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Overview

1.Reducing hospital acquired infections
2.Hand hygiene
3.Central line infection
4.Indwelling catheter infection
5.Ventilator associated events
6.Surgical antimicrobial prophylaxis 
7.Isolation
8.Outbreak investigation



Reducing Hospital-
acquired Infections (HAIs)
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Hospital-acquired Infections (HAIs)
•An infection acquired as a result of or related to care provided in the 
healthcare setting
•HAIs cause increased morbidity, mortality, length of stay, and hospital 
cost
–1 in 31 patients and 1 in 43 nursing home residents contract at least 1 HAI daily

–Over 99,000 people die annually from complications of HAIs

•Most HAIs are preventable





Moi Lin Ling, Anucha Apisarnthanarak, Gilbert Madriaga, The Burden of Healthcare-Associated Infections in Southeast Asia: A Systematic 
Literature Review and Meta-analysis, Clinical Infectious Diseases, Volume 60, Issue 11, 1 June 2015, Pages 1690–
1699, https://doi.org/10.1093/cid/civ095

https://doi.org/10.1093/cid/civ095


*All	of	these	indications	for	Hand	Hygiene	should	
be	followed,	regardless	of	glove	use*

Hand Hygiene



•Use of gloves does not substitute the need for Hand Hygiene
–Performing hand hygiene before putting on gloves decreases contamination for
the patient and environment

–Performing hand hygiene after taking off gloves ensures that you remove any
contaminants transferred to your hands during glove removal or through imperfect
gloves

Hand Hygiene and Glove Use



• Germs may survive on surfaces anywhere from hours to months
• Multiple studies show that poor Hand Hygiene has led to HAIs and outbreaks

Importance of Hand Hygiene



Organisms Types of environmental 
surfaces

Duration of persistence

Staphylococcus aureus Dry inanimate surfaces 7 days to 5 years 

Enterococcus spp. Dry inanimate surfaces 5 days up to 5 years  

E. coli Dry inanimate surfaces 1.5 hours to 16 months

Klebsiella spp. Dry inanimate surfaces 2 hours to >30 months 

Serratia marcescens Dry inanimate surfaces 3 days to 2 months 

Pseudomonas aeruginosa Dry inanimate surfaces 6 hours to 16 months

Clostridioides difficile Dry inanimate surfaces (spores) >5 months

Acinetobacter spp. Dry inanimate surfaces 3 days to 11 months 

Candida spp Dry inanimate surfaces 3 days to 5 months

Norovirus Dry inanimate surfaces 8 hours to 2 weeks 

Survival times of nosocomial pathogens



Central Line-associated Bloodstream Infections– Background 

CLABSI Impact 

Central Line-Associated Bloodstream Infections (CLABSIs)
Approximately 23,500 CLABSIs were reported to (NHSN) by U.S. hospitals in 2016

• 44% decrease in CLABSI between 2008-2016

CLABSIs are associated with prolonged length of stay, increased cost and mortality
• On average, a CLABSI costs $55,646 and prolonged LOS by 19 days 

65%−70% of CLABSIs can be prevented by implementing and following evidence-based 
insertion and maintenance practices

• Duration of catheterization is one of the more important risk factor in the development of 
CLABSIs



How CLABSIs Happen

Insertion related: 
<7 days of insertion 

Maintenance related: 
>7 days of insertion 



• Intravascular device that terminates at or close to the heart or one of the
great vessels
–Temporary central line:

a. Peripherally inserted central catheters (PICCs)

b. Central venous catheters (CVC)

c. Dialysis catheters

–Permanent central lines:

a. Tunneled catheters, including tunneled dialysis catheters

b. Implanted catheters, including ports

–Umbilical catheter:

a. A vascular catheter inserted through the umbilical artery or vein

What is Considered a Central Line?



