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My research program is focused on evaluating the clinical epidemiology of healthcare
associated infections, particularly central line-associated bloodstream infections, 
surgical site infections and methicillin-resistant Staphylococcus aureus, and evaluating 
the effectiveness of interventions to reduce healthcare-associated infections. Ongoing 
studies include a cluster-randomized trial to evaluate the effectiveness of positive 
deviance, an observational study to evaluate post-operative clinical risk factors for 
development of surgical site infection, and the development of a predictive electronic 
medical record-based risk model for surgical site infection. The overall goal of the 
research program is to enhance patient safety, quality of care and disease outcomes 
related to healthcare-associated infections. 

The Parkland hospital epidemiology and infection prevention program is designed to 
identify patients with healthcare-associated infections, educate caregivers on mitigating 
infection risk, and reduce the risk of developing these infections among patients and 
employees. Recent improvements in infrastructure include rep-PCR lab for strain typing 
within the Parkland microbiology laboratory, and acquisition of data mining software 
specifically targeted for infection control and antimicrobial stewardship. Additional 
complementary processes for data refinement include the increased use of data from 
electronic medical records, the Patient Safety Net®, and the University HealthSystem 
Consortium®. The program also serves as the core site for mandatory hospital 
epidemiology rotation for fellows in Infectious Diseases beginning this academic year. 
The program is poised to be a center for infection prevention excellence in the 
community and beyond. 

Learning Goal and Objectives: 

The goal is to evaluate best practices for preventing healthcare-associated infections 
and to identify opportunities beyond best practice. Achieving an infection-free hospital 
stay for patients will require integration of infection prevention into routine bedside 
clinical care. The objectives are: 

1. To be aware of best practices for prevention of healthcare-associated infections 
2. To recognize the limitations of known best practices and approaches to 
implement them 
3. To understand rationale and to identify opportunities for newer approaches 
beyond best practices to prevent healthcare-associated infections 
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Introduction 

In the United States, approximately 1.7 million healthcare-associated infections (HAl) 
occur every year leading to 99,000 deaths 1 per estimates from the Centers for Disease 
Control and Prevention (CDC). These infections result in excess healthcare costs of 
$28-33 billion annually.2 Of these 1.7 million HAl, 33% are urinary tract infections, 17% 
are surgical site infections, and 14% each are pneumonia and bloodstream infections. 
Twenty five percent of these infections occurred in the intensive care units (ICUs) while 
the remaining 75% occurred outside of the ICUs.1 

History of Infection Prevention 

The history of HAl prevention is over two thousand five hundred years old.3 Historians 
who described the hospital wards in Greece in the 5th Century BC described that they 
provided for an abundance of pure fresh air for the sick. The Charaka Samhita, ancient 
Indian textbook on medicine stated that a building caring for the sick shall be spacious 
and roomy, and the attendants for the sick should be distinguished for cleanliness of 
habits. There are several examples of infection prevention measures in European 
history of the medieval and the renaissance period. In 16th century AD, a German 
surgeon called Caspar Stomayr advocated for pre-operative shower and shaving to 
'cleanse' the body prior to surgery, while a French surgeon Ambroise Pare· advocated 
for use of wound debridement and simple dressings instead of using boiling oil and red
hot iron to prevent wound infection. The historical milestones are outlined in figure 1 
below. 

Figure1. Historical milestones in infection prevention and control 

Greek hospital ward : "provision of abundance of pure fresh air for the sick ... " 

Charaka-Samhita : "shall be spacious and roomy . . a body of attendants of good 
behaviour, distinguished for purity and cleanliness of habits ... " 

Caspar Stomayr (Germany)- pre-operative shower and shaving; 
Ambroise Pare (France)- wound debridement and dressing 

lgnaz Semmelweis - chlorine hand wash 

Florence Nightingale- epidemiologic analysis of mortality in the 
Army and presented data using polar area diagrams 

Joseph Lister- aseptic surgery 

Koch's postulates published 
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The introduction of chlorine hand wash by lgnaz Semmelweis in 1847 and subsequent 
demonstration of decreased mortality rates due to puerperal sepsis was a landmark in 
the history of infection prevention and control. A few years later in 1854-56, Florence 
Nightingale studied the epidemiology of mortality in the army and presented data 
graphically using polar area diagrams. She drew attention to the finding that majority of 
deaths were caused by "preventable or mitigable zymotic (infectious) diseases". In 
1860, Joseph Lister discovered the antiseptic properties of carbolic acid and 
demonstrated reduction in post-operative mortality with surgical antisepsis. It was only 
much later in 1890 that Koch's postulates were published and the germ theory of 
disease gained better acceptance in the medical community. 

