia

• 9.50 (95% CI, 8.15-10.86) in Europe, 

• 9.96 (95% CI, 2.73-17.20) in the Eastern Mediterranean, and 

• 7.18 (95% CI, 4.95- 9.42) in the Western Pacific 

• Total weighted CAUTI 7.78 (95% CI, 7.04-8.53)



Epidemiology of pathogens and antimicrobial resistance of 
catheter-associated urinary tract infections in intensive care 

units: A systematic review and meta-analysis



Epidemiology of pathogens and antimicrobial resistance of 
catheter-associated urinary tract infections in intensive care 

units: A systematic review and meta-analysis



In comparison to CDC NHSN

• Antimicrobial-resistant rates in this study were higher 

• Escherichia to fluoroquinolones (60.6% vs 34.8%)

• Acinetobacter to carbapenems (70.0% vs 64.0%) 

• Pseudomonas to fluoroquinolones (36.7% vs 32.6%)

• Enterococcus, Staphylococcus resistant to ciprofloxacin and gentamicin 

• Resistance of Enterococcus spp to vancomycin (3.4%) was lower than the 

values reported by the CDC’s NHSN

Weiner et al. Infect Control Hosp Epidemiol 2016;37:1288–1301



CAUTI RICU
PGI RICU Urine

Frequency (%)

Escherichia coli 22 (47.8)

Enterococcus faecium 10 (21.7)

Klebsiella pneumoniae 7 (15.2)

Acinetobacter baumannii 3 (6.5)

Pseudomonas aeruginosa 1 (2.2)

Others 3 (6.5)

Total 46 (100)

Drugs E Coli Klebsiella Pseudomonas Acinetobacter

Carbapenem 20-25 44-48% 25-35% 70-95%

FQ 90% 60% 20-30% 60-95%

Cephalosporin
s

30-40% 40-60% 11-25% 70-95%



Management: Principles

• No data on routine catheter changes 2-4 weekly to prevent CAUTI

• No role of screening/treating asymptomatic bacteriuria

• Urine culture to be obtained prior to initiation of empirical therapy

• If an indwelling catheter has been in place for >2 weeks at the onset of CAUTI and is still 

indicated, the catheter should be replaced to hasten resolution of symptoms 

• Seven days is the recommended duration for patients prompt resolution of symptoms and 10–14 

days of treatment with a delayed response

• 3 days sufficient if catheter has been removed, age < 65 and no upper urinary tract symptoms

Clinical Infectious Diseases 2010; 50:625–663



HAI and AMR data from RICU 
2002-03 & 2018-19



Organisms isolated 2006



Sensitivity pattern of organisms isolated 2006



Organisms causing HAIs in RICU 2018-19

Respiratory 
secretions

Blood culture Pleural fluid Skin and soft 
tissue infection

Frequency 
(%)

Frequency 
(%)

Frequency 
(%)

Frequency (%)

Acinetobacter baumannii 105 (43.4) 31 (19.1) 3 (20.0) 10 (27.0)

Pseudomonas aeruginosa 56 (23.1) 16 (9.9) 1 (6.7) 2 (5.4)

Klebsiella pneumoniae 39 (16.1) 17 (10.5) 3 (20.0) 7 (18.9)
Staphylococcus aureus 19 (7.9) 20 (12.3) 3 (20.0) 12 (32.4)
Other Staphylococcus
spp. (CONS)

- 38 (23.5) 1 (6.7)

Escherichia coli 7 (2.9) 15 (9.3) 1 (6.7) 4 (10.8)
Other Acinetobacter spp 4 (1.7) 1 (0.6) - -

Serratia marcenses 4 (1.7) 1 (0.6) - -
Burkholderia cephacia 2 (0.8) 4 (2.5) - -

Candida - 5 (3.1) - -
Enterococcus faecium - 5 (3.1) 2 (13.3) 1 (2.7)
Enterobacter cloacae 2 (0.8) - 1 (6.7) -
Others 4 (1.7) 9 (5.6) - 1 (2.7)
Total 242 (100) 162 (100) 15 (100) 37 (100)