Central Lines: To Remove or Not to Remove?
• Long-term catheters

–Severe sepsis

–Suppurative phlebitis

–Endocarditis

–BC remain positive >72 hrs despite appropriate therapy

–Certain pathogens

• SA, Pseudomonas, fungi, Mycobacteria

• Short-term catheters
–As above

–GNB, SA, Enterococcus, fungi, Mycobacteria

• Remove central lines infected with Bacillus, Micrococcus, Cutibacterium 



A laboratory confirmed bloodstream infection (LCBI) that is not
secondary to an infection at another body site

And
Central line is in place for >2 consecutive calendar days following its
first access

NHSN CLABSI Definition
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Example of a CLABSI RCA
2022

Total # of CLABSIs 96
Time to BSI <7days/Insertion Related? 32.3%
Time to BSI >7days/Maintenance Related? 66.7%
Multiple Lines? 20.8%
PICC Present? 54.2%
Femoral Line Present? 7.3%
Dialysis Line Present? 33.3%
Received Dialysis/SLED within 7 days? 33.3%
Subclavian Line Present? 17.7%
Emergently Placed Line? 0.0%
Checklist completed? 55.2%
Mechanical Problem with Line? 5.2%
TPA Used? 5.2%
Line exchange over guidewire? 4.2%
CHG Bathing Daily? 55.8%
Peripheral Collection? 95.8%
Pathogen? 88.5%
Common Commensal? 11.46%
End of Life/Comfort Care? 11.1%
Line Necessary? 69.79%
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CDC Tiers of CLABSI Prevention Practices 

Tier 1: Standardize Supplies, Procedures and Processes
(complete all interventions: review and audit compliance with Tier 1 measures prior to moving to Tier 2) 

Assess appropriateness 
and need for Central 

Venous Catheter (CVC)

Select appropriate site of 
insertion; avoid use of 

femoral site

Ensure proper aseptic 
insertion using maximal 

sterile barriers and 
ultrasound guidance

Ensure proper care and 
maintenance of CVC; e.g. 

proper hand hygiene, 
adequate staffing, 

disinfection of connector, 
secure/intact dressing

Optimize prompt removal 
of clinically unnecessary 

CVS 

(If CLABSI rates remain elevated, start with CLABSI Guide to Patient Safety (GPS) and Target Assessment for Prevention (TAP) Strategy and then Proceed with 
additional interventions)

Tier 2: Enhanced Practices
Conduct multidisciplinary 

rounds to audit for 
necessity of continued 

CVC use

Feedback CLABSI and 
CVC utilization metrics to 
frontline staff in “real-time”

Observe and document 
competency and 

compliance with CVC 
insertion and 
maintenance

Use additional 
approaches as indicated 
by risk assessment (e.g., 
antimicrobial coated CVC)

Full or mini root cause 
analysis of CLABSI

Perform needs assessment with CLABSI GPS and TAP Strategy   



1. Optimal site selection

2. Maximal sterile barrier precautions upon insertion

3. Alcohol-containing chlorhexidine (CHG) skin antisepsis

4. Hand hygiene and aseptic technique

5. Daily review of central line necessity and prompt removal of

unnecessary lines

6. Daily 2% CHG cleansing

7. CHG-impregnated dressing

Evidence-based Bundles for CLABSI Prevention



• Use a subclavian site in adult patients to minimize infection risk
(Category 1B)
• Avoid using the femoral vein for central venous access (1A)
–No recommendation for preferred site of insertion to minimize infection risk for
tunneled CV
• However, KDOQI recommends the IJ

• Catheters inserted during a medical emergency should be replaced 
within 48 hrs (1B)

• Use a CVC with the minimum number of ports or lumens (1B)
• Use a sutureless securement device to reduce the risk of infection (II)

Additional CDC Recommendations



Additional CDC Recommendations
•Educate healthcare workers (IA) regarding:
–Indications for CVC use

–Proper procedures for the insertion and maintenance of intravascular catheters

–Appropriate infection control measures to prevent CLABSI

•Use sterile, transparent, semipermeable dressing to cover the 
catheter site (IA)
–If the patient is diaphoretic or if the site is bleeding or oozing, use a gauze 
dressing until this is resolved (II)
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Intravascular Complications of CVC by Insertion Site

Parienti et al. N Engl J Med 2015; 373:1220-1229



Central line justification checklist



Diagnostic stewardship 
the right test for the right patient

Antimicrobial stewardship (AMS)
the right antibiotic, dose & duration

Diagnostic Stewardship and Blood Cultures
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Blood Culture Evaluation in Nonneutropenic 
Patients



Key points – repeat blood cultures

“…physicians should wait 72 hours after preantibiotic
cultures before considering additional blood cultures given 

the lack of additional information provided”

Linsenmeyer K et al. J Hosp Med 2016; Grace CJ et al. Clin Infect Dis 2001
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Please download and install the 
Slido app on all computers you 
use

The incidence of 
bacteriuria each day of 
catheterization is?