In the 20th century, antimicrobial agents were discovered that revolutionized treatment 
and prevention of infections. With the establishment of the Joint Commission for 
Accreditation of Healthcare Organizations in the late 1970s, re~ulatory standards were 
stipulated for hospital infection prevention in the United States. Hospitals incorporating 
four essential components in their infection control programs reduced rates of HAl by 
32%, per the pioneering work done by Robert Haley and colleagues at the CDC. The 
four essential components per the Study on Efficacy of Nosocomial Infection Control 
(SENIC)5

-
6 are (i) surveillance with feedback of infection control rates to hospital staff, 

(ii) enforcement of preventative practices, (iii) a supervising infection preventionist to 
collect and analyze surveillance data, and (iv) the involvement of a physician or 
microbiologist with specialized training in infection prevention and control. 

The 21st century has been characterized by heightened scientific, social and legislative 
attention to healthcare-associated infections. The Institute of Medicine report7 published 
in 2001 played a critical role in raising everyone's awareness on the magnitude of 
preventable errors. Alcohol-based hand rub was endorsed by the CDC in 2002. Illinois 
became the first state to require public health reporting of HAl in 2003. Currently, thirty
two states including Texas require mandatory reporting of HAl. In 2004, the World 
Health Organization launched the World Patient Safety program to coordinate, 
disseminate and accelerate improvements in patient safety worldwide.8 The five 
moments for hand hygiene campaign was launched in 2005, as a major global effort to 
improve hand hygiene in healthcare.9 In the United States, beginning with the deficit 
reduction act in 2005, several financial incentives and disincentives were created to 
increase accountability of hospitals in preventing HAl. Concurrently, several advances 
have been made in research related to HAl and their prevention. 

Terms and Definitions 

The CDC defines healthcare-associated infection as a localized or systemic condition 
resulting from an adverse reaction to the presence of an infectious agent(s) or its 
toxin(s). 10 There must be no evidence that the infection was present or incubating at the 
time of admission to the acute care setting. HAis may be caused by infectious agents 
from endogenous or exogenous sources. Endogenous sources are body sites, such as 
the skin, nose, mouth, gastrointestinal (GI) tract, or vagina that are normally inhabited 
by microorganisms. Exogenous sources are those external to the patient, such as 
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patient care personnel, visitors, patient care equipment, medical devices, or the 
healthcare environment. 10 

The National Health Safety Network (NHSN) is the branch of the CDC that oversees 
surveillance for HAl in the United States. It has over 4000 participating hospitals. The 
NHSN establishes surveillance definitions for HAl. Briefly, central line-associated 
bloodstream infection (CLABSI)10

-
11 is defined as occurrence of bloodstream infection in 

the presence of a central venous catheter within the 48-hours prior to the development 
of infection. Catheter-associated urinary tract infection (CAUTI)10

-
11 is defined as the 

occurrence of clinical signs and symptoms of urinary tract infection and a positive urine 
culture meeting pre-specified criteria, in a patient with an indwelling urinary catheter 
within 48-hours prior to onset of infection. Surgical site infection (SSI)10

-
11 is defined as 

occurrence of one of the following within 30 days (one year if prosthesis present) from 
the date of the surgery: development of purulent drainage, fever (>38°C), redness and 
tenderness, positive wound culture from aseptically obtained specimen, development of 
abscess or diagnosis of surgical site infection by a surgeon or attending physician. 
Healthcare-associated pneumonia (HAP) and ventilator-associated pneumonia (VAP) 
are also defined per the CDC-NHSN criteria. 10

-
11 Briefly, to meet the definition, a patient 

must have radiographic evidence of a new or progressive infiltrate, consolidation or 
cavitation; fever (>38°C), white blood cell count <4000/mm3 or >12000/mm3

, and new 
onset of purulent sputum, cough or shortness of breath or increasing oxygen 
requirements. For VAP, the patient must have been on a ventilator during the 48-hour 
period prior to the onset of symptoms of pneumonia. Clostridium difficile infection 
(CDI)12 is defined as presence of symptoms of diarrhea or toxic megacolon combined 
with a positive result of a laboratory assay and/or endoscopic or histopathologic 
evidence of pseudomembranous colitis. 

