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In last presentation we discussed…
• Definitions of HAIs

• Designing a HIC program

• Role & duties of HICC, ICT, ICO 

and ICN

• Biomedical Waste Management

• Hand Hygiene

• Standard Precautions

• Employee Health

• Management of Sharps Injury

• Surveillance – Active and Passive, 

Targeted surveillance

• Disinfection and Sterilization

• Care of Systems and Devices

• Spill management

• Housekeeping

• Isolation Policy

• Care of Ambulance

• Monitoring the HIC program



In this presentation we will discuss…

• Engineering controls 

• Laundry and Linen Management

• CSSD

• Kitchen & Food Safety

• Investigation of an outbreak

• Antimicrobial stewardship program



Engineering controls - OT



OTs -divided into 2 groups

• Superspeciality OT: 

– Includes OTs for Neurosciences, Orthopedics (Joint 
Replacement), Cardiothoracic and Transplant 
Surgery (Renal, Liver etc)

• General OT: 

– Includes Ophthalmology and all other basic 
surgical disciplines. District hospital OTs and FRU 
OT would fall under this category



Following basic assumptions for OTs

• OT Size: Standard OT size of 20’ x 20’ x 10’ (Ht. 
below the false ceiling level is considered)

• Occupancy: Standard occupancy of 5-8 persons 
at any given point of time inside the OT is 
considered

• Equipment Load: Standard equipment load of 5-7 
kW considered per OT

• Ambient temperature & humidity at each 
location to be considered while designing the 
system



REQUIREMENTS – Super-specialty OT

• Air Changes Per Hour:

– Minimum total air changes should be 30 with 5 
fresh air component /30ACH

– If HCO chooses to have 100% fresh air system than 
appropriate energy saving devices like Heat 
Recovery Wheel, Run around Pipes etc should be 
installed



…REQUIREMENTS – Super-specialty OT

• Air Velocity

– The vertical down flow of air coming out of the 
diffusers should be able to carry bacteria carrying 
particle load away from the operating table. 

– The airflow needs to be unidirectional and 
downwards on the OT table. 

– The air velocity recommended as per the 
international and national guidelines is 90-120 
FPM at the Grille/Diffuser level.



• Positive Pressure:

– The minimum positive pressure recommended is 
15 Pascal (0.05 inches of water) as per ISO 14644 
Clean Room Standard

• Air handling in the OT including air Quality

– Air is supplied through Terminal HEPA filters in the 
ceiling. The minimum size of the filtration area 
should be 8’ x 6’ to cover the entire OT table and 
surgical team.



• The air quality at the supply i.e. at grille level 
– should be Class 100/ ISO Class 5 (at rest condition).

• Class 100 means a cubic foot of air must have no more than 
100 particles measuring 0.5 microns or larger

• Temperature and Humidity: 
– The temperature should be maintained at 21 +/- 3 Deg 

C inside the OT all the time with corresponding 
relative humidity between 40 to 60% though the ideal 
Rh is considered to be 55%. 

– Appropriate devices to monitor and display these 
conditions inside the OT may be installed



• Air Filtration: The AHU must be an air  
purification unit and air filtration unit. 

– There must be two sets of washable flange type 
pre filters of capacity 10 microns and 5 microns 
with aluminum/ SS 304 frame within the AHU. 

– The necessary service panels to be provided for 
servicing the filters, motors & blowers. 

– HEPA filters of efficiency 99.97% down to 0.3 
microns or higher efficiency are to be provided in 
the OT and not in the AHU.