Urine Genital tract Intrabdominal drain

Frequency (%) Frequency (%) Frequency (%)

Escherichia coli 22 (47.8) 4 (50.0) 2 (66.7)

Enterococcus faecium 10 (21.7) 2 (25.0) 1 (33.3)

Klebsiella pneumoniae 7 (15.2) 1 (12.5)

Acinetobacter

baumannii

3 (6.5) 1 (12.5)

Pseudomonas

aeruginosa

1 (2.2)

Others 3 (6.5)

Total 46 (100) 8 (100) 3 (100)



Sensitivity pattern of organism isolated 2018-19

• ACB (n = 153)
• MDR 93.46%

• XDR 3.9% 

• PDR 0.65%.

• Pan sensitivite 1.96%

Antibiotics Sensitive

(%)

Intermediate 

(%)

Resistant

No. (%)

Data not 

available

(%)

Ceftazidime 1 (0.7) 1 (0.7) 139 (90.8) 12 (7.84)

Cefepime 1 (0.7) 1 (0.7) 144 (94.11) 7 (4.57)

Cefoperazone+

Sulbactum

17 (11.1) 24 (15.7) 108 (70.58) 4 (2.61)

Piperacillin+

Tazobactum

3 (2.0) 1 (0.7) 147 (96.07) 2 (1.30)

Amikacin 7 (4.6) 2 (1.3) 65 (42.48) 79 (51.63)

Gentamicin 4 (2.6) 1 (0.7) 50 (32.7) 98 (64.1)

Ciprofloxacin 3 (2.0) 1 (0.7) 146 (95.42) 3 (1.96)

Levofloxacin 3 (2.0) 5 (3.3) 110 (71.89) 35 (22.87)

Imipenem 3 (2.0) 1 (0.7) 145 (94.77) 4 (2.61)

Meropenem 3 (2.0) 1 (0.7) 104 (67.97) 45 (29.41)

Colistin 134 (87.58) - 6 (3.9) 13 (8.49)

Minocycline 64 (41.8) 26 (17.0) 47 (30.7) 16 (10.5)

Tigecycline 56 (36.6) 12 (7.8) 18 (11.8) 67 (43.8)



Sensitivity pattern of organism isolated 2018-19

• Pseudomonas (n=76)
• MDR 26.3%

• XDR 1.31%

• Pansensitive 72.3%

Antibiotics Sensitive

(%)

Intermediate

(%)

Resistant

No. (%)

Data not 

available

(%)

Ceftazidime 53 (69.7) 4 (5.3) 17 (22.4) 2 (2.6)

Cefepime 32 (42.1) 6 (7.9) 14 (18.4) 24 (31.6)

Cefoperazone+

Sulbactum

34 (44.7) 4 (5.3) 9 (11.8) 29 (38.2)

Piperacillin+

Tazobactum

51 (67.1) 9 (11.8) 7 (9.2) 9 (11.8)

Amikacin 58 (76.3) 3 (3.9) 12 (15.8) 3 (3.9)

Gentamicin 39 (51.3) 1 (1.3) 8 (10.5) 28 (36.8)

Ciprofloxacin 50 (65.8) 1 (1.3) 20 (26.3) 5 (6.6)

Levofloxacin 44 (57.9) 4 (5.3) 17 (22.4) 11 (14.5)

Imipenem 51 (67.1) - 20 (26.3) 5 (6.6)

Meropenem 25 (32.9) 2 (2.6) 14 (18.4) 35 (46.1)

Colistin 29 (38.2) - 2 (2.6) 45 (59.2)

Tigecycline 3 (3.9) 1 (1.3) 18 (23.7) 54 (71.1)



Sensitivity pattern of organism isolated 2018-19

• Klebsiella (n= 74)
• MDR 64.86%

• PDR 5.41%

• Pansensitive 29.73%

Antibiotics Sensitive

(%)

Intermediate

(%)

Resistant

No. (%)

Data not available 

(%)

Cefotaxime 5 (6.8) 1 (1.4) 28 (37.8) 40 (54.1)

