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Aim of Study: Respiratory infections account for significant morbidity, mortality and expenses to patients getting admitted to ICU. Antibiotic
resistance is a major worldwide concern in ICU, including India. It is important to know the antibiotic prescribing pattern in ICU, organisms
and its resistance pattern as there is sparse data on Indian ICUs. Materials and Methods: We conducted a prospective study from August
2015 to February 2016. All patients getting admitted to RICU with respiratory infection who were treated with antibiotics were included
into study. Demographic details, comorbidities, Clinco-pathological score (CPI) on dayl and 2 of admission, duration of ICU admission,
number of antibiotics used, antibiotic prescription, antimicrobial resistance pattern of patients were collected using APRISE questionnaire.
Results: During study period 352 patients were screened and 303 patients were included into study. Mean age was 56.05+16.37 and 190
(62.70%) were men. Most common diagnosis was Pneumonia (66%). Piperacillin-tazobactam was most common empirical antibiotic used.
We found 60% resistance to piperacillin-tazobactam. Acinetobacter baumanii was the most common organism isolated (29.2%) and was
highly resistant to Carbapenem (60%). Klebsiella pneumoniae was resistant to Amikacin (45%), piperacillin (55%) and Ceftazidime (50%).
Conclusion: Piperacillin-tazobactam was the most common antibiotic prescribed to patients with respiratory infection admitted to ICU. More
than half of patients (60%) had resistance to the empirical antibiotic used in our ICU, highlighting the need for antibiogram for each ICU. Thirty
six percent of patient had prior antibiotic use and had mainly gram negative organisms with high resistance to commonly used antibiotics.
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INTRODUCTION stewardship programs in most ICUs.B! Antimicrobial resistance
results in increased economic burden on patients due to the
higher cost of antibiotics, prolonged ICU stay, and increased
mortality.>*! Prescribing appropriate antibiotics for the right
duration is very important to prevent drug resistance. Local
knowledge regarding the most common organisms and their
resistance pattern in various infections will greatly assist

Respiratory infections account for significant morbidity,
mortality, and healthcare-related expenditure in patients
admitted to the Intensive Care Unit (ICU). Respiratory
infections account for 3.5 million deaths worldwide and
79 million loss of disability-adjusted life-years.!'! Antibiotics
form the main stay of treatment of various respiratory
infections which are often initiated empirically based on their
previous experiences, hence, leading to the inappropriate use Address for correspondence: Prof. Mahesh PA,
of antibiotics and antimicrobial resistance.l”! Resistance to AU 1 Gallsh o el [Otllee, ot Dreiay

T ’ R Mysore, Karnataka, India.
antibiotics has emerged recently due to misuse of antibiotics E-mail: mahesh1971in@yahoo.com
and is a threat to health-care system, especially in developing
countries like India where there are no antimicrobial
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clinicians in choosing appropriate initial antibiotic therapy.[”
Hence, it is important to know the antibiotic prescribing pattern
and resistance patterns as there is sparse data on Indian ICUs.

MEeTHODOLOGY
Study design

We conducted a prospective, observational study in the
Department of Pulmonary Medicine in an 1800 bedded tertiary
care University Medical College Hospital from August 2015
to February 2016. The study was part of an Indian multicentric
study “Antibiotic Prescribing practices and prevalence of
antibiotic resistance in various ICUs across multiple centers
in India.” (APRISE Study). All patients admitted to respiratory
ICU (RICU) (10 bedded, open ICU) with respiratory infection
who had been treated with antibiotics for more than 3 days and
patients in whom adequate respiratory specimen was obtained
were included in the study after obtaining informed consent.
Data, on demographic variables such as name, age, gender,
diagnosis, and reason for ICU admission, were recorded.
Other variables such as the presence of comorbidities such as
diabetes, ischemic heart disease (IHD), chronic obstructive
pulmonary disease (COPD), asthma, and hypertension were
noted. Clinicopathological Indicator score (CPI score) was
obtained on day 1 and day 2. The previous history of antibiotic
usage, duration of ICU admission, antibiotics used and their
duration, organisms isolated, antimicrobial resistance pattern,
and outcome of patients were collected. Exclusion criteria
were patients who were HIV positive, who could not provide
adequate respiratory specimen, patients who were not on
antibiotics or received antibiotics for <3 days, and patients
who died within 48 h after admission.