General OT

• Air Change Per Hour:
– Minimum total air changes should be 25
– Fresh air component of the air change is required to 

be minimum 4 air changes out of total minimum 25 
air changes

• Air Velocity:
– The vertical down flow of air coming out of the 

diffusers should be able to carry bacteria carrying 
particle load away from the operating table

– The airflow needs to be unidirectional and 
downwards on the OT table



• Positive Pressure:
– The minimum positive pressure recommended is 15 

Pascal (0.05 inches of water)
– ISO 14644 Clean Room Standard

• Air handling in the OT including Air Quantity:
– Air is supplied through HEPA filters in the AHU
– The minimum size of the air supply area should be 6’ x 

4’ to cover the entire OT table and surgical team
– The air quality at the supply i.e. at grille level should 

be Class 1000/ ISO Class 6 (at rest  condition). Class 
1000 means a cubic foot of air must have no more 
than 1000 particles measuring 0.5 microns or larger



Validation and maintenance

• Validation (as per ISO 14664 standards) and to be 
necessarily include:
– Temperature and Humidity check

– Air particulate count

– Air Change Rate Calculation

– Air velocity at outlet of terminal filtration unit / filters

– Pressure Differential levels of the OT wrt ambient / 
adjoining areas

– Validation of HEPA Filters by appropriate tests like DOP etc

• Maintenance:
– Cleaning of pre filters at the interval of 15 days



LAUNDRY AND LINEN MANAGEMENT

• Categories of Linen

– Dirty Linen (Used linen, but not visibly soiled with 
blood or blood tinged body secretions)

– Soiled Linen (Known, or potentially, 
infected/infested linen)



Handling and storage of used linen

• Transporting used linen from ward / 
department to pick-up point

• Transporting used linen from the pick-up point 
to the laundry



Infection control issues in the laundry

• Defining workflow

• Disinfection of used (soiled)linen

• Spillage of contaminated linen

• Disinfection of heat-labile linen (Blanket)



CSSD

• Monitoring protocol of CSSD :

– Steam Sterilisation

• Temperature, Pressure and time of each cycle is 
recorded is followed according to manufacturer’s 
recommendations.



…CSSD
– Various quality indicators are used to check the 

efficacy of sterilization:
• Exposure control: Autoclave indicators tape is pasted on all 

packs to be kept in autoclave

• Load Control: Rapid Biological indicators are used once a 
week in both autoclave machines in first load. This indicator 
gives us rapid results, i.e. positive result in one hour and 
negative result in 3 hours. If result is positive means 
sterilization is not adequate that whole load is recalled & re 
autoclaved.

• Pack control: Class 5 chemical integrator - It is used in every 
pack.

• Equipment control: Bowie-dick test pack - It is used once 
daily in machines.



…CSSD

• Glutaraldehyde monitoring Strips: this is to 
check gluteraldehyde efficacy. Used once in a 
week.

• Air cultures are taken once in a month

• Wet pack is not accepted as sterile. These are 
repacked and resterilized (even if the 
indicators show the appropriate changes.



…CSSD

• There are different trolleys for carrying sterile 
and unsterile instruments White & Red 
respectively.

• No person is allowed to enter in sterile room 
without Personal Protective Equipments (PPE) 
(i.e. Cap, mask, gown, & slippers etc.)



…CSSD

• Recall policy: 

– Actions to be taken if any monitoring indicators 
fail:

• CSSD supervisor are informed immediately.

• CSSD personnel should try and discover the cause of 
the failure and arrange for corrective action.

• The item are reprocessed and then supplied after 
confirmation of sterility.



…CSSD

• Record keeping:

– Entry of all the items made in CSSD receipt 
register including date, time, type of instruments 
in the pack, name of department, procedure used 
for, case infected not, name and signature of 
person receiving the items.

– Inventory of sterile packs is checked so that they 
are not distributed directly to the user 
department.

– Record of all the indicators tests and culture 
report is kept.



CSSD

• HLD

• Reuse of SUD



FOOD SAFETY

• Basic Principles (Hygiene, Cleanliness, Workflow)

– Kitchens 

– Food trolleys

– Refrigerator and Freezer Use

– Food handlers 



…Screening of Kitchen Workers

• Kitchen Workers must be screened for 
– Typhoid carriage

– Nasal MRSA carriage

– Stool parasite examination

• Surveillance conducted biannually 
– Surveillance is also done after worker rejoins duty 

after period of leave more than two weeks. 

• Records are maintained by in charge of the 
department.



Investigation of an Outbreak

• Steps to be taken for investigation of an 
outbreak

– Immediate control measures

– Microbiological Study

– Specific control measures

– Evaluation of efficacy of control measures



… Outbreak Investigation

• Step 2
Notify and involve the appropriate departments, 

personnel and the hospital administration.