ⓘ Start presenting to display the poll results on this slide.
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Please download and install the 
Slido app on all computers you 
use

The greatest risk for 
CAUTI is?

ⓘ Start presenting to display the poll results on this slide.



Catheter-associated Urinary Tract Infection– Background 

Catheter-associated Urinary Tract Infections (CAUTIs)
UTIs are one of the most commonly reported HAIs to the NHSN

• Approximately 75% UTIs are CAUTIs
• Decline in non-yeast CAUTIs from 2012 to 2016

Overall, 25% of patients admitted to an acute care hospital will have a urinary 
catheter placed

• This is higher in the ICU population
• However, 30-50% of catheters are unnecessary

• Prolonged catheterization is the most important risk factor for developing a CAUTI

CAUTI Impact 
CAUTIs are associated with increased cost, morbidity and mortality 

• Up to 13,000 attributable deaths annually



Catheter and Bacteriuria

Bacteriuria:
- At insertion: 8.7% 
- Every day of catheterization: 3-7%

Routes of entry of uropathogens
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Bacteriuria is common!!

Nicolle L et al. Clin Infect Dis 2005; 40: 
1643-54



Pyuria and Bacteriuria

Pyuria cannot predict CAUTIs

Tambyah, Arch Intern Med. 2000;160:673-677)
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Indwelling urinary catheter for >2 calendar days

and
At least 1 of the following signs or symptoms:

fever (>38°C)

suprapubic tenderness

costovertebral angle pain or tenderness

and
A positive urine culture of ≥105 CFU/ml with no more than 2 species of organism

NHSN CAUTI Surveillance Definition
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CDC Tiered Approach to CAUTI Prevention 

Tier 1: Standardize Supplies, Procedures and Processes
(complete all interventions: review and audit compliance with Tier 1 measures prior to moving to Tier 2)

Place indwelling 
urinary catheter only 

for appropriate 
reasons

Encourage use of 
alternatives to 

indwelling urinary 
catheters

Ensure proper aseptic 
insertion technique 
and maintenance 

procedures

Optimize prompt 
removal of unneeded 

catheters

Urine culture 
stewardship: 
culture only if 

symptoms of UTI 
are present

(If CAUTI rates remain elevated, start with CAUTI Guide to Patient Safety (GPS) and Target Assessment for Prevention (TAP) Strategy and 
then Proceed with additional interventions)

Perform needs assessment with CAUTI GPS and TAP Strategy   

Tier 2: Enhanced Practices

Conduct catheter rounds 
with targeted education to 
optimize appropriate use

Feed back infection and 
catheter use to frontline 

staff in “real time”

Observe and document 
competency of insertion: 
education and observed 

behavior

Perform root-cause analysis 
or focused review of 

infections



Indwelling Urinary Catheter Maintenance:
The CAUTI Prevention Bundle

ü Keep the catheter and collecting tube free from kinks and 
dependent loops

ü Keep the collection bag below the level of the bladder at 
all times without allowing it to touch the floor

ü Ensure tubing is secured to the patient with StatLock, leg strap, 

or tape
ü Do not break the seal between the catheter and the tubing 

to maintain a closed system

ü Before transporting the patient, empty the bag using a 
separate, clean collecting container for each patient; avoid 
splashing, and prevent contact of the drainage spigot with 
the container
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CAUTI Prevention Basics
• Avoid inserting an IUC. Use external collection devices such as condom catheter or PureWick.

• If IUC is clinically indicated per established guidelines, use aseptic insertion technique.

• Remove IUCs as soon as they are no longer needed.

• Follow appropriate urine culture collection techniques.

– NEVER obtain a culture from an external urinary catheter device (such as a PureWick) or the urine 
collection bag.

– If IUC is in place and the order is to obtain specimen via a straight catheter, the RN will remove IUC 
and straight catheter for a sample.

