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Sources of Healthcare-Associated Pathogens
Weinstein RA. Am J Med 1991:91 (suppl 3B):179S

• Endogenous flora (SSI, UTI, CLABSI): 40-60%

• Exogenous: 20-40% (e.g., cross-infection via 
contaminated hands [staff, visitors])

• Other (environment): 20%
 Medical devices

 Contact with environmental surfaces (direct and indirect 
contact)
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In 2025, surgical site infections 
remained the most prevalent 
type of HAI, accounting for ~23% 
of infections, followed by 
HAP/VAP/VAE and bloodstream, 
each accounting for 21% and 
19% of infections, respectively. In 
2025, UTI accounted for 16% of 
all HAI (an increase from 
previous years) and CDI 
accounted for 9% of all HAI (a 
decrease compared to previous 
years), while URI accounted for 
roughly the same percentage of 
HAI as previous years
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In 2024, surgical site infections 
remained the most prevalent 
type of HAI, accounting for ~23% 
of infections, followed by 
HAP/VAP/VAE and bloodstream, 
each accounting for 20% and 
19% of infections, respectively. In 
2024, URI accounted for 11% of 
all HAI (an increase from 
previous years) and CDI 
accounted for 12% of all HAI (an 
increase compared to 2023), 
while UTI accounted for lower 
percentage of HAI than previous 
years.
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CA-UTIs

• Definitions
 CA infection refers to infection occurring in a person whose 

urinary tract (UT) is currently catheterized or has been 
catheterized within the previous 48h

 UTI refers to significant bacteriuria in a patient with symptoms 
or signs attributable to the UT

 Asymptomatic bacteriuria refers to significant bacteriuria in a 
patient without symptoms or signs attributable to UT.  May be 
source of HA bacteremia. Treatment not recommended.
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CATHETER-ASSOCIATED URINARY 
TRACT INFECTIONS (CA-UTI)

• Prevalence, Incidence
 Common site of HAI: Accounts for up to 30% of all reported 

HAIs by acute care hospitals
 Approx. 75% of UTIs acquired in the hospital are associated 

with urinary catheters
 Almost half of UTIs (45%) occurred among ICU patients
 Estimated >560,000 healthcare-associated UTIs annually

Adapted from CDC: http://www.cdc.gov/HAI/pdfs/toolkits/CAUTItoolkit_3_10.pdf
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CATHETER-ASSOCIATED URINARY 
TRACT INFECTIONS (CA-UTI)

• Prevalence, Incidence
 15-25% patients in hospitals have a urethral catheter 
 Most hospitalized patients are catheterized for only 2-4 days but 

many longer
 Incidence of bacteriuria's associated with indwelling catheter is 

3-8% per day
 Almost all persons catheterized for a month or more will have 

catheter-associated bacteriuria

Adapted from CDC: http://www.cdc.gov/HAI/pdfs/toolkits/CAUTItoolkit_3_10.pdf; Trautner, Hooten, PPID 2020
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CATHETER-ASSOCIATED URINARY TRACT INFECTIONS 
(CA-UTI)

• Impact
 About 15% of cases of nosocomial bacteremia are attributable to the 

UT
 Bacteriuria is the most common source of gram-negative bacteremia 

among hospitalized patients
 Bacteremia complicates CA-bacteriuria in 1-4% of cases
 Estimated 13,000 attributable deaths annually
 Leading cause of secondary BSI with ~10% mortality
 Excess length of stay:  2-4 days
 Increased cost: $0.4-0.5 billion per year nationally
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URINARY CATHETER USE

• 15-25% of hospitalized patients

• 5-10% (75,000-150,000) of patients in extended care facilities

• Often placed for inappropriate purposes

• Physicians frequently unaware
 In a survey of US hospitals:

 >50% did not monitor which patients were catheterized

 75% did not monitor duration and/or discontinuation

Adapted from CDC: http://www.cdc.gov/HAI/pdfs/toolkits/CAUTItoolkit_3_10.pdf
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LECTURE TOPICS

