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Background: Hospital Acquired infections are now frequently recognised as a threat to
treatment failure in intensive care units. More than 70% of critically sick patients receive an
antibiotic during their stay in the 1CU, either for prophylaxis or for treatment. Injudicious use
of broad-spectrum antimicrobial agents has led to the emergence of multi drug resistant
organisms (MDROs), which can cause addition of more antibiotic resistance organism to
Hospital Flora. Objectives: The objective of this study was to know the antimicrobial
resistance pattern of the pathogens isolated from patients with HCAIs, including
identification of Methicillin resistant Staphylococcus aureus (MRSA) and Extended
Spectrum Beta Lactamases (ESBL). Method: This is a laboratory-based targeted surveillance
conducted from 1st June 2019 to 30th September 2019. The study included all the patients
admitted in the ICUs, surgical wards and burn ward within the study period and had positive
culture result of their clinical specimen. Results: Most of the 3rd and 4th generation
Cephalosporins were found resistant. Fluroquinolones were resistant in more than half of
cases. Most of the organism were resistant to aminoglycosides too. Piperacillin-Tazobactam
and Carbapenems were also found resistant in about 70 % of A. baumannii, about 80 % in
Pseudomonas and about 90 % in Klebsiella. For many Klebsiella and Pseudomonas isolates,
Colistin was the only available option to treat the infection. Conclusions: This study showed
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the alarming trends of resistance especially in gram negative bacilli isolated from clinical
specimens of patients with HCAIs to the various classes of antimicrobials.

Keywords: Health Care Associated Infection. Antimicrobial resistance. Methicillin resistant
Staphylococcus aureus, Extended Spectrum Beta Lactamases. Antimicrobial Stewardship.
Introduction

Due to weakened host defences, frequent invasive medical device use, administration of
multiple drugs, cross-transmission of pathogens between patients and staff, and insufficient
infection control procedures, healthcare associated infections (HCAIS) in particular pose a
significant risk to critically ill patients in the ICU .(1)(2) As a result, hospital infections are
now frequently recognised as occurring in intensive care units (ICUs).(3) A significant
surveillance research found that more than 70% of critically sick patients receive an antibiotic
during their stay in the intensive care unit (ICU), either for prophylaxis or for treatment.(4)

In addition, use of broad-spectrum antimicrobial agents has led to the emergence of multi
drug resistant organisms (MDROs) which can cause addition of more antibiotic resistance
organism to Hospital Flora. This antibiotic resistance can be transferred to strains not having
resistance if a patient infected by two different strains. This type of resistance is seen for
Penicillin,  Cephalosporins,  Aminoglycosides, = Chloramphenicol, = Tetracyclines,
Sulphonamides and Vancomycin.(5) On the other hand, due to heavy workload and low
staffing levels, healthcare personnel working in ICUs have low compliance with hand
hygiene and other basic infection prevention and control (IPC) measures, resulting in cross-
infection of microorganisms from patient to patient.(6)

However, in recent years, therapeutic medications have become progressively less successful
at treating bacterial infections, endangering the efficacy of standard medical care.(7)
Increased patient morbidity, death, medical expense, and treatment failure are the main
effects of this issue.(8)(9)

Objectives: Our study was aimed to know the antimicrobial resistance pattern of the
pathogens isolated from patients with HCALIs, including identification of multi-drug resistant
organisms like Methicillin resistant Staphylococcus aureus (MRSA) and Extended Spectrum
Beta Lactamases (ESBL).

MATERIALS AND METHODS

1) Design of study: Laboratory based targeted HCAI surveillance. The microbiologists
retrospectively visited the ward with the positive culture report to correlate with the clinical
data and history.

2) Place of study: The study was conducted in the Department of Microbiology, Late Shri
Lakhiram Agrawal Memorial Government Medical & Hospital, Raigarh, Chhattisgarh. The
clinical specimens were received from various Intensive Care Units, surgical ward and burn
ward. The ICUs and wards included in the study were Surgery ward, Orthopaedics ward,
Medicine ICU, Neonatal ICU, and burn ward.