• Step 3
Search additional cases by examining the clinical 

and microbiological records and by active 
surveillance by ICN.

Develop line listings for every case, patient 
details, place, time of occurrence and infection 
details.



… Outbreak Investigation

Develop an epidemic curve based on place and 
time of occurrence, analyze the data, identify the 
common features of the cases e.g. age, sex, 
exposure to various risk factors, underlying 
diseases etc.

Based on literature search and the features 
common to the cases, formulate a hypothesis 
about suspected causes of the outbreak. 



… Outbreak Investigation

Conduct microbiological investigations

• (a) microbial culture of cases, carriers and 
environments 

• (b) epidemiological typing of the isolates to identify 
clonal relatedness.

Test the hypothesis by reviewing additional cases 
in a case control study, cohort study, and 
microbiological study



… Outbreak Investigation

• Step 4

Implement specific control measures as soon as 
the cause of outbreak is identified.

Monitor for further cases and effectiveness of 
control measures.

Prepare a report for presentation to the HICC, 
departments involved in the outbreak and 
administration.
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Founders of antibiotic era

Alexander Fleming Howard Florey Ernst Chain



Antibiotics: Roadway



Recent Years…
• Recently licensed iv antibiotics

Drug Yr of US Ext Gm+ Ext Gm-

approval efficacy efficacy

Quinu-dalfo 1999 + -

Linezolid 2000 + -

Moxiflox 2001 - ±

Ertapenem 2001 - +

Daptomycin 2003 + -

Tigecycline 2005 + -

Doripenem 2007 - +

Of 506 new drugs in development  5  are antibiotics

7/25/2011
Bad bugs, no drugs. IDSA 2004





Antibiotics

• Essential Rx for serious infections and are one of the most imp 
and valuable discoveries of modern medicine

• Largest therapeutic group; 15-30% of total drug expenditure

• Antibiotics (& vaccines, ORS, contraceptives) most potential 

effect on mortality/ morbidity

• CDC: 150 million prescriptions yearly; 50 million unnecessary

• >90% hospitalized on antibiotics;

>70% are unnecessary / inappropriate



Reasons for Irrational Prescribing

• Training deficiencies

• Diagnostic uncertainties

• Formularies not available or not used

• Fear of poor patient outcome and need for self 
reassurance

• Fear of litigation

• Dispensing prescribers

• Microbiological information not available or not used

• Patient demand

• Economic incentives

• Pharmaceutical manufacturers’ influence 



• Jawetz (1956), problems associated with:

– Attractiveness of new antibiotics to physicians

– Exaggerated claims by pharmaceutical industry

– Impact of promotion by drug companies on medical 
practice.



Philosophy of antimicrobial use

• Understand constraints under which physicians work
• Pressure from patients for antibiotics
• Time constraints
• Economics: Cost of diagnostic tests
• Inadequate knowledge about diagnostic tests
• To show off knowledge in latest developments
• Fear of litigation
• Malpractice
• Easy solutions provided by pharmaceutical campaigns
• Lack of education

• Prescriber
• Patient



• To optimize clinical outcome by minimizing the morbidity and 
mortality due to antimicrobial-resistant infections in cost 
effective manner

• To minimize the unintended consequences of antimicrobial 
use, including toxicity, the selection of pathogenic organisms 
and the emergence of resistance - preserve the effectiveness 
of antimicrobial agents in the treatment 

• To prevent HAIs



Specific objectives

• To ensure:

– Antibiotic Guidelines are reviewed annually and kept up-to-date

• To monitor

– Use of antibiotics and its effects on HAIs

– Adherence to the Drug Formulary Antibiotic Guidelines

– Provision of education on antibiotic prescribing to all clinical staff

– Effectiveness of targeted action plans based on feedback (on 

prescription data and  HAI surveillance data)



Initiation of program

• Convincing administration of the importance of antimicrobial 
stewardship

• Sensitisation of Physicians - they needed to be reassured the 
program is not an effort to regulate how they practice 
medicine