• Prevalence

• Pathogenesis-mechanism of development

• Etiology of UTIs

• Risk factors

• Prevention
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PATHOGENESIS OF CA-UTI

• Source of microorganisms
 Endogenous: meatal, rectal, 

vaginal colonization

 Exogenous: via contaminated 
hands of HCP during catheter 
insertion or manipulation of the 
collecting system

Maki DG, Tambyah PA. Emerg Infect Dis 2001;7:1-6
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CA-UTIs

• Introduction of bacteria into the bladder at the time of 
catheter insertion

• Extraluminal migration of bacteria or perianal bacteria into 
the bladder along the outer surface of the catheter

• Intraluminal retrograde migration of bacteria into the 
bladder from the drainage bag along the inner surface of 
the catheter following a catheter care violation
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SOURCE OF CA-UTI PATHOGENS

Maki DG, Tambyah PA. Emerg Infect Dis 2001;7:1-6
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PATHOGENESIS OF CA-UTI

• Formation of biofilms by urinary 
pathogens common on surfaces 
of catheters and collecting 
systems

• Bacteria within biofilms resistant 
to antimicrobials and host 
defenses

• Some novel strategies in CA-UTI 
prevention have targeted biofilms
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Diagnosis

• NHSN
• If the patient has a urinary catheter and a positive urine culture 

that meets NHSN criteria for a CAUTI on the same day as the 
fever, a CAUTI reported
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Escherichia coli again accounted for >40% of all 2025 hospital-associated 
urinary tract infections. Proportions of these pathogens did not shift in 2025 
compared to previous few years. 
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Escherichia coli again accounted for >40% of all 2024 hospital-associated 
urinary tract infections. Proportions of these pathogens did not shift in 2024 
compared to previous few years. 
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HAI PATHOGENS, NHSN, 2011-2014

%MRSA by site:  CLABSI, 50.7% (2014); VAP, 42.4% (2012); SSI, 42.6% (2014); CAUTI, 52.0% 
(2014)

Weiner LM, et al.  ICHE 2016;37:1288-1301
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HAI Pathogens, NHSH, 2011-2014
Weiner LM, et al. ICHE 2016;37:1288-1301

Candida excluded to enhance the clinical relevance and accuracy of surveillance as 
Candida in urine represents colonization rather than a true, actionable infection. The 

exclusion reduces falsely inflated Candida rates.

Number (%)Pathogen (UTI)

36,806 (23.9)E. coli

17,926 (11.7)Candida albicans

15,848 (10.3)Pseudomonas aeruginosa 

15,471 (10.1)K. pneumoniae/oxytoca

10,728 (7.0)Enterococcus faecalis

9,443 (6.1)Yeast

6,291 (4.1)Other Enterococcus spp

6,108 (4.0)Proteus spp 

5,680 (3.7)Enterobacter spp. 
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HEALTHCARE-ASSOCIATED UTIs, 
UNC HOSPITALS, 2006-2009

UTI (N=459)CA-UTI (N=1218)
29.0%23.6%E. coli
16.3%15.4%Enterococcus spp.
6.1%14.9%Candida spp.
7.2%9.2%P. aeruginosa
12.6%9.1%Klebsiella spp.
4.1%6.2%Proteus spp.
4.6%4.7%Enterobacter spp.
4.6%2.9%Coag neg staph
0.7%2.1%Torulopsis glabrata
0.0%1.8%Acinetobacter
2.4%1.6%S. aureus
1.3%1.3%Serratia marcescens
2.2%1.2%Citrobacter spp.
8.9%6.0%Other
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CA-UTI: NHSN, 2006-2008
Edwards JR, et al.  Am J Infect Control 2009;37:783-85

Urinary Cath
Utilization Ratio

Infection Rate  
(10% - 90%)

Infection Rate 
(pooled mean)