Sputum collection

In conscious patients who were able to expectorate, a single
sputum sample was obtained within 24 h of admission to ICU
in a sterile wide mouthed container. A sample was considered
adequate if the quantity was 15 ml and was mucopurulent on
visual examination. Sputum samples were graded following
the criteria of Lentino and Lucks.®! A portion of the sputum
with most purulent or clotted part of sputum was chosen
in case of nonpurulent sputum for culture. Blood agar and
MacConkey agar were used for quantitative cultures and >10°
CFU/ml on quantitative culture was considered pathological.
Anaerobic cultures were not done in any of these patients.

In patients who could not expectorate or sample provided
was inadequate, induced sputum was used. Sample was
considered adequate if it was >5 ml and appeared turbid on
visual examination. For patients who were obtunded or had
weak cough, tracheal aspirate was obtained.

Endotracheal aspirate

In patients who were in respiratory failure and needed
immediate mechanical ventilation, endotracheal secretions
were collected within 24 h of ventilation. Samples were
processed similar to sputum specimen. A quantitative
culture >10° CFU/ml was considered pathological.

Bronchoalveolar lavage

Bronchoscopy and bronchoalveolar lavage (BAL) were done in
selected patients in whom there was suspicion of malignancy
and in whom microbiologic diagnosis was not established.
BAL was performed as per ATS guidelines.”” BAL was
collected from affected bronchopulmonary segment and in
patients with diffuse lung involvement, BAL was taken from
the right middle lobe or lingula.”? BAL samples were processed
similar to sputum samples. BAL samples were considered
satisfactory if there were ciliated cells, alveolar macrophages,
and <5% squamous epithelial cells.['” BAL quantitative
culture >10* CFU/ml was considered pathological.!'"!

Blood culture
Blood culture was done in patients with suspected bacteremia
and sepsis.

We defined sepsis as life-threatening organ dysfunction with
increase of two points or more in sequential organ function
assessment score.['”

We defined prior antibiotic use as “usage of antibiotics within
1 year before current admission”. Details of previous antibiotic
usage were collected from the patients and from their hospital
records.

The Institutional Ethics Committee approved the study IEC
no-JSS/MC/IEC/05/5238/2015-16. Informed consent from
patient/patient’s legally authorized representative was taken
before inclusion in the study.

Statistical analysis

Descriptive data are presented as frequencies (percentages)
for discrete variables and as means (standard deviations) or
medians (interquartile ranges) for continuous variables. All
statistical tests were two-tailed, and factors were considered
statistically significant at P < 0.05. IBM SPSS Statistics for

[ TOTAL PATIENTS SCREENED ]
352

Excluded- 49
HIV positive-5
Duration of antibiotics <3 days- 20
Death <48 hours- 12
No/lnadequate respiratory sample-12

Final Inclusion
303

Males
190(62.70%)

Females
113(37.2%)

Death
54 (17.8%)

Survived

249(82.17%)

Figure 1: Flowchart depicting number of patients screened, included in
the study and number of survival and deaths
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Windows, Version 22.0. Armonk, NY: IBM Corp. and CDC
Epi Info version 7 software were used for the analysis.

ResuLts

During the study period, we screened 352 patients admitted to
RICU and 49 patients were excluded from the study [Figure 1],
Three hundred and three patients satisfied inclusion and
exclusion criteria and were included in the study. Mean age
of our study population was 56.05 + 16.37 and 190 (62.70%)
were men. The most common diagnosis was pneumonia
(66% [200/303]) followed by acute exacerbation of COPD
(43.5% [132/303]), pleural infections (12.5% [38/303]),
bronchiectasis (4.6% [14/303]), Interstitial lung disease (ILD)
(4.29% [13/303]), and TB (2.6% [8/303]). Most common
reason for shifting to ICU was respiratory distress. COPD was
the most common comorbidity 48%, followed by diabetes 33%,
hypertension 28.38%, IHD 5.2%, and asthma 3.9%.