– If patient has a chronic IUC or the IUC cannot be removed, the RN will receive an order from the 
Infection Control Medical Director with instructions on how to collect the specimen.

• Maintain all elements of the CAUTI prevention bundle while an IUC is in place 
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•Fever is the most common reason for ordering cultures
•Fever is prevalent in ICU patients (50%)
–Etiology of fever in ICU patients is multifactorial
•Acute pyelonephritis accounts for <5% of ICU infections

•Cystitis does not cause fevers or leukocytosis

•Bacteriuria and pyuria are common in catheterized patients but are 
not specific for UTI

Urine Culture Stewardship
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Fever Workup in Patient with Indwelling Urinary Catheter



Ventilator-associated Pneumonia– Background 

VAP Impact

Hospital-acquired Pneumonia (HAP) and Ventilator-associated 
Pneumonia (VAP)
Most common nosocomial infection

• ∼1 in 100 patients overall and up to 1 in 10 patients on invasive mechanical 
ventilation (IMV)
• The true incidence of nosocomial pneumonia is difficult to estimate

Many hospitals have reported dramatic decreases in VAP rates over the past 20 
years

• However, 5%–10% of ventilated patients continue to be treated for VAP

Ventilator-associated events (VAEs) and VAP extend duration of IMV, prolong 
ICU and hospital LOS, and increase mortality risk 

• The attributable mortality is estimated to be ∼10% but varies considerably by type 
and severity of underlying illness

• Associated with greater use of antimicrobials and higher costs
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VAE Diagnostic Criteria



Ventilator-Associated Events (VAE)
• 300,000 patients receive mechanical ventilation in the US each year
• Infection Control surveillance focuses on ventilator-associated events (VAE), which may or may 

not include pneumonia
• Ventilated patients are at risk for complications and poor outcomes, including sepsis, longer 

stays in ICU, more antibiotic use, and death
• The majority of VAEs are believed to be caused by pneumonia, atelectasis, fluid overload, or 

acute respiratory distress syndrome (ARDS)
• Prevention requires collaboration between Nursing, Respiratory Therapy, physicians, and 

Physical Therapy
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VAE Prevention Strategies (Ventilator 
Bundle)

• Elevation of head of bed (typically 30-45°) to prevent 
aspiration

• Oral care every 4 hours (using CHG every 12 hours)
• Minimize sedation through

• Daily SATs (spontaneous awakening trials), sometimes called 
“sedation vacations” 

• Daily SBTs (spontaneous breathing trials)
• Delirium monitoring and management

• Early exercise and mobility
• Lung protective strategies

• Low tidal volume ventilation
• Conservative fluid management

• Early extubation when ready 
• DVT prophylaxis
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Please download and install the 
Slido app on all computers you 
use

Which of the following patient care 
measures is likely to be most effective 
for preventing the ventilator-associated 
infection complication of pneumonia 
(VAP)?

ⓘ Start presenting to display the poll results on this slide.
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Klompas M, Branson R, Cawcutt K, et al. Strategies to prevent ventilator-associated pneumonia, ventilator-associated events, and nonventilator hospital-acquired 
pneumonia in acute-care hospitals: 2022 Update. Infect Control Hosp Epidemiol. 2022;43(6):687-713. doi:10.1017/ice.2022.88





Surgical Site Infections – Background 

Surgical Site Infections (SSI)
SSIs occur in 2%–5% of patients undergoing surgery

• About 160,000–300,000 SSIs occur each year in the United States
• SSIs account for 20% of all HAIs in hospitalized patients
• Up to 60% of SSIs have been estimated to be preventable by using evidence-

based guidelines

SSI Impact 
Associated with increased Length of Stay (LOS), cost and mortality

• Account for $3.5 billion to $10 billion annually in healthcare expenditures
• 77% of deaths in patients with SSI are directly attributable to SSI



CDC Guideline for SSI Prevention, 2017

• Hair removal only as necessary
• Staphylococcus aureus nasal screening and 

decolonization 
• Perioperative antibiotic prophylaxis before skin 

incision 
• Alcohol-based skin preparation 
• Perioperative glycemic control (<200mg/dL)

• Normothermia 
• Supplemental oxygen

Surgical Site Infection Prevention: A Review

• Avoid razors for hair removal
• Staphylococcus aureus nasal and skin decolonization 

for high-risk procedures
• Perioperative antibiotic prophylaxis before skin 

incision 
• ChloraPrep skin preparation (not Duraprep)
• Perioperative glucose control (110-150mg/dL)

• Maintain normothermia with active warming
• Negative pressure wound therapy for certain 

procedures

Guidelines for the Prevention of SSIs

Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for Disease 
Control and Prevention Guideline for the Prevention of Surgical Site 
Infection, 2017. JAMA Surg. 2017;152(8):784–791.