Ceftazidime 6 (8.1) 3 (4.1) 29 (39.2) 36 (48.6)

Cefepime 16 (21.9) 3 (4.1) 43 (58.1) 12 (16.2)

Cefoperazone+

Sulbactum

20 (27.0) - 46 (62.2) 8 (10.8)

Piperacillin+

Tazobactum

21 (28.4) 1 (1.4) 52 (70.3) -

Amikacin 28 (37.8) 1 (1.4) 39 (52.7) 6 (8.1)

Gentamicin 6 (8.1) 5 (6.8) 6 (8.1) 57 (77)

Ciprofloxacin 16 (21.6) 9 (12.2) 44 (59.5) 5 (6.8)

Imipenem 27 (36.5) 9 (12.2) 36 (48.6) 2 (2.7)

Meropenem 15 (20.3) - 33 (44.6) 26 (35.1)

Ertapenem 14 (18.9) 1 (1.4) 14 (18.9) 45 (60.8)

Colistin 43 (58.1) 1 (1.4) 4 (5.4) 26 (35.1)

Minocycline 8 (10.8) 3 (4.1) 17 (23.0) 46 (62.2)

Tigecycline 19 (25.7) 2 (2.7) 1 (1.4) 52 (70.3)



Sensitivity pattern of organism isolated 2018-19

• E. coli (n=55)
• MDR 69.09%

• PDR 2%

• Pan-sensitive 29%

Antibiotics Sensitive

(%)

Intermediate

(%)

Resistant

No. (%)

Data not 

available (%)

Cefotaxime 1 (1.8) - 22 (40.0) 32 (58.2)

Ceftazidime 1 (1.8) 1 (1.8) 16 (29.09) 37 (67.27)

Cefepime 6 (10.9) - 24 (43.64) 25 (45.45)

Cefoperazone+

Sulbactum

18 (32.7) 9 (16.4) 19 (34.5) 9 (16.4)

Piperacillin+

Tazobactum

14 (25.5) 6 (10.9) 28 (50.90) 7 (12.72)

Amikacin 41 (74.54) - 10 (18.2) 4 (7.27)

Gentamicin 11 (20.0) - 13 (23.6) 31 (56.4)

Ciprofloxacin 2 (3.6) - 49 (89.09) 4 (7.27)

Nalidixic acid 1 (1.9) - 20 (37.0) 33 (61.1)

Imipenem 31 (56.4) 4 (7.3) 14 (25.5) 6(10.9)

Meropenem 18 (32.7) - 11 (20.0) 26 (47.3)

Ertapenem 23 (41.8) 1 (1.8) 7 (12.7) 24 (43.6)

Cotrimoxazole 1 (1.8) - 20 (36.4) 34 (61.8)

Colistin 27 (49.1) - 2 (3.6) 26 (47.3)

Tigecycline 14 (25.5) - - 41 (74.5)

Nitrofurantoin 11 (20.0) 4 (7.3) 5 (9.1) 35 (63.6)



Sensitivity pattern of organisms isolated 2018-19

• Staph aureus (n=54)
• MRSA 70%

• MDR 81.48%

Antibiotics Sensitive

(%)

Intermediate

(%)

Resistant

No. (%)

Data not available

(%)

Oxacillin 16 (29.6) - 38 (70.4) -

Ciprofloxacin 3 (5.6) - 48 (88.9) 3 (5.6)

Erythromycin 7 (13.0) 1 (1.9) 44 (81.5) 2 (3.7)

Clindamycin 13 (24.1) - 40 (74.1) 1 (1.9)

Vancomycin 52 (96.3) - - 2 (3.7)

Teicoplanin 53 (98.1) - - 1 (1.9)

Linezolid 21 (38.9) 2 (3.7) - 31 (57.4)



Risks associated with HAIs

• Intervention
• Intubation
• Intubation with sub-glottic tube
• Re-intubation
• Invasive lines

• Patient related factors
• CKD, RRT
• Post Op
• Prior hospital stay, prior antibiotic 

use
• Immunosuppression

• Medication
• Paralysis/sedation
• Steroid use

• Multivariate analysis
• Higher days of hospitalization 

prior to ICU 
• Endotracheal intubation
• Use of invasive lines
• Longer antibiotics use days
• Longer LOS
• Immunosuppressed state



MDR HAIs associated with 
increased mortality?