Penicillin group of antibiotics were the most commonly used
antibiotic (53.13%), followed by lincosamide (36.96%),
cephalosporins (29.70%), Carbapenems (24.75%), Macrolides
(23.43%), polymyxin (17.4%) and quinolones (12.2%). Among
the penicillin group of antibiotics, piperacillin-tazobactam was
the most commonly used. Mean duration of antibiotics usage
was 5.88 + 3.39 days. Seventy-eight percent of patients were
given combination of two or more antibiotics at admission.
The causative organisms were isolated in 46.2% (140/303)
of patients. Isolation rates were different for different
biologic specimens; blood culture (5/40; 12.5%), sputum
culture (47/152; 30.92%), tracheal aspirate (62/120; 51.6%),
throat swab (19/75; 25.3%), pleural fluid (13/35; 37.14%),
and BAL (6/8; 75%). Acinetobacter baumannii was the
most common organism isolated (41/140), followed by
Klebsiella (20/140), Streptococcus pneumonia (20/140),
HIN1 (19/140), Pseudomonas aeruginosa (15/140),
and Staphylococcus aureus (10/140). Other organisms
isolated were tuberculosis (7/140), Stenotrophomonas
maltophilia (3/140), Peptostreptococcus (3/140), Serratia
Fonticola (1/140), Burkholderia cepacia (1/140),
Staphylococcus haemolyticus (1/140), Staphylococcus
hominis (1/140), and Candida tropicalis (1/140). Most
common organisms isolated in patients with pneumonia were
Acinetobacter (29/200), followed by Klebsiella (17/200) and
Streptococcus (15/200) [Figure 2a). Acinetobacter (15/132)
was the most common organism isolated in patients with COPD
followed by Klebsiella (9/132) and Streptococcus (9/132)
[Figure 2b]. Acinetobacter (5/38) followed by S. aureus (3/38)
were the most common organisms isolated in patients with
Empyema [Figure 2c].

One hundred and ten patients had used antibiotics previously.
In patients with prior antibiotic use, we found a higher
proportion of Gram-negative organisms (78.4% vs 50%). The
most common organism isolated was Acinetobacter (21.5%)
followed by Klebsiella (17.6%), Pseudomonas (13.7%),
and Streptococcus (11.7%). Acinetobacter was found to be
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Figure 2: (a) Common organisms isolated and their resistance pattern of
organisms isolated in patients with pneumonia. (b) Common organisms
isolated and their resistance pattern of organisms isolated in patients with
COPD. (c) Common organisms isolated and their resistance pattern of
organisms isolated in patients with empyema

highly resistant to most of the antibiotics except Colistin
(100% sensitivity). We found higher resistance of Klebsiella
isolated from patients who had prior antibiotic usage, to
amikacin, ceftazidime, piperacillin-tazobactam, imipenem,
azithromycin, and cefoperazone compared to patients with no
prior antibiotic usage. However, there was lower resistance to
levofloxacin in patients with prior antibiotics [Figure 3a and b].
Patients with underlying lung disease (COPD, bronchiectasis,
ILD, and asthma) had a higher proportion of Gram-negative
infections compared to patients with underlying normal
lung [Figure 4]. Two hundred and ten patients needed
mechanical ventilation. Ventilator-associated pneumonia (VAP)
was observed in 17.5% of patients. A. baumannii (52.1%) was
the most common organism isolated in patients with VAP. Mean
duration of hospital stay was 6.29 + 3.86 days. Mortality rate of
patients on a ventilator was higher at 22% compared to overall
mortality rate which was 17.8% (54/303).
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Penicillin group of antibiotics were most commonly used
for the treatment of pneumonia, followed by lincosamide
and macrolide group of antibiotics. For treatment of pleural
infections, such as empyema and lincosamide groups
were most commonly used followed by penicillins. In
patients with COPD with exacerbation and bronchiectasis,
penicillin group followed by cephalosporin antibiotics
were most commonly used [Figure 5]. Single antibiotic
was used in 65 patients; poly antimicrobials were given
in 216 patients (2 antibiotics-126, 3 antibiotics-81, 4
antibiotics-4, and 5 antibiotics-5 patients). Antibiotic
resistance pattern is depicted in Tables 1 and 2. In patients
where piperacillin-tazobactam was used empirically, 60%
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Figure 3: (2) Common organisms isolated and their antibiotic resistance
in patients with prior antibiotic use. (b) Common organisms isolated and
their antibiotic resistance in patients with no prior antibiotic use
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of cases, isolated organism was found to be resistant to it.
In 34% of all patients, the empirical antibiotic was found
to be sensitive. Subgroup analysis revealed resistance to
Piperacillin-Tazobactam was higher in patients with a history
of prior antibiotic use [Figure 6]. However, we did not find
any difference in mortality rates among patients with and
without prior antibiotic use (p-0.87).