• Provide physicians with evidence based data and to make the 
process as efficient as possible



Antibiotic committee/ working group

• Formation of a Hospital Antibiotic Committee / 
Antibiotics Working Group

– Official committee: responsibility

• Formulation and supervision of an antibiotic policy

– This might be a subcommittee of:
– Hospital Drugs and Therapeutics Committee (DTC)

– Hospital Infection Control Committee (HICC)



• Multi disciplinary
• 6-10 expertise and experience in the subject

• One with skills to conduct literature and systematic reviews
• Input from all stakeholders
• “Ownership” of guidelines

• Experts in:
• Antimicrobial chemotherapy
• Infectious diseases
• Internal medicine
• Surgery
• Paediatrics
• Clinical microbiology
• Pharmacology
• Hospital pharmacy

Policy should be acceptable to every one



Functions of the Committee

• To consult with clinical staff to get agreement on antibiotic 
usage in different specialities 

• To establish an antibiotic formulary, to prevent use of some 
drugs and restrict use of others 

• To formulate guidelines for antibiotic prescribing, including
– Indications for

• Prophylaxis
• Therapy of infection

– Optimum:
• Dosages
• Timings
• Duration of therapy
• Policies for minimising the risks of toxicity 



Due considerations to:

– Spectrum of antibiotic activity

– Pharmacokinetics/ Pharmacodynamics (PK/PD)

– Adverse effects

– Potency to select resistance

– Cost

– Special needs of individual patient groups



Guidelines

• Be drawn up after wide consultation and 
agreement

• Be simple, clear and short, ideally published 
in a small booklet to be carried in a pocket 

• Be provided to all newly appointed doctors / 
nurses and readily available in the hospital, 
wards 





Must set the levels for prescribing antibiotics:

 First choice antibiotics: Can be prescribed by 
all doctors

 Restricted choice antibiotics: 
Only after permission 

from HOD or 
AMT representative

 Reserve antibiotics:
Only after permission 

from AMT member 

Rx of MDR pathogens, 
poly microbial infections

Rx of life threatening
infections, Drugs known to 
select resistance



Principles of prophylactic use 

• Procedure for which antibiotic are needed 
– Posted in Operation theatre 

• Optimal agents, dosage, timing, route and  duration of 
administration
– Adequate antibiotic concentrations at the time of bacterial 

contamination

• Prophylaxis in clean - contaminated procedures
– Given for a short duration, free of side effects and relatively 

cheap

• Antibiotics selected for prophylaxis should not  
– be used therapeutically 

– lead to emergence of microbial resistance



Antimicrobial Use and Resistance

• Changes in use parallel changes in resistance

• Resistance higher in HAIs

• Patients with resistant infections more likely to have 
received prior antimicrobials

• Hospital areas of highest resistance associated with 
highest antimicrobial use

• Increased duration of therapy increase likeliness of 
colonization with resistant organisms

Shales DM et al. CID 1997;25:584-99.



Correlation:  Use and Resistance

Lepper PM et al. Antimicrob Agents Chemother 2002;46:2920-5.



Contribution of Micro lab

• Reporting:
– Reports of antibiotic susceptibility based on the drugs 

available in the agreed formulary

– Restricted reporting - to encourage better prescribing

– Reports should also indicate where organisms are 
invariably resistant (e.g., methicillin-resistant S. aureus 
are resistant to all beta-lactams) 

• Data Management:
– Regular release of antibiograms

– AMR surveillance – unusual resistance, suspected 
outbreaks



Microbiology laboratory

• Advance in diagnostics
– Periodic review of MICs or zone diameters in DD techniques

• detect early trends of emerging resistance, within “susceptibility” cut-
offs.