Seidelman JL, Mantyh CR, Anderson DJ. Surgical Site Infection Prevention: A Review. 
JAMA. 2023;329(3):244–252. doi:10.1001/jama.2022.24075.
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Selection of 
surgical prophylactic 
regimen

CEFAZOLIN

Long half life

Low cost

Drug of choice for most 
clean procedures



High risk for MRSA is defined according to 
the presence of any the following risk 
factors:
• Intravenous antibiotic therapy within 90 days

• Chronic wound care
•Hemodialysis patients

•History of MRSA infection or colonization within 1 year

Among patients who are high risk for MRSA, vancomycin should be prescribed in 
addition to the recommended antibiotic prophylaxis.

Vancomycin Disadvantages

• narrow spectrum, costly, infused slowly, 
increased VRE

• Limit its use to cases with severe b-lactam 
allergy or institutions with high rates of 
MRSA or MRSE.



History of penicillin or cephalosporin 
allergy
True (IgE mediated) allergy is characterized by

•urticaria, pruritius
•angioedema, bronchospasm
•hypotension, or arrhythmia
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“Cefazolin for All” surgical prophylaxis

Cefazolin is safe and can be administered to persons with 
penicillin allergy

Use Alternative antibiotic(s): Only for life-threatening 
delayed-onset immune reactions (drug fever, toxic 
epidermal necrolysis or Stevens-Johnson Syndrome)

Cefazolin is superior to alternative antibiotics for prevention 
of surgical site infection



History of penicillin or cephalosporin allergy

•Patients with a history suggestive of true allergy or an unknown 
allergy, consider outpatient referral to allergy/immunology for 
penicillin skin testing prior to surgery.
•Serious adverse drug reactions may include drug-induced 
hypersensitivity syndrome, drug fever, toxic epidermal necrolysis, or 
Stevens-Johnson Syndrome. Lifelong beta-lactam avoidance is 
generally necessary for these serious adverse drug reactions.



Timing Surgical Prophylaxis
Infusion of the first antimicrobial dose should begin within 60 minutes 
and be completed before incision to allow for adequate tissue 
distribution. 

When azithromycin, vancomycin, or ciprofloxacin is indicated, infusion 
should begin within 120 minutes before incision to allow for adequate 
tissue distribution. 

When a proximal tourniquet is required, the entire antimicrobial dose 
should be administered before the tourniquet is inflated. Azithromycin, 
vancomycin, and ciprofloxacin should be infused over at least 60 
minutes.



Importance of the timing of antimicrobial 
administration

Burke JF: The effective period of preventive antibiotic action in experimental 
incisions and dermal lesions. Surgery 1961; 50: pp. 161-168.



Delayed surgery start time
If the surgery start time has been delayed 
and the pre-operative antibiotic agent has 
not been given within 60 minutes, redosing 
is required for ampicillin-sulbactam, 
cefoxitin, cefazolin, cefepime, or piperacillin-
tazobactam before the surgery begins.
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Adult Preoperative Antibiotic Guide
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Evaluation of PCN +/- Cephalosporin Allergy in Preoperative Patient



Methicillin-resistant Staphylococcus aureus Bacteremia

Methicillin-resistant Staphylococcus aureus (MRSA) 
Infection
Hospital-acquired infections (HAIs) caused by MRSA are common in acute-care 
facilities

• In North America, an estimated 23% of ICU infections are caused by, and nearly 
half of those (44%) are due to MRSA

• In the United States, S. aureus is one of the most common pathogens 
associated with HAIs
• Between 2015-2017, S. aureus was the 1st and 2nd most common pathogen associated 

with device-associated infections and surgical site infections (SSIs) in pediatric and 
adult infections