Table 1: Drug sensitivity pattern among patients with
respiratory infection admitted to Intensive Care Unit

Antibiotics Sensitive, n (%) Resistant, n (%)
Amoxycillin 10 (8.3) 110 (91.6)
Amikacin 35(29.1) 85(70.8)
Ceftazidime 35(29.1) 85(70.8)
Cefoperazone 30 (25) 90 (75)
Levofloxacin 39 (32.5) 81 (67.5)
Carbapenem 80 (66.6) 40 (33.3)
Piperacillin-Tazobactam 48 (40) 72 (60)
Methicillin 21 (17.5) 99 (82.5)
Linezolid 27 (22.5) 93 (77.5)
Azithromycin 19 (15.8) 101 (84.1)
Cotrimoxazole 30 (25) 90 (75)
Tigecycline 96 (80) 24 (20)
Colistin 110 (91.6) 10 (8.3)
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Figure 4: Common organisms and their resistance pattern in patients with
normal lung, underlying diseased lung, and ventilator-associated pneumonia
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Figure 5: Antibiotic prescription pattern to patients admitted to respiratory
Intensive Care Unit with respiratory infection

Figure 6: Comparison of proportion of resistance to Piperacillin-tazobactum
in relation to prior antibiotic use
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Table 2: Sensitivity to specific antibiotics in isolates from the Intensive Care Unit with respiratory infection

Sensitive antibiotics K. pneumoniae P. aeruginosa S. aureus A. baumannii S. pneumoniae
(n=20) (n=15) (n=10) (n=41) (n=20)

Amoxicillin 0 0 0 0 10
Amikacin 11 10 6 3 5
Ceftazidime 10 10 0 0 15
Cefoperazone 3 3 1 2 15
Levofloxacin 6 1 2 18
Carbapenem 15 14 8 16 19
Piperacillin-tazobactam 9 9 5 0 18
Clindamycin 2 4 2 0 5
Methicillin 0 0 5 0 15
Linezolid 0 0 9 0 14
Azithromycin 2 1 1 0 14
Cotrimoxazole 6 3 2 4 11
Tigecycline 16 12 4 39 15
Colistin 19 15 6 40 18

S. aureus: Staphylococcus aureus; K. pneumoniae: Klebsiella pneumoniae; E. coli: Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa;
S. pneumoniae: Streptococcus pneumoniae;, A. baumannii: Acinetobacter baumannii

Discussion

Respiratory infections cause significant morbidity and mortality
in patients admitted to the ICU worldwide. Admission to ICU
has immense economic burden on the patient of which cost for
antibiotics forms a major component.”*) Nosocomial infections
are very common in patients admitted to ICU. Inappropriate
use of antibiotics has led to antimicrobial resistance further
increasing the health-care cost and increased mortality.
Worldwide incidence rate of antibiotic-resistant pathogen in
ICU is 23.7 infection per 1000 patient days.®

We found in our study, 4. baumannii was the most common
organism isolated in patients with respiratory infection
admitted to ICU and piperacillin-tazobactam was the most
common empirical antibiotic used in our ICU. We observed
around 60% of organisms isolated had resistance to empirical
antibiotic piperacillin-tazobactam. Another important
observation was patients with prior antibiotic use had higher
proportion of infection with Gram-negative organisms and
had higher resistance to organisms compared to those with
no prior antibiotic use. Causative organisms vary in different
geographical areas and antibiotic prescribing patterns.
Studies done in US during period between 1992 and 1997
found Pseudomonas (12.4%-21%) to be most common
organism isolated in ICU with respiratory infections followed
by S. aureus (12.3%)!"*13) However, a recent study (2015)
showed S. aureus (17%) to be most common organism.['!] A
number of studies from Asian countries such as Indonesia,
Thailand found Pseudomonas (26%—-50%) to be most
common organism in ICU followed by Klebsiella (15.3%)
and Staphylococcus epidermidis (14.9%).1'7181 In
contrast to Western studies, recent Indian studies from
Chandigarh (34.8.7%), Puducherry (41.8%), and Jaipur (21%)
found Acinetobacter as the most common organism followed
by Pseudomonas (14%—24%), Klebsiella (19.7%), and
Escherichia coli (15%—18%).["2!! This is similar to our