Unit

0.612.6 - 12.37.4Burn ICU
0.560.0 – 9.44.8Medical cardiac ICU
0.721.0 – 8.94.7Medical, major teaching ICU
0.77NA7.4Neurology ICU
0.761.6 – 10.86.9Neurosurgical ICU
0.21NA4.0Pediatric medical ICU
0.290.0 – 7.24.2Pediatric, med/surg ICU
0.810.7 – 9.14.3Surgical ICU
0.770.7 – 7.03.6Cardiothoracic ICU
0.890.2 – 8.15.4Trauma ICU
0.201.2 – 14.46.7Medicine floor
0.260.0 – 11.86.5Surgical floor

24



25

HEALTHCARE-ASSOCIATED UTIs, UNCHC, 2006-2009
Weber, Sickbert-Bennett, Gould, Brown, Huslage, Rutala.  ICHE. 2011;32:822

UTI
Rate^

UTI
Number

CA-UTI
Rate*

CA-UTI
Number

0.1663.75133Medicine ICU
0.4272.6527Medicine Step Down
0.43773.35101Medicine Ward
0.1394.81300Surgery ICU
0.3032.9031Surgery Step Down
0.421084.59358Surgery Ward
0.92774.5250Pediatric ICU
0.32384.8325Pediatric Ward
1.686010.1243Rehabilitation Ward
0.3026Psychiatric Ward
0.484114.321068TOTAL

* Per 1,000 days catheterized           ^ Per 1,000 days hospitalized
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New  NHSN 
surveillance 
definition for CAUTI 
implemented

New  NHSN surveillance 
definition for CAUTI 
implemented (excludes 
yeast and <105 organisms)

After years of steady reductions in our CAUTI rates in ICUs and hospital-wide, in 
2025, we had an increase in our CAUTI rate compared to the previous year
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The CAUTI rates in 2025 for CTCCU, CCU HBH, MPCU and STCCU exceeded 
the unit’s historical average (based on data from 2022-2024) CAUTI rate.
64% of CAUTI (n=41) were attributed to ICU or stepdown unit
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The CAUTI rates in 2025 for REHB, BMTU, 6MEM and WSU exceeded the 
unit’s historical average CAUTI rate with more than 1 infection.  
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LECTURE TOPICS

• Prevalence

• Pathogenesis

• Etiology of UTIs

• Risk factors-characteristics/behaviors increase likelihood 
of developing a condition/infection

• Prevention
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RISK FACTORS FOR CA-UTI
Hooton, et al. IDSA Guidelines CID 2010:50:625

• Indwelling catheterization
• Not receiving systemic antimicrobial therapy
• Female sex
• Positive urethral meatal culture results
• Microbial colonization of the drainage bag
• Catheter insertion outside the OR
• Catheter care violations
• Older age
• Diabetes mellitus (high blood sugar, weakens immune response)
• Rapidly fatal underlying illness
• Elevated serum creatinine (poor kidney function) at the time of 

catheterization
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RISK FACTORS FOR CA-UTI
Maki DG Emerg Infect Dis 2001;7:1-6
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EVIDENCE-BASED RISK FACTORS
FOR CA-UTI

BacteriuriaSymptomatic UTI
Disconnection of drainage system*Prolonged catheterization*

Lower professional training of inserter*Female gender^

Placement of catheter outside of OR^Older age^

Incontinence^Impaired immunity^

Diabetes

Meatal colonization

Renal dysfunction

Orthopaedic/neurology services

* Main modifiable risk factors ^ Also inform recommendations
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ANTIBACTERIAL HOST DEFENSES
IN THE URINARY TRACT
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CA-UTI DEFINITIONS

• UTI that occurs in a patient who has had an indwelling urethral 
catheter in place within the 48-hour period before the onset of 
the UTI

• Does not include in and out catheters or urinary catheters that 
are not placed in the urethra (e.g., suprapubic catheter)