• Over half of the cases are preventable

MRSA Impact
The CDC estimated 323,700 cases of invasive MRSA infection and over 10,600 deaths 
in 2017

• Mortality among those with MRSA bacteremia ranges between 15-50%
• Annual attributable healthcare cost was $1.7 billion in 2017



MRSA Bacteremia

•Approximately 30% of people are colonized with S. aureus in their 
nose
•Most cases of MRSA bacteremia develop secondary to another site of 
infection
–However, in up to 25% of cases, no initial site of infection is not identified

•Most commonly transmitted to patients via contaminated hands of 
health care personnel
–Contaminated environmental surfaces play a role



MRSA Bacteremia Surveillance Definition

Positive MRSA blood culture >3 days after admission to the facility
–Specifically, on or after calendar day 4
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CDC Tiers of MRSA Bacteremia Prevention Practices 

Tier 1: Standardize Supplies, Procedures and Processes
(complete all interventions: review and audit compliance with Tier 1 measures prior to moving to Tier 2) 

Conduct basic MRSA 
Risk Assessment for 

facility infection 
burden and 

transmission risk

Conduct case reviews 
of NHSN HO MRSA 
bacteremia LabID 
events (cases) to 

guide source-specific 
interventions

Monitor and alert staff 
of patients with MRSA

Promote and monitor 
hand hygiene 
compliance

Initiate Contact 
Precautions for both 

colonized and 
infected patients and 
monitor adherence

Assess effectiveness 
of cleaning and 
disinfection of 

environment of care 
and reusable patient 

care equipment

(If MRSA bacteremia rates remain elevated, start with MRSA Guide to Patient Safety (GPS) and then proceed with additional 
interventions

Perform needs assessment with CAUTI GPS and TAP Strategy   

Tier 2: Enhanced Practices

Implement daily chlorhexidine 
bathing for populations at risk for 

developing MRSA bacteremia

Consider decolonization for those 
patients colonized with MRSA and 

at high risk of infection

Active Surveillance Testing (AST) 
for high-risk patient populations

Consider gowning and gloving for 
all intensive care unit (ICU) 

patients
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MRSA Interventions

Ongoing CLABSI initiatives that impact MRSA rates

–Expanding nasal decolonization to all patients with central lines in GPU 

–Monitoring CHG compliance

–Daily central line necessity rounds to ensure unnecessary lines are removed

–Twice weekly device audits 

–Ongoing nursing and physician education

Monitoring for any potential environmental spread

–Monitoring environmental cleaning through blacklight audits

Ensuring hand hygiene compliance through multiple initiatives

1

2

3
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Isolation
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Please download and install the 
Slido app on all computers you 
use

A 50 y/o previously healthy F developed 
a urinary tract infection after a 3-month 
trip to India. Symptoms persisted 
despite empiric antibiotic therapy. The 
most likely antimicrobial-resistant 
pathogen is:

ⓘ Start presenting to display the poll results on this slide.



Modes of Transmission of Infectious Agents
•Contact

–Direct 

–Indirect

•Droplet (>5 µl, travels 3-6 feet)

•Airborne (≤5 µl, remains aloft)
•Common source 

–Outbreak potential

•Vectorborne
•Endogenous 

–Auto-inoculation & device-related
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Please download and install the 
Slido app on all computers you 
use

A 55 y.o. is admitted with fever and 
pneumonia. He recalls lawn mowing over 
a dead rabbit a few days ago. Blood 
cultures grow gram-negative coccobacilli 
aerobically. The appropriate patient 
placement and specimen lab 
containment are:

ⓘ Start presenting to display the poll results on this slide.
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Approaches to Outbreak 
Investigation



Pathogens Implicated in Outbreaks
• Listeria

–Foodborne àsoft cheese, dairy, cabbage

• Miscarriages

–Psychrophile

• Yersinia

–Blood products, pork, hot dogs

• Post-infectious reactive arthritis

–Psychrophile

• Candida auris

–Multiple nosocomial outbreaks worldwide

•Mycobacteria chimaera

–Contaminated heater-cooler devices 



Pathogens Implicated in Outbreaks
• Cronobacter sakazakii

–Yellow pigment, powdered infant formula

• Pseudomonas spp

–Contaminated iodophors

• Enterobacter agglomerans, Pseudomonas, Flavobacterium

–Intrinsic or extrinsic contamination of IV fluids and medications

• BSI with unusual species

–Common-source contamination



90

Please download and install the 
Slido app on all computers you 
use

Over a 1-week period in early September 
2015, 2 patients on a unit are diagnosed 
with ESBL Salmonella Isangi infection. 
You are the physician taking care of the 
patient and are consulted to manage the 
patients.  What do you do next?