findings. Rate of Acinetobacter infection differs across various
countries with highest rate in Asia (19.2%) followed by Eastern
Europe (17.1%), Africa (14.8%), South America (13.8%), and
least in North America (3.7%).%* The possible explanation
for high prevalence of resistant Acinetobacter species in
developing countries could be due to noncompliance in
infection control regulations, inadequate hand hygiene, and
lack of or noncompliance with antimicrobial policy. Most
common organisms isolated among patients with respiratory
infection worldwide in ICUs are depicted in Table 3.

Antibiotic resistance is a major worldwide concern in ICU,
including India. ICUs are the major foci of antimicrobial
resistance within the hospital.[?>?*1 Antibiotic resistance
is driven due to lack of hospital hygiene and overuse of
antibiotics which leads to selection pressure on organisms.?!
Antibiotic prescription in an ICU is largely empirical and
based on past experiences; hence, patients who receive
inappropriate empirical antibiotic therapy substantially
increases hospital stay and increases mortality.”) Nosocomial
infections resulting from drug-resistant pathogens further
add to the existing problem. The most common organism
isolated in our study, Acinetobacter was highly resistant to
Carbapenem (60%) and was higher compared to a North
Indian study (25.6%).12° A possible reason was the empirical
use of Carbapenem as the first choice in our ICU while it was
the last choice in their study. The study was done 8 years
ago when carbapenems was reserved as a last choice. This
further emphasizes the need for judicious use of antibiotics
in ICU, preferably based on the local antibiogram. Recent
studies in India have shown high prevalence of multidrug
resistance Gram-negative infections (40%—70%) including
Acinetobacter which may necessitate earlier use of higher
antibiotics empirically, especially in an ICU setting.
(27300 We observed lower drug resistance of Klebsiella to
amikacin (45%), piperacillin (55%), and ceftazidime (50%)
compared to a study done by Kumari et al.,*"! who observed
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Table 3: Most common organsims isolated among patients with respiratory infection across the world in Intensive Care

Units

Country/setting Author Year/number of Most common Conclusions
patients/type of organism
population

USA/general ICU Richard et al. 1999/6740/Nosocomial Pseudomonas (21%) Pneumonia contributed to majority of
pneumonia S. aureus (20%) nosocomial infections

USA/general ICU Jarvis et al. 1992/lower respiratory Pseudomonas Pseudomonas, S. aureus and E. coli remain
tract infection S. aureus important pathogens in ICUs

Enterococcus
Asian
Indonesia/general ICU Radji et al. 2011/722/all patients on Pseudomonas (26.5%) Drug-resistant pathogens are emerging, and

antibiotics

Mannan et al. 2015/210/patients with

respiratory infection

Bangladesh-Dhaka/general
ICU

Indian
Mahendra et al. 2015/303/patients with

respiratory infection

Our study/respiratory ICU

Ghanshani ez al.  2015/487/patients with

respiratory infection

Jaipur/general ICU

Chandhigarh/respiratory Agarwal et al. 2006/201/patients with

ICU respiratory infection

Varanasi/general ICU Singh et al. 2002/102/hospital
acquired pneumonia

Haryana/general ICU Goel et al. 2009/207/VAP patients

regular antibiotic surveillance is necessary
to guide clinicians in choosing empirical
antibiotics

K. pneumoniae (15.3%)
S. epidermidis (14.9%)

Acinetobacter (24%)

S. aureus (20.6%)

K. pneumoniae (19.3%)
Pseudomonas (19.3%)
E. coli (14%)

High rate of resistance to cephalosporins,
beta-lactamase inhibitors, and quinolones

A. Baumannii (29.2%)
K. pneumoniae (14.2%)
S. pneumoniae (14.2%)

High rates of gram-negative infection with
antibiotic resistance

P. aeruginosa (10.7%)
S. aureus (7.1%)
Acinetobacter (20.9%)
K. pneumoniae (19.7%)
E. coli (18.3%)
Pseudomonas (14%)
Acinetobacter (34.8%)
Pseudomonas (23.9%)
E. coli (15.2%)