• Do not include patients with asymptomatic bacteriuria
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Urinary Tract Infection Criteria
January 2023
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COMPLICATIONS OF SHORT-TERM 
CATHETERIZATION 

• Less than 25% of hospitalized patients with CA-bacteriuria develop UTI 
symptoms

• ~15% of cases of nosocomial bacteremia are attributable to the urinary 
tract

• Bacteriuria is the most common source of Gram-negative bacteremia 
among hospitalized patients

• However, bacteremia complicates CA-bacteriuria in only <1% to 4% of 
cases

• The mortality of nosocomial bacteremic UTI is ~13%, but <1% of hospital 
deaths are due to bacteremic UTI

Hooton TM, et al.  Clin Infect Dis 2010;50:625-663
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Core Prevention Strategies (CDC)

• Insert catheters only for appropriate indications

• Leave catheters in place only as long as needed

• Ensure that only properly trained persons insert and 
maintain catheters

• Following aseptic insertion, maintain a closed drainage 
system

• Maintain unobstructed urine flow

• Hand hygiene and standard precautions
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CA-UTI Prevention-IHI

• Avoid unnecessary catheters

• Insert urinary catheters using aseptic technique

• Maintain urinary catheters based on recommended 
guidelines

• Review urinary catheters necessity daily and remove
promptly when not needed
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CA-UTI Prevention-IHI
• Avoid unnecessary urinary catheters

 Explicit criteria for appropriate insertion should be in place and verification that criteria 
are met prior to insertion

 Indications
 Preoperative use for selected surgical patients
 Urine output monitoring in critically ill patients
 Management of acute urinary retention and urinary obstruction
 Assistance in pressure ulcer healing for incontinent patients
 As an exception, at patient request to improve comfort or for comfort during end-of-life 

care

 Avoid use for management of incontinence
 Strategies: require verification that criteria are meet; build criteria for catheter insertion 

into order entry systems and require documentation of need at time of order; review 
cases of insertion that do not meet criteria
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CA-UTI Prevention-IHI
• Insert urinary catheters using aseptic technique

 Use appropriate hand hygiene

 Insert catheter using aseptic technique and sterile equipment (gloves, drape, 
sponges, antiseptic solution for cleaning urethral meatus, sterile lubricant 
gel)

 Use as small a catheter as possible consistent with proper drainage

 Strategies: checklist for indications for catheter use and insertion; kits; 
education and training of staff; competency assessment
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CA-UTI Prevention-IHI
• Maintain catheters based on recommended guidelines

 Maintain sterile, continuously closed drainage system
 Keep catheter properly secured to prevent movement and urethral traction
 Keep collection bag below the level of the bladder 
 Maintain unobstructed urine flow (keep catheter and collecting tube free from kinking)
 Empty collection bag regularly using a separate clean container for each patient. 

Ensure drainage spigot does not contact nonsterile container.

• Strategies: verify and document five items at least once per shift; avoid 
irrigating catheters, disconnecting the catheter from the drainage bag, and 
replacing catheters routinely 
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CA-UTI Prevention-Removal-IHI
• Review urinary catheter necessity daily and remove promptly 

(duration of catheterization is the most important risk factor for 
development of infection)
• Daily review of catheter necessity is recommended 

• Strategies: automatic stop orders; daily reminders by nurses to 
physicians; alerts in computerized ordering systems; daily 
assessment at the start of every shift with the requirement to contact 
physician if criteria are not meet

• Implement quality improvement programs
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CA-UTI Prevention-IHI
• Process Measures-what a provider does to improve infection prevention

 Unnecessary urinary catheters (inserted without appropriate indication 
documented at the time of insertion)

 Number of patient records or forms with documentation of aseptic technique

 Urinary catheters maintained according to recommended practices (sterile, 
closed drainage; bag below bladder, etc.)

 Unnecessary urinary catheter days (number of days with no documentation of 
indication for continued necessity)
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Daily foley care charted in last 24 hours consistently <90%. Work needed on 
maintaining feedback provided and absence of dependent loop compliance above 
90%. 
All other components assessed are consistently above 90% compliant.  