Duration of Study - 1st June 2019 to 30™ September 2019

Ethical Clearance : Ethical clearance was obtained from the Institutional ethics committee
before starting the data collection (vide S.No./27/IEC/GMC/2019 dated 27/04/2019)
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Inclusion criterion:

e All the patients who were admitted in the ICUs & Burn ward of the hospital for a period
of 48 hours or more and up to 3 days after being discharged or within 30 days of a
surgical procedure are considered as population at risk. Informed Consent was taken from
all the patient’s/guardians.

Exclusion Criteria:

e Those who were admitted in the hospital with fever or any sign and symptoms of
infection or developed fever or sign and symptoms of infection within 48 hours of
admission are excluded from the study.

Study subjects:

e The Four Major HCAIs are Catheter-Associated Urinary tract Infection (CAUTI),
Surgical Site Infections (SSI), Catheter-Related Bloodstream Infection (CRBSI)) and
Ventilator- Associated Pneumonia (VAP) and also Burn Associated Skin Infection.

Sample Collection and Laboratory testing: Blood, pus, Swab, urine, ET aspirate and tip of

IV catheter were collected using guideline mentioned in SOP-ICMR-AMP from patients

showing clinical signs of nosocomial infections.(10)
1. Culture: The collected samples was inoculated in appropriate culture media.
e Blood agar (BA) plate was incubated at 37°C.
e MacConkey agar plate was incubated aerobically at 37°C.
e Robertson cooked meat (RCM) broth was incubated at 37°C.
e Sabouraud dextrose agar was incubated at 37°C and 25°C.
Inoculated primary plates were incubated for 48 to 72 hours and was discarded as negative
after examining once daily for 72 hours.
Identification of causative organism
e Culture: The colony morphology and cultural characteristics were used to identify
the organism.

e Gram stained smear: Gram staining was performed to identify whether the
causative organism is gram positive or gram negative.

e Biochemical reactions — Biochemical tests were used for identification. Some of
commonly used tests were Indole test, Citrate utilization test, Urea hydrolysis test,
Triple sugar iron test, Coagulase test and Oxidase test.

Antibiotic susceptibility:

e The antibiotic susceptibility was determined by Kirby Bauer disk diffusion method
as per CLSI 2018 recommendations.

e The isolates were also tested for Methicillin resistant Staphylococcus aureus
(MRSA), Extended Spectrum Beta Lactamases (ESBL) as per CLSI 2018
recommendations.

Detection of Extended Spectrum Beta Lactamases
e Screening with Cefotaxime (30ug) and Ceftazidime (30ug), for Klebsiella species and

E. coli, if the zone diameter was found less or equal (as suggested in CLSI 2018),
Combined disk method for Cefotaxime in one side and Cefotaxime + Clavulanic Acid
on other side and Ceftazidime in one side and Ceftazidime + Clavulanic Acid on other
side.
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e A >5-mm increase in a zone diameter for either antimicrobial agent tested in
combination with Clavulanic Acid vs the zone diameter when tested alone was

considered as be ESBL producers.
Detection of Methicillin resistant Staphylococcus aureus (MRSA)

Detection with Cefoxitin Disc Diffusion test as per CLSI 2018 guidelines
Data entry and Statistical analysis: The data was entered in Excel sheet and was analysed
in SPSS v 20 provided by Public Health Foundation of India (PHFI) and descriptive statistics
were used wherever required. For citation and bibliography, Zotero version 6.0.5 was used..

OBSERVATION & RESULTS

Table 1: Antibiotic Resistance* Pattern of Gram-Negative Bacteria

Antibiotics K. P.
pneumon aeruginosa
iae (22) (12)

NT - NT
100%  NT
100%  NT
OIS 100% NT
100%  NT
90.9%  100%

Cefoperazon- [Rel0ReL7) 83.3%
Sulbactam

95.4%  91.6%
95.4%  66.6%
90.9%  75%
81.8%  75%

Piperacillin-  [ReOXZ] 83.3%
86.3%  100%
86.3%  75%

Co- 95.4% NT
trimoxazole

727%  NT
o o
188%  NT
81.8%  58.3%
81.8%  58.3%

Chloramphen [eREZ NT
icol

Fosfornycin UMM

A.
baumannii
(10)

NT

NT

NT

NT

100%
100 %
70%

70%
60%
80%
50%
70%

70%
20%
80%

50%
0%
30%
70%
70%
NT

NT
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E.coli

(7)