ⓘ Start presenting to display the poll results on this slide.



Steps in Outbreak Investigation
1. Establish the existence of an outbreak
2. Verify the diagnosis
3. Construct a working case definition

–Describe and orient the data in terms of person, place and time

4. Determine size of population at risk
5. Perform descriptive epidemiology

–Epidemic curve

–Outbreak is characterized by person, place and time



Steps in Outbreak Investigation
6. Develop and evaluate hypotheses regarding source and mode of 

transmission
–As necessary, reconsider, refine, and re-evaluate hypotheses

–Compare and reconcile with lab and/or environmental studies

–Cohort or case-control study

7. Implement control and prevention measures
8. Initiate or maintain surveillance
9. Communicate findings



Remember…….
•Outbreak investigations are neither linear nor orderly!
•Multiple steps happen simultaneously
•Steps often have to be repeated several times
•Notify the health department



Literature Review

•An important place to start
•There are more than 60,000 published outbreak investigations

–Over the years, many outbreaks of infectious diseases have occurred and spread across 
the United States and internationally

§CDC Outbreaks

•Clues on where and how to start your investigation

https://www.cdc.gov/outbreaks/index.html


Initial Case Findings

§Index patient:

• 44 y/o M born in the Middle-East, resident of Venezuela, traveled to Mexico, 
Colombia, Spain 

•Underwent lung transplantation on Aug 9, 2015

•Developed worsening diarrhea and abd pain on 9/2/2015 but had it since admission

• In the next two weeks, you identify a total of 8 cases 
–Everyone had surgery

–Most develop symptoms on unit but not everyone



What are the possible modes of 
transmission?



Possible hypotheses for transmission

1. Contaminated shared equipment (e.g., intraoperative TEE probes, gels)
2. Contaminated environment (e.g., patient rooms)
3. Contaminated food or water
4. Infected or colonized healthcare worker (HCW)



Line List
•Arguably the single most important part of the investigation since it drives 
all investigative efforts

–Most resource intensive part of the investigation

•What to look for:

–Signs and symptoms

–Host factors

–Medications

–Procedures

–Location

–Staff contact



Observations
•Who and what to observe is generally driven by the line list
• Initial observations and review of procedures can be very informative and can help 
with the creation of a standard observation tool, if needed



Case Definition
• Initial case definition should be narrow enough to focus efforts, but broad enough to 
catch all possible cases

–How narrow to make it often depends on the pathogen

–Confirmed, probable, and possible/suspect

•For example:

–Patient or HCW with S. Isangi isolated from any culture during outbreak period from Aug 9-
Oct 22, 2015, at HFH



Case Findings
•Goal is to stop the outbreak, not to uncover every case
•More exhaustive case findings efforts may not be needed up front, but might 
become important to control an outbreak
–Active vs passive surveillance

§Microbiology data
oEasiest and most reliable method

oPathogen-specific 

v Miss subclinical cases

–Infection control or surveillance records

–Discussions with clinicians



Investigation
§Active surveillance of patients potentially exposed during the outbreak 

- All patients in the unit

- All patients who underwent solid organ transplantation (SOT) from Aug 9, 2015 - Oct 14, 
2015

§Patients with diarrhea: screened for S. Isangi using stool samples

§Asymptomatic patients: screened for S. Isangi using perirectal swabs cultured in 
enriched broth media  



Epidemic Curve



Environmental Sampling
•Can be the most powerful and definitive aspect of an investigation
•But can also be expensive, misleading and frustrating

–Does a negative culture mean the bug was never there or just is not there right now?