– D test for inducible clinda- R for S. aureus
– Quick screenings for ESBL, AmpC, KPC, MBLs
– HLAR tests
– ID and mol. epidem. investigation of local outbreaks of infection

• Molecular diagnostics
– Identification of difficult-to-culture pathogens
– Avoids need for extended courses of broad-spectrum empirical 

therapy
– Resistance surveillance



Contribution of Micro lab

• When no local microbiology laboratory exists

– policy should be based upon a basic formulary, if 
possible established after consultation with 
regional or national groups

– priority should be given to examination of samples 
from nosocomial, life-threatening cases

– arrangements should be made for microbiology 
tests with a referral hospital



Computer-assisted management programs

• Provides unique opportunity for:

– Instantaneous feedback

– Education 

– Alteration in prescription patterns

• Computerized decision-support softwares:

– Linked to patients records 

– Presents epidemiologic information

– Warnings 

– Assists in the selection of anti-infective



Behaviour counselling

• Strategies to alter prescribing behaviour
– Persuasive and educational programmes

• Peer review meetings
• Drug bulletins
• Lectures
• Guidelines
• Feedback based on drug audits

– Professional  advice of specialists
• Microbiologists
• Pharmacologists
• Pharmacists

– Restrictive methods
• Prior approval of ID specialists
• Automatic stop orders



Outcome evaluation

• Clinical outcome

– Significant decrease in incidence of:
• Enterococcal bacteremia

• Gram-negative bacteremia

• MRSA infection/ colonization

• Acinetobacter infection/ colonization

– Improved cure rate, decreased failure rate, decreased 
colonization rate, decreased resistance in hospital 
pathogens

• Institutional outcome

– Cost for antibiotics budget decreased in a year



What is a Care Bundle?

Quality Improvement Tool that is simple to apply: 
• Consists of 4-6 key elements

• Evidence based (best) practice

• All or none approach

• All elements crucial: if one element left out process likely to 
fail

• Elements must be rigorous with straightforward Yes/No 
answers

• All measurable in one time and space



Proposed antimicrobial care bundle - six elements

On initiation of prescription: 
1.  Clinical rationale for initiation
2.  Appropriate specimens sent for microbiology culture   

and sensitivity
3.  Adherence to local prescribing guidelines
4.  Additional clinical interventions to manage infection 

(e.g. remove indwelling device, surgical procedure)

On continuation of prescription:
5.  Daily review based on clinical response and 

laboratory results regards: 
• De-escalation of treatment
• Intravenous  Oral switch 
• Stopping antimicrobials

6.  Correct performance of therapeutic drug 
monitoring  
Cooke FJ, Holmes A. Int J Antimicrob Agents 2007; 30:25-29



Controversies and challenges

in antimicrobial policy

• Infection control policies failing ?

• Antibiotic  use

• Antibiotic use as a cause of Hospital infection 

• Antibiotic stewardship



Infection control policies failing ?
• Earlier literature cited hand hygiene adherence rates of          

10-40%  are considered normal

• remaining  % - antibiotic negated for asepsis and 
cleanliness ?

• Now increasing we call for “zero tolerance ” in failure to adhere 
to hand hygiene and other infection control policies

• Even if “Standard precautions” are successfully implemented 
– MRSA can be contained by 

» active surveillance culture

» admission culture

» Isolation

» decolonization and decontamination  

Cepeda et al cohorts to reduce spread of MRSA ICU. Lancet 2005;365:295



Antimicrobial Stewardship Program
CNBC Experience



Goal

• Monitor and provide feedback on occurrence of 
AMR

• Optimize choice and duration of empiric 
antimicrobial therapy

• Optimize perioperative antimicrobial prophylaxis

• Monitoring of adherence to the program 

Regular release of antibiograms

Formulate antibiotic policy

Prescription auditing



D.C. Classen et al. N Engl J Med. 1992 ; 326 : 283-285

incision

Timing of Perioperative 
Antibiotic Prophylaxis and Risk of Infection

before incision Hours after incision



Common Misconceptions in 
Surgical Prophylaxis

• Broad-spectrum is better

• Longer antibiotic 

prophylaxis is better

• Prophylaxis should be 

continued until all “tubes” 

are out



Regular 
Release of 

Antibiograms













Antibiotic policy 

• Has been formalised in consultation with 
respective departmental heads and 
microbiologists





Syndrome 
based

Separate for OPD, in-patient units and ICU

Department 
wise



Daily appraisal form







Monitoring of use of antimicrobials
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Monitoring irrational use of antibiotics
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