Best Practice is a method or technique that has consistently shown results superior to 
those achieved with other means, and that is used as a benchmark. A bundle 13 is a set 
of 3-5 best practices that are effective in preventing a specific HAl. The Institute for 
Healthcare Improvement is one of the main drivers of this concept. A checklist is a tool 
modeled after its successful use in the airline industry, which serves as a reminder to 
use bundled best practices during patient care includin~ performing procedures. The 
surgical safety checklist 14 and the central line checklist 5 are excellent implementation 
tools that have led to decreased rates of HAl. 

Brief Overview of Etiology of Healthcare-Associated Infections 

Many pathogens cause HAl. They include bacterial, fungal, viral and parasitic 
pathogens, bacterial causes being the most common. Methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus (VRE), multi-drug 
resistant gram-negative bacilli, and Clostridium difficile are of particular interest. 
Candida spp. also cause significant HAl. Although there are multiple modes of 
transmission of pathogens in the hospital setting, the most common mode of 
transmission is via touch. Touching any part of the patient or an indwelling device with 
contaminated hands or equipment places the patient at risk for pathogen acquisition. 
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Inappropriate antimicrobial use leads to acquisition of drug-resistant bacteria in two 
different ways. Firstly, antimicrobial agents remove normal flora and leave the patient 
vulnerable to acquire a different, often drug-resistant pathogen introduced by 
contaminated hands or equipment. Secondly, they apply selection pressure and allow 
growth of drug-resistant bacteria previously present in small inoculums. The 
pathogenesis of HAl involves a complex interplay of multiple factors as outlined in figure 
2 below. The list of factors in the figure is not all-inclusive. Teams of caregivers and 
institutions differ in their ability to prevent HAl even when the patient and pathogen 
factors remain constant. 

Figure2: Predisposing factors for development of HAl 

Colonization 
Pressure 

Variation in practice of 
infection prevention 

Variation in awareness 
and risk perception 

Variation in interest 
and ability to change 
habits -----J.. 

Best Practices to Prevent Healthcare-Associated Infections 

Standard-of-Care Infection Prevention and Control Approach 

The typical approach to infection prevention consists of focused surveillance for HAl 
and implementation of preventive measures driven by the infection control department 
and hospital leadership. Infection prevention interventions are usually best practices 
recommended by professional organizations. Implementation efforts are designed as 
'projects' or 'initiatives' targeted against a particular type of infection and led by a project 
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leader who is an infection preventionist or a quality improvement professional. These 
project leaders run the risk of being viewed by frontline caregivers as 'external people'. 
The projects may have pre-specified reduction goals and associated with financial and 
social incentives. Ownership lies frequently with the infection prevention and control 
department and transfer of ownership to local units upon completion of these projects is 
often a challenge. 

Best Practices 

Hand hygiene,9
• 

16 standard precautions, isolation precautions and prudent antimicrobial 
use are fundamental measures to prevent HAl. Evidence for effectiveness of these 
measures in preventing HAl is based primarily on biologic plausibility and experience 
with HAl and outbreak control. These measures, particularly hand hygiene, are explicitly 
included in the bundled interventions to prevent HAl. 

In recent years, bundles of care have emerged as a key concept in infection prevention 
and control. It is not necessary for the components of any given bundle to be constant. 
These components are evidence-based and typically selected by experts and endorsed 
by professional organizations. Hospital programs may modify the components of a 
given care bundle per institutional or regional needs. For example, the 'European 
ventilator care bundle'17 is different from the bundle commonly used in the United 
States. It consists of the following components: 1) no ventilator circuit tube changes 
unless specifically indicated, 2) strict hand hygiene practice with the use of alcohol
based hand rub, 3) appropriately educated and trained staff, 4) sedation vacation and 
weaning protocol, and 5) oral care with the use of chlorhexidine. 