• Among 8,969 patients with HAP/VAP, 1,059 isolates (11.8%) were carbapenem

resistant

• carbapenem resistance had higher comorbidity burden

• Pseudomonas aeruginosa was the most common

• No significant mortality difference among those with CR vs those with CS

• Increased LOS and excess cost – statistically significant



Pneumonia caused by extensive drugresistant
Acinetobacter baumannii among hospitalized patients: 

risk factors and mortality

Li et al. BMC Infectious Diseases (2017) 17:371 
Mortality 42.8% vs 35.7%(P 0.58)   



Multi-drug resistant organism infections in a medical ICU: 
Association to clinical features and impact upon outcome

• Retrospective case–control study

• MDR HAI vs Non MDR HAI 

• 127 patients – 177 controls

• MRSA>Pseudomonas>Kp>ACB

• Risks a/w MDR: 
• Infection and cardiac disease as a cause of admission 
• LOS in ward/ICU days on the ventilator
• Days with a central venous catheter, tracheostomy
• Prior hospitalization, prior antibiotic use
• Use of vasopressors
• Past history of surgery 
• White blood cell count >10,000/mm3 on admission

Med Intensiva. 2018 May;42(4):225-234

https://www.ncbi.nlm.nih.gov/pubmed/29033075


Multi-drug resistant organism infections in a medical ICU: 
Association to clinical features and impact upon outcome

• Appropriate empiric antibiotic therapy in 82.6% in  MDR grp

• No statistically significant difference in 28-day ICU mortality rate was 

observed between MDR positive and MDR negative patients (20% vs 

12.4%, p=0.07).

Med Intensiva. 2018 May;42(4):225-234

https://www.ncbi.nlm.nih.gov/pubmed/29033075


MDR HAIs associated with increased mortality?

Risk Factors Affecting Patterns of Antibiotic Resistance and Treatment Efficacy in Extreme Drug Resistance in Intensive Care Unit-Acquired Klebsiella Pneumoniae Infections: A 5-Year Analysis
Med Sci Monit. 2019; 25: 174–183.



Risk Factors Affecting Patterns of Antibiotic Resistance 
and Treatment Efficacy in Extreme Drug Resistance in 

Intensive Care Unit

• 208 KP-HAI patients 

• 64.9% pneumonia, 21.2% CLABSI, 4.8% BSI, 3.8% UTI and 6.3% other infections (skin soft tissue 

and surgical site infections)

• Least resistance Tigecycline (29.6%) > Colistin (42.7%) > Septran (42.5%) > Carbapenem (56.3%)

• Risks of MDR/XDR – Prior use of Carbapenems, CLABSI, secondary BSI COPD, Hospitalised for 

pneumonia

• Survival analysis and analysis based on antibiotic combinations used

Risk Factors Affecting Patterns of Antibiotic Resistance and Treatment Efficacy in Extreme Drug Resistance in Intensive Care Unit-Acquired Klebsiella Pneumoniae Infections: A 5-Year Analysis
Med Sci Monit. 2019; 25: 174–183.



Survival time of non-MDR, MDR, and XDR-PDR groups were 
69.5±12.3, 48.4±6.4, and 31.5±5.7 days, respectively



• Combination of double antibiotics was the most-prescribed treatment 
(55.0%)



Resistance mechanisms



MRSA

• Methicillin resistance requires the presence of the mec gene; strains 

lacking a mec gene are not methicillin resistant

• mecA gene codes for an altered PBP namely PBP2a

• PBP2a has a low affinity for β-lactam antibiotics including methicillin

• Staphylococcal chromosomal casette — The SCCmec cassette is a 

mobile genetic element that contains the mec gene and is found 

in Staphylococcal species



Spread of MRSA

• Spread of existing resistant clones

• Acquisition of SCCmec by a methicillin-sensitive S. aureus (MSSA) 