Foley Catheter Peer Audits CY2025
Percentage of Compliance
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Audit components consistently <90% include absence of dependent loop and daily 
foley care charted in last 24 hours. 
All other components assessed are consistently above 90% compliant.  

Foley Catheter Peer Audits CY2024
Percentage of Compliance
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Dependent Loop-Drainage tubing dips below the entry point into the 
drainage bag, potentially hindering urine flow and increasing risk of CA-
UTI 
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CA-UTI Prevention-IHI

• Forming the Team

• Champions-person supports a cause

• Setting Aims
• Decrease the rate of CA-UTI by 5% within one year by 

achieving high levels of performance in the preventive 
measures

• Assess where we stand presently
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CA-UTI Prevention-IHI
Questions

• Do we require verification that catheter indications are met
• Do we conduct a daily review of catheter necessity
• Are we measuring unnecessary catheters
• Is there a process in place for daily review of inserted catheters
• Are we using an insertion checklist
• Do we follow daily maintenance procedures
• Are all supplies for compliance with appropriate insertion available at point of 

care
• Do we teach core principles of prevention of CA-UTI
• Where are urinary catheters used most frequently
• What is our CA-UTI rate
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CDC/HICPAC AND IDSA SCORING 
SYSTEMS
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PREVENTION

• Appropriate catheter use

 Insert urinary catheters only for appropriate indications and leave in 
place only as long as needed (IB)

 Avoid urinary catheters in patients for management of incontinence 
(IB)

 Use urinary catheters in operative patients only as necessary, rather 
than routinely (IB)

 For operative patients who require a catheter, remove it as rapidly as 
possible, preferably within 24 hours (IB)

CDC. http://www.cdc.gov/hicpac/pdf/CAUTI/CAUTIguideline2009final.pdf 
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PREVENTION:
APPROPRIATE INDICATIONS FOR A CATHETER

• Patient has acute urinary retention or bladder obstruction
• Need for accurate measurement of urinary output in critically ill patients
• Perioperative use for selected surgical patients

• Urological surgery or other surgery on contiguous structures of GU tract
• Anticipated prolonged duration of surgery (remove in PACU)
• Patient anticipated to receive large volume infusions or diuretics during 

surgery
• Need for intraoperative monitoring of urinary output

• To assist in healing of open sacral or perineal wounds in incontinent patients

Adapted from CDC: http://www.cdc.gov/HAI/pdfs/toolkits/CAUTItoolkit_3_10.pdf
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PREVENTION:
APPROPRIATE INDICATIONS FOR A CATHETER

Hooton TM, et al.  Clin Infect Dis 2010;50:626-663
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ALTERNATIVES TO INDWELLING URETHRAL 
CATHETERIZATION IN SELECTED PATIENTS

• Consider an external catheter in cooperative male patients 
without urinary retention or bladder outlet obstruction (II)

• Consider intermittent catheterization in spinal cord injury patients 
(II)

• Consider intermittent catheterization in children with 
myelomeningocele and neurogenic bladder (II)

• Intermittent catheterization is preferable to an indwelling urethral 
or suprapubic catheter in patients with bladder or emptying 
dysfunction (II)
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PREVENTION
• Use Standard Precautions during manipulation of the catheter or 

collection system (IB)
Not recommended:
• Changing indwelling catheters or drainage bags at routine, fixed 

intervals is not recommended.  Change based on clinical 
indications such as infection, obstruction or whether the system is 
compromised (II)

• Do not clean the periurethral area with antiseptics to prevent 
CAUTI while the catheter is in place (IB)  

• Unless obstruction is anticipated, bladder irrigation is not 
recommended (II) 

CDC. http://www.cdc.gov/hicpac/pdf/CAUTI/CAUTIguideline2009final.pdf59
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PREVENTION
• Urinary catheter insertion

 Perform hand hygiene before and after insertion (IB)