Figure3: Best practices to prevent HAl 

Fundamental Infection Prevention Practices 
Hand Hygiene 
Standard Precautions 
Isolation Precautions 
Prudent Antimicrobial Use 

Central Line Bundle 
Hand Hygiene 
Subclavian site 
Chlorhexidine Skin Prep 
Maximal Sterile Barrier Precautions 
Daily review of necessity 

Ventilator Bundle 
Head of Bed elevation 30-45° 
Sedation Vacation 
Venous thromboembolism prophylaxis 
Gastrointestinal bleed prophylaxis 
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Urinary Catheter Bundle 
Aseptic insertion and maintenance 
Bladder ultrasound 
Condom or intermittent catheterization 
Do not use unless you must! 
Early removal 



Implementation of the central line bundle has resulted in reduction of CLABSI in several 
hospitals. One of the most prominent examples is the Keystone study conducted by 
Peter Pronovost et al 15

• 
18 in over a hundred intensive care units in Michigan. With the 

implementation of central line bundle in these ICUs, the mean and median rates of 
CLABSI decreased from 7.7 and 2.7 (interquartile range 0.6-4.8) at baseline to 1.3 and 
0 (0-2.4) at 16-18 months and to 1.1 and 0 (0.0-1.2) at 34-36 months post
implementation. Another notable demonstration of the effectiveness of the central line 
bundle came from the Pittsburgh Regional Healthcare lnitiative.19 In this initiative, the 
pooled mean rate of CLABSI per 1 ,000 central line days in participating ICUs decreased 
by 68%, from 4.31 to 1.36 (p<0.001) over a four-year period. 

Berenholtz and colleagues20conducted a collaborative study among 112 ICUs to reduce 
VAP using the ventilator bundle. They reported decrease of overall median VAP rate 
from 5.5 cases (mean, 6.9 cases) per 1,000 ventilator-days at baseline to 0 cases 
(mean, 3.4 cases) at 16-18 months after implementation (P<0.001) and 0 cases (mean, 
2.4 cases) at 28-30 months after implementation (P<0.001 ). The components of the 
ventilator bundle used in their study were semi-recumbent positioning to decrease the 
risk of VAP, stress ulcer prophylaxis to decrease gastrointestinal bleeding, prophylaxis 
to decrease deep venous thrombosis, adjustment of sedation until the patient can follow 
commands, and daily assessment of readiness to extubate. Several other studies 
reported similar results. 21

-
22 

In a national collaborative effort to prevent surgical site infections, the Surgical Care 
Improvement Project (SCIP)23 was designed and implemented nationally in the United 
States. In a large study reported by Stulberg et al24 including 405,720 hospital 
discharges after surgery, demonstrated adherence to SCIP was associated with a 
decreased likelihood of developing a postoperative infection from 14.2 to 6.8 
postoperative infections per 1000 discharges (adjusted odds ratio 0.85; 95% confidence 
interval 0.76-0.95). In a multi-hospital collaborative studj5 with forty-four hospitals that 
reported data on 35,543 surgical cases, hospitals improved in measures related to 
appropriate antimicrobial agent selection, timing, and duration; normothermia; 
oxygenation; euglycemia; and appropriate hair removal. Concurrently, the rate of SSI 
decreased 27%, from 2.3% to 1.7% during the 9-month study period. 

Bundled care practices to prevent CAUTI are relatively new in infection prevention. 
Computerized reminders to discontinue urinary catheters have been shown to be very 
effective in preventing healthcare-associated CAUTI. In a systematic review and meta
analysis of reminder systems to discontinue urinary catheters, 26 the rate of CAUTI 
(episodes per 1000 catheter-days) was reduced by 52% (P < .001) with the use of a 
reminder or stop order. The intervention resulted in 2.6 fewer days of catheterization (a 
37% reduction) per patient compared to the control population. In a study by Topal et 
al.,27 the CAUTI rate decreased by 73% (36/1000 catheter-days to 11/1000 catheter
days; P < .001) and 81% reduction in device use over 2 years with use of computer 
order entry and a nurse directed protocol for insertion and maintenance of urinary 
catheters. The components of the 'urinary catheter bundle' or the 'bladder care bundle', 
are shown in figure 3 above. 
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Limitations of Best Practice Approach 

As discussed in the preceding section, best practices are extremely important in 
preventing healthcare-associated infections. However, the best practice approach has 
significant limitations. There are critical ~a~s in the scientific evidence base of 
pathophysiology and prevention of HAl. a- 9 One of the obvious limitations of the 
bundled best practices approach is that if effective, it is not possible to know the relative 
effectiveness of different components. Some of the key limitations of best practice 
based infection prevention approach are discussed in the following sections. 