•Methodologies can be tricky and may not be standardized

–Some environmental pathogens have adapted to low nutrition environments and need 
special media to grow

–Even using the best methods, the yield can still be low



Environmental Cultures

•All 109 environmental cultures were negative for Salmonella
§ TEE probes

§ Glidescopes

§ Gel samples (multiuse and single use packs)

§ Environmental surfaces (OR and Units)

§ Water samples

§ Slush machines and coolers



Strain or Molecular Typing
•Strain typing technology has been used for decades in support of outbreak 
identification and monitoring
–Strain typing data can provide useful data for outbreak investigations

–Answers the question, “Are these isolates related?”

•Typing data is NOT a substitute for a sound epidemiologic investigation
•The two data sets should be used together to provide complementary information



Strain relatedness using PFGE of all isolates was determined (8 representative isolates shown in lanes A-H). 
14 of isolate patterns were identical and the remaining isolates differed by ≤ 3 bands for an overall relatedness of 89.5%.  
Lanes A to H are patient isolates, and lanes LM are the lambda marker

PFGE of Salmonella  enterica serotype Isangi clinical isolates

• PFGE showed 89.5% similarity  

• Isolates with resistant-phenotypes 
possessed plasmid-mediated CTX-M15 
ESBL

LM      A     B        C       D       E        F        G        H    LM



Adjusted
Variable Odds Ratio (95% 

CI)
P-value

Intra-operative 
TEE

9.0 (1.12-72.60) 0.02

Anesthesiologist 
A*

6.45 (1.00-41.52) 0.05

TTE 1.72 (0.47-6.29) 0.41

CTU stay 0.87 (0.22-3.43) 0.97

Multivariate Regression Analysis of Variables Associated with Salmonella Isangi Infection

*Anesthesiologist A was involved in the care of only 4 (21%) case-patients, was asymptomatic and 
tested negative for salmonella



Implementing Control Measures
•Ultimately, the primary goal is to stop transmission, not necessarily find the source

–Removing source or agent, blocking transmission

•May implement a variety of control measures targeting various possibilities based 
on the initial observations

–Isolation or cohorting of case patients

–Sterilization of equipment



Infection Control Assessment and Control Measures (1)
Operating room (OR)
OR processes assessed for lapses in infection control
Intra-operative transesophageal echocardiogram (TEE) practices reviewed
TEE and equipment reprocessing procedures evaluated and corrective measures implemented
TEE probes replaced and tracking procedures instituted for all TEE probes
Environmental surveillance cultures performed of TEE probes, gels, water, slush machines, environment
All multiuse gel containers replaced with single-patient use gels packs
Enhanced terminal cleaning of ORs using UV light disinfection
Temporary suspension of elective cardiothoracic surgical procedures
Perioperative prophylaxis switched to meropenem for cardiothoracic surgeries during outbreak
Multidisciplinary teams, including IC leadership and personnel from OR, anesthesia, and reprocessing, conducted 
weekly environmental rounds to monitor process  improvement measures



Cardiothoracic unit (CTU)
Case-patients placed in contact isolation until discharge 
Infection Control teams placed in CTU to ensure adherence to infection control practices with emphasis on hand 
hygiene and disinfection of shared equipment
Daily huddles with unit staff to provide updates
Active surveillance with microbiological screening of all patients
Review of case-patient dietary records for any common food or water sources
Unit closed to new admissions
Enhanced terminal cleaning of patient rooms with UV light disinfection
Case-patients cohorted in single pod and all patient care equipment quarantined in pod
Temporary physical barriers placed between cohort pod and rest of CTU
Tracking of case-patients to ensure enhanced environmental cleaning of patient care areas outside the CTU

Infection Control Assessment and Control Measures (2)



Definitive Investigation
•Refine the case definition based on the initial findings

–Make it as focused as possible to detect real cases

•Continue surveillance efforts based on the refined case definition
•Continue to review control measures:

–Compliance

–Do they need to be enhanced or loosened?



Considerations
• Interested parties

–Hospital administration

§Educate

§Update

–Media

–Lawyers



Steps in Outbreak Investigation
1. Establish the existence of an outbreak
2. Verify the diagnosis
3. Construct a working case definition
4. Determine size of population at risk
5. Perform descriptive epidemiology

6. Develop and evaluate hypotheses regarding source and mode of transmission
7. Implement control and prevention measures
8. Initiate or maintain surveillance
9. Communicate findings
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Thank-you!
Questions?