K. pneumoniae

High rates of gram-negative infection with
high antibiotic resistance

High prevalence of resistant infections with
prolonged ICU stay but had no significant
effect on outcome

The poor antibiotic policy has resulted in

Proteus drug-resistant organisms

E. coli

S. aureus

Acinetobacter

Pseudomonas (35%) High rate of resistance to cephalosporins

Acinetobacter (23.6%) and beta-lactamase inhibitor group of drugs

K. pneumoniae (13.6%)

S. aureus: Staphylococcus aureus; K. pneumoniae: Klebsiella pneumoniae; S. epidermidis: Staphylococcus epidermidis; E. coli: Escherichia coli,
P. aeruginosa: Pseudomonas aeruginosa; S. pneumoniae: Streptococcus pneumoniae; A. Baumannii: Acinetobacter Baumannii; ICU: Intensive Care Units

higher levels at 50%, 91%, and 90%, respectively. An
Indonesian study by Radji et al.l'” observed lower resistance
of Pseudomonas to amikacin (16%) but higher resistance
to ceftazidime (42%) compared to our study. A noteworthy
observation that can be done from above studies is that
different centers have varying pattern of resistance among
different organisms, thus substantiating the need for
antibiogram in each ICU. It is alarming to note that compared
to early 2000s, there is a shift in most common organisms
isolated from respiratory specimen from Klebsiella and
Pseudomonas to Acinetobacter. Acinetobacter is highly
resistant to antibiotics,'*2"26321 and antibiotic resistance has
also significantly increased compared to previous decade in

India.?%3!33] Antibiotic resistance pattern to specific organisms
among different ICUs in India are summarized in Table 4.

Choosing appropriate empirical antibiotic plays an important
role in reducing mortality of patients admitted to ICU.
Although Indian guidelines by ICMR recommend beta-lactam
plus beta lactam inhibitor (e.g., piperacillin-tazobactam) for
empirical treatment of Gram-negative infections,? we found
very high resistance to piperacillin-tazobactam (76.3%)
among Gram-negative organisms. Our study highlights the
importance of having an antibiogram for each ICU that helps
the clinician to understand local susceptibility patterns and
help them to make an informed decision about the initial
empirical antibiotic.

228 Indian Journal of Critical Care Medicine | Volume 22 | Issue 4 | April 2018

Page no. 30



Mahendra, et al.: APRISE Study, Mysuru, India

Table 4: Antibiotic resistance pattern to specific organisms among different Intensive Care Units in India

Author/year/place Antibiotic K. pneumoniae  Pseudomonas  Acinetobacter  S. aureus E. coli
Goel et al./2009/Haryana Amikacin 63.6 61.4% 87.2

Ceftazidime 96.9 68.4% 100

Carbapenem 9.1% 22.8% 25.6

Amoxycillin-clavulanate 100% 97.4

Doxycycline 2.6
Veenakumari et al./2007/ Amikacin 53 100
Bengaluru Ceftazidime 60 95.4

Carbapenem -

PiperacillinDoxycycline 52 97.7
Navneeth et al./2002/Bengaluru Amikacin 23.1

Ceftazidime -

Carbapenem -

Piperacillin 65.2 40

Amoxycillin Clavulanate 79

S. aureus: Staphylococcus aureus; K. pneumoniae: Klebsiella pneumoniae; E. coli: Escherichia coli

There are some limitations in this study. First, it is done in a
single ICU and hence cannot be generalized to other treatment
settings. Anaerobic cultures were not performed in any of the
patients. Modified CPI score system, which we have used,
needs further validation in larger studies.

ConcLusIioN

Piperacillin-tazobactam was the most common empirical
antibiotic prescribed to patients with respiratory infection
admitted to ICU. More than half of the patients (60%)
had resistance to the empirical antibiotic used in our ICU,
highlighting the need for antibiogram for each ICU. More
than one-third of the patients had prior antibiotic use in the last
year and had mainly Gram-negative organisms isolated from
their respiratory secretions, with high degree of resistance to
commonly used antibiotics.
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