100%
100%
100%
100%

85.7%
85.7%
57.1%

57.1%
42.8%
42.8%
14.2%
57.1%

71.4%
71.4%
100%

71.4%
0%
0%
57.1%
57.1%
71.4%

50%°

C.koseri

(2)

100%
100%
100%
100%

100%
100%
100%

50%
50%
100%
50%
50%

0%
0%
0%

100%
0%
0%
0%
0%
NT

NT

NFGN
B (2)

NT
NT
NT
NT

100%
100%
100%

100%
100%
100%
50%
50%

50%
50%
50%

100%
0%
0%
100%
100%
NT

NT
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88.8%°  NT NT 50%"° 50%° NT
100%°*  NT NT 57.1%°  50%° NT
100%°*  NT NT 57.1%°  50%° NT
100% NT 50% 71.4%  100% 100%
NT NT 30% NT NT NT

*Provided value shows percentage of organism found Resistance to the Antibiotic

# NT means NOT TESTED (not recommended as per CLSI)

$ Only for Urine Isolates

All identified Klebsiella pneumoniae are resistant to cefuroxime, cefotaxime/ceftriaxone,
Ampicillin-Sulbactam, Amoxicillin-Clavulanate, and Cefazolin. Cefepime, Piperacillin-
Tazobactam, Ceftazidime, Cefoperazone-Sulbactam, Gentamicin, Tobramycin, and
Cotrimoxazole are all ineffective against more than 90% of isolates. Amikacin, Levofloxacin,
Ciprofloxacin, Imipenem, Meropenem, Tetracycline, and Chloramphenicol resistance rates
range from 70 to 80 percent. K. pneumoniae is most sensitive to tigecycline and colistin, with
tigecycline sensitivity ranging from 80% to 100%.

Ampicillin, Cefazolin, Cefuroxime, Amoxicillin-Clavulanate, and Cotrimoxazole were
completely ineffective against Escherichia coli. Resistance to Ampicillin-Sulbactam,
Cefotaxime/Ceftriaxone, Ceftazidime, Imipenem, Meropenem, Tetracycline,
Chloramphenicol, and Cefuroxime is between 70% and 80%. Additionally, more than 40%
are resistant to Gentamicin, Tobramycin, Ciprofloxacin, Cefoperazone-Sulbactam, and
Levofloxacin. 90% of E. coli samples were sensitive to Amikacin, while 100% of them were
sensitive to Tigecycline and Colistin.

All isolated Citrobacter koseri are entirely resistant to the antibiotics Amoxicillin-
Clavulanate, Ampicillin, Cefazolin, Cefuroxime, Cefotaxime/Ceftriaxone, Ceftazidime,
Cefoperazone-Sulbactam, Tobramycin, and Tetracycline. 50% Of C. Koseri have a resistance
to cefepime, gentamycin, amikacin, and piperacillin-tazobactam. Imipenem, Meropenem,
Colistin, and Tigecycline have the highest (100%) degree of sensitivity along with
Levofloxacin Cotrimoxazole and Ciprofloxacin.

All identified Acinetobacter baumannii were totally resistant to ceftazidime. More than 60%
to 70% are resistance to Ciprofloxacin, Levofloxacin, Gentamycin, Tobramycin, and
Piperacillin-Tazobactam. Amikacin, Tetracyclines, and Ampicillin-Sulbactam resistance
accounted for 50% of the cases. The three drugs that were most sensitive to A. baumannii
were tigecycline (70%) minocycline (70%) and colistin (100%).