• Enzymatic degradation -β-lactamases (penicillin)

• MsrA efflux pump – macrolide resistance

• SCCmec has resulted in Coagulase negative staph acquiring 

methicillin resistance



Types of MRSA

CA-MRSA HA-MRSA LA-MRSA

Skin and soft tissue infections,
pneumonia

Post-op wound infections, 
osteomyelitis, pneumonia

Wound infections, pneumonia

PVL + several other exotoxins
Virulent 

absent absent

Less drug resistant MDR Drug resistance is more than CA-
MRSA

High rate of infection High rate of colonisation -



MDR Gram Negative bacteria

• Commonly associated with HAI in India

• Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aeruginosa, 

Escherichia coli are the common organisms

• Carbapenem resistance and colistin resistance are the major problems



Resistance mechanisms

C. Mutations in PhoPQ
D. mcr genes 1-8 ( plasmid mediated-
dangerous )
E. Mutations in mgrB- K. pneumoniae

MDR-GNB





Carbapenemases

• The carbapenem-hydrolyzing beta-lactamase is an important emerging 

mechanism of antimicrobial resistance among nosocomial gram-negative 

pathogens

• Based on amino acid homology Class A,B,C,D

• Transmission of these genes occur frequently in hospital settings both 

chromosomally mediated and plasmid mediated

• Many genes NDM 1 (Class  B) and KPC (class A) are found in bacteria in hospital 

environment in North India and have associated with outbreaks

• Currently phenotyping testing is only routinely available



Carbapenemases

• Genotypic testing may be warranted in future as new beta lactam 

beta lactamase inhibitors enter pipeline

• Metalobeta lactamase – Aztreonam

• KPC (Class A) – Ceftazidime avibactam (KPC is not common in India, 

we have NDM)



Mechanisms of resistance to ColistinColistin
resistance

Intrinsic

Lipid A 
modifications

Acquired

(gene)

mcr-1 or mcr-2

(Plasmid)

Acquired

(Chromosomal)

Mutations in 
PmrAB and PmrC
in Acenetobacter

PmrAB and 
PhoPQ and mgrB

in klebsiella



Prevention of AMR in HAI





Intravascular catheter care



VAP bundle

Use non-invasive positive pressure ventilation in selected populations

Manage patients without sedation whenever possible

Interrupt sedation daily

Assess readiness to extubate daily

Perform spontaneous breathing trials with sedatives turned off

Facilitate early mobility

Utilize endotracheal tubes with subglottic secretion drainage ports for patients expected 
to require greater than 48 or 72 hours of mechanical ventilation

Change the ventilator circuit only if visibly soiled or malfunctioning

Elevate the head of the bed to 30 to 45°

Oral decontamination with CHG



Principles of optimal antimicrobial use

• Initiation of appropriate empirical therapy

• Tailoring therapy once culture reports available

• Shortest effective duration of exposure

• Conversion to oral antibiotics as soon as possible

• Pharmacokinetic monitoring 



Stewardship programme

• Antimicrobial stewardship -systematic measurement and coordinated interventions designed to 

promote optimal use of antimicrobial agents, by advocating selection of appropriate antimicrobial drug 

regimens (including dosing, duration of therapy, and route of administration)

• Antibiotic oversight

• Prospective audit and feedback vs Preauthorisation

• Establishing facility specific antibiotic protocols

• Point of care interventions

• PK monitoring

• Dose adjustments

• Allergy assessments

• Establish and renew antibiograms



Stewardship programme



Summary

• 4 HAI syndromes with pneumonia and blood stream infections majority

• MDR gram negative bugs Acinetobacter > Pseudomonas commonest 

pathogens

• Initial empirical antimicrobial of choice should remain colistin/polymyxin

• Vancomycin/Linezolid in certain subgroups 

• Preventive measures to tackle AMR go beyond the boundaries of ICU and 

include surveillance, stewardship and awareness 