 Insert catheters using aseptic technique and sterile equipment (IB)

Use sterile gloves, drape, sponges, an appropriate antiseptic for periurethral 
cleaning, and a single-use packet of lubricant jelly for insertion

Routine use of antiseptic lubricants is not necessary

 Properly secure indwelling catheters after insertion (IB)

 If intermittent catheterization is used, perform it at regular intervals (IB)

• Catheter maintenance

 Following aseptic insertion, maintain a closed drainage system (IB)

 Maintain unobstructed urine flow (IB)

Adapted from CDC: http://www.cdc.gov/HAI/pdfs/toolkits/CAUTItoolkit_3_10.pdf
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PREVENTION

• Screening for and treatment of CA-ASB are not recommended to reduce 
subsequent CA-bacteriuria or CA-UTI in patients with short or long-term 
indwelling urethral catheters

• Screening for and treatment of CA-ASB are not recommended to reduce 
subsequent CA-bacteriuria or CA-UTI in patients with neurogenic bladders 
managed with intermittent catheterization

• Screening for and treatment of CA-ASB are not recommended to reduce 
subsequent CA-bacteriuria or CA-UTI in other patients, except in pregnant 
women and patients who undergo urologic procedures for which visible 
mucosal bleeding is anticipated

Hooton TM, et al.  Clin Infect Dis 2010;50:626-663
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PREVENTION

• Routine instillation of antiseptic or antimicrobial solutions into the 
urinary drainage bags is not recommended (II)

• Further research is needed on the effect of 
antimicrobial/antiseptic-impregnated catheters in reducing the 
risk of symptomatic UTI (no recommendation)

• Further research is needed on the benefit of spatial separation of 
patients with urinary catheters (no recommendation)
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PREVENTION

• Quality Improvement Programs
 Assure appropriate utilization of catheters

 Remove catheters when no longer needed

 Education and performance feedback regarding appropriate 
use, hand hygiene, and catheter care

 Algorithms for perioperative management (removal, urinary 
retention)
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SUMMARY OF PREVENTION MEASURES

CORE MEASURES
• Insert catheters only for appropriate 

indications

• Leave catheters in place only as long as 
needed

• Only properly trained persons insert and 
maintain catheters

• Maintain a closed drainage system

• Maintain unobstructed urine flow

• Hand hygiene and standard (or 
appropriate isolation precautions)

SUPPLEMENTAL MEASURES
• Alternatives to indwelling urinary 

catheterization

• Portable ultrasound devices to reduce 
unnecessary catheterizations

• Antimicrobial/antiseptic impregnated 
catheters (consider if CAUTI rates not 
decreasing after implementing 
comprehensive strategy)

Adapted from CDC: http://www.cdc.gov/HAI/pdfs/toolkits/CAUTItoolkit_3_10.pdf
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STRATEGIES NOT RECOMMENDED
FOR CA-UTI PREVENTION

• Complex urinary drainage systems (e.g., antiseptic-releasing cartridges in 
drain port)

• Changing catheters or drainage bags at routine, fixed intervals (clinical 
indications include infection, obstruction, or compromise of closed system)

• Routine antimicrobial prophylaxis
• Cleaning of periurethral area with antiseptics while catheter is in place (use 

routine hygiene)
• Irrigation of bladder with antimicrobials
• Cranberry products
• Instillation of antiseptic or antimicrobial solutions into drainage bags
• Routine screening for asymptomatic bacteriuria

Adapted from CDC: http://www.cdc.gov/HAI/pdfs/toolkits/CAUTItoolkit_3_10.pdf
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PREVENTION STRATEGIES WITH 
POSSIBLE BENEFIT

• Antiseptic and antimicrobial-coated catheters-available 
data do not support routine use

• Prophylaxis with antimicrobial agents-routine use 
discouraged

• Methenamine salts-overall, the data are unconvincing in 
reducing risks in patients managed with long-term 
indwelling catheterization
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