Pseudomonas aeruginosa isolates are all totally resistant to ceftazidime and imipenem.
Resistance to Gentamycin, Tobramycin, Piperacillin-Tazobactam, Amikacin, Cefepime,
Cefeparazone-Sulbactam, and Meropenem is more than 60%. Ciprofloxacin and
Levofloxacin are both resistant in more than 50% of isolated. Only Colistin showed 100 %
sensitivity.
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In all isolated Non-Fermenter-GNBs, Cefoperazon-Sulbactam, Ceftazidime, Gentamycin,
Tobramycin, Tetracycline, Levofloxacin, and Ciprofloxacin are entirely (100%) resistant.
Amikacin, Piperacillin-Tazobactam, Imipenem, Meropenem, and Co-trimoxazole have 50%
NFGNB resistance. Tigecycline and Colistin exhibited the highest levels of sensitivity in
NFGNBs (100% and 100%, respectively).

Antibiotic Susceptibility Test for Gram Positive was as follows-

Table 2: Antibiotic Resistance* Pattern of Gram-Positive Bacteria

Antibiotic E.faecalis (6) CoNS (6) MRSA (1)
Penicillin 66.7% NT* NT
Ampicillin 50% 100% 100%
Co-trimoxazole NT 33.3% 0%
Erythromycin 100% 66.7% 100%
Clindamycin NT 50% 100%
Tetracycline 100% 100% 100%
Vancomycin 0% 0% 0%
Linezolid 0% 0% 0%
Levofloxacin 100% 66.7% 100%
Ciprofloxacin 66.6% 66.7% 100%
Nitrofurantoin 16.6%° Not isolated in Not isolated in
urine urine
High Level Gentamicin 66.6% NT NT
Fosfomycin 100%"* NT# NT
Norfloxacin 100%° NT NT
Amoxicillin- Clavulanate NT 100% 100%
Moxifloxacin NT NT 100%
Teicoplanin 0% 0% 0%
Gentamycin NT 83.3% NT

*Provided value shows percentage of organism found Resistance to the Antibiotic

# NT means NOT TESTED (not recommended as per CLSI)

$ Only for Urine Isolates

& Not isolated in urine

All isolated E. faecalis were completely resistance (100%) to Erythromycin, Tetracycline and
Levofloxacin. 50% to 70% are resistant to Penicillin (66%), Ampicillin (50%), Ciprofloxacin
(66%), high level Gentamycin (66%). E. faecalis shows maximum sensitivity to Vancomycin
(100%) and Linezolid (100%).

All isolated CoNS are completely resistance to Ampicillin, Tetracycline, and Amoxicillin-
Clavulanate. More than 50% are resistance to Clindamycin, Levofloxacin, Ciprofloxacin and
Erythromycin. CoNS shows maximum sensitivity to co-trimoxazole (67%), Vancomycin
(100%), Linezolid (100%) and Teicoplanin (100%).

MRSA were also found resistance to Erythromycin, Clindamycin, Tetracycline,
Levofloxacin, Ciprofloxacin, and Moxifloxacin. It was sensitive to Co-trimoxazole,
Vancomycin, Linezolid and Teicoplanin.
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Table 3: ESBL production rate
21 6 (28)

63 15 (22)

Out of total isolated E. coli and K. pneumoniae., 27% were found to be ESBLs producing.
DISCUSSION

In our study most of the isolated K. pneumoniae (80-100%) shown resistance towards 3™
generation Cephalosporins, amoxicillin-clavulanate, Gentamicin, Amikacin, Ciprofloxacin,
Levofloxacin, Imipenem and Meropenem. Other studies have found Klebsiella to be resistant
towards Levofloxacin, Ciprofloxacin, Cefepime, Nitrofurantoin.(11) Some showed sensitivity
towards Amikacin, Ceftazidime, Piperacillin and Tazobactam.

About 70 to 100% of isolated E. coli were resistant to Ampicillin, Cefazolin, Cefuroxime,
Amoxicillin-Clavulanate, and Cotrimoxazole, Ampicillin-Sulbactam,
Cefotaxime/ceftriaxone, Ceftazidime, Piperacillin-Tazobactam, Imipenem, Meropenem,
Tetracycline and Chloramphenicol and shown good sensitivity (about 60%) to Gentamicin,
Tobramycin, Ciprofloxacin, Cefoperazone-sulbactam and Levofloxacin. E. coli showed
maximum sensitivity to Amikacin (90%), Tigecycline (100%) and Colistin (100%). The
study by Ghadiri et al showed results where E. coli was resistant to Tetracycline and
Ampicillin while showed sensitivity towards Imipenem .(12)

Other studies have found E. coli resistance towards Nalidixic acid.(12) A study done by
Albert et al also shows increasing resistance of Enterobacteriaceae family.(13)

P. aeruginosa also shown resistance to most of the tested antibiotics tested except
Ciprofloxacin, Levofloxacin and Colistin. Other studies have found Pseudomonas to be
resistant to Cefazolin,(14) Ceftazidime,(15) Ampicillin and Penicillin.(12)

Only 50% of A. baumannii were sensitive to Amikacin, Tetracyclines and Ampicillin-
sulbactam. A. baumannii shown maximum sensitivity to Tigecycline (70%), minocycline
(70%) and Colistin (100%). It shown resistance to other tested antibiotics. Similar type of
conclusion was drawn by Sohail et al in her study, Acinetobacter isolates were found
susceptible to Ampicillin-Sulbactam, Cefepime, Cefotaxime, Ceftazidime, Ceftriaxone,
Imipenem,  Sulfamethoxazole-Trimethoprim,  Amikacin, Gentamicin, Doxycycline,
Tigecycline, Ciprofloxacin, Levofloxacin, Tobramycin, Piperacillin-tazobactam.(16)

MRSA showed complete resistance towards Ampicillin, Erythromycin, Clindamycin and
Levofloxacin but was sensitive to Vancomycin, Co-trimoxazole, Linezolid and Teicoplanin.
Struelens et al states that MRSA is resistant to most of the antibiotics and thus necessitate the
use of Vancomycin.(17)

CONS showed maximum sensitivity to co-trimoxazole (67%), Vancomycin (100%),
Linezolid (100%) and Teicoplanin (100%). It showed resistance (50-100%) to other tested
antibiotics. Some studies have found CoNS to be resistant towards Penicillin and
Ampicillin.(12)
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All the isolated E. faecalis showed resistance (100%) to Erythromycin, Tetracycline and
Levofloxacin. 50% to 70% are resistant to Penicillin (66%), Ampicillin (50%), Ciprofloxacin
(66%), high level Gentamycin (66%). E.fecalis shown maximum sensitivity to Vancomycin
(100%) and Linezolid(100%). Many studies have been done which shows increasing
resistance towards Vancomycin. (18)(19)(20)
About 28% of E. coli were ESBL producing and about 22% of K. pneumoniae were ESBL
producing. Study done by Mita D et al shows slightly less value.(21)
The high resistance to antibiotics like Piperacillin- Tazobactam, Meropenem and Imipenem
in our study suggests injudicious use of these 2nd line broad spectrum antibiotics. In our
setup, Piperacillin- Tazobactam, Meropenem are the most commonly used 1st line antibiotics
in ICUs patients. This might be the reason for high degree of resistance toward Piperacillin-
Tazobactam and Meropenem. This scenario mandates the need of anti-microbial stewardship
programme in hospitals and other health care delivery setups.
CONCLUSION:
Most of the 3rd and 4th generation cephalosporins like Cefotaxime, Ceftriaxone, Ceftazidime
and Cefoperazone- Sulbactam and Cefepime were found ineffective. Fluroquinolones like
Levofloxacin, Ciprofloxacin and Norfloxacin were resistant in more than half of cases. Most
of the organism were resistant to aminoglycosides like Gentamycin, Tobramycin and
Amikacin. Piperacillin-Tazobactam and carbapenems (Meropenem and Imipenem) were also
found resistant in about 70 % of A.baumannii, about 80 % in Pseudomonas and about 90 %
in Klebsiella, which is an alarming situation. For many Klebsiella and Pseudomonas isolates,
Colistin (reserve drug for GNB) was the only available option to treat the infection. If this
situation worsens, this may be the cause of mortality due to antibiotic failure. So, Anti-
microbial stewardship should be started as priority in every hospital.

ESBL and MRSA production rate were high. so, regular surveillance for HAI
should be mandatory in healthcare setup.
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