Wide Variation in Rate of Infections 

The rates of HAl vary among the different types of patient care units, presumably due to 
differences in patient population. However, there is a wide inter-hospital variation in 
rates of HAl in any given type of patient care unit, among hospitals of similar type and 
size. A review of the rate of CLABSI reported by several hundreds of participating 
hospitals to the Centers for Disease Control - National Health Safety Network (CDC
NHSN) illustrates this variation. The interquartile range for rate of CLABSI in medical
surgical intensive care units (ICUs) in major teaching hospitals reported in 2002-04, 
2006-08, and 2009 was 2.6-5.1, 0.6-2.9, and 0.3-2.4 CLABSI per 1000 catheter days.30

-

32 In the Keystone Michigan ICU project, 15 teaching hospitals and larger hospitals had 
less improvement in rates of infection in response to the intervention, i.e., the use of 
central line bundle. For teaching hospitals in the study, the interquartile range was 1.3-
4.7 at baseline and it improved to 0-2.7 after 16-18 months of implementation. For non
teaching hospitals, the interquartile range was 0-4.9 at baseline and it improved to 0-1.2 
after 16-18 months of implementation. This study did not discuss the changes in rate of 
CLABSI in outlier hospitals or the characteristics of those hospitals. The magnitude of 
this variation directs one's attention to the role of organizational complexity in the rates 
of HAl and their responsiveness to interventions. Several experts have noted that 
complexity within organizational environment and the patient safety climate33

-
35 present 

challenges to successful implementation and uptake of recommended preventive 
strategies. 

Best Practices do not Always Lead to Better Outcomes 

Process measures and outcome measures do not always correlate with each other. 
There is significant ambiguity in evidence-based guidelines.36 Moreover, some studies 
have shown that implementation of best practices and prevention guidelines have not 
yielded desired results. In a study conducted at a public academic hospital among 
patients undergoing hysterectomy, colon surgery, neurosurgery and vascular surgery, 
patients who received peri-operative antimicrobials per recommended SCIP guidelines 
(figure 3) did not have a lower rate of infections.37 The rate of SSI in patients who 
received peri-operative antimicrobials per recommended guidelines was 6.9% (42/611) 
vs. 3.3% (5/152) in those who did not (P value = 0.13). This lack of difference remained 
even after performing stratified analyses by their NHSN risk index category10 for 
developing SSI. The NHSN risk index categories are based on three major risk factors-
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operation duration lasting more than the duration cut point hours for the type of surgery, 
contaminated or dirty/ infected wound class and American Society of Anesthesiologists 
score of 3 or higher. Interestingly, the SSI rate in patients undergoing colon surgery who 
received the recommended peri-operative antimicrobial prophylaxis was significantly 
higher (34.2% vs. 13.9%; p=0.03). Pastor et al38 reported that in patients undergoing 
colorectal surgery, the rate of SSI (19%) did not change significantly when compliance 
with all SCIP measures per patient improved significantly from 40% to 68%. A larger 
study among 211 hospitals participating in the American College of Surgeons National 
Surgical Quality Improvement Project showed that hospital-level compliance with 
recommended practices to prevent SS I ranged from 60% to 1 00%. Of the 16 
correlations, 15 demonstrated non-significant associations with risk-adjusted outcomes. 
The exception was the relationship between choice of peri-operative antimicrobial agent 
and SSI (p = 0.004).39 

Local Practices may Complement or Override Best Practice 

Locally prevalent practices that do not frequently receive attention in national guidelines 
also play a significant role in causing or preventing HAis. An example of complementary 
practice would be the presence of a unit manager who ensures adequate infection 
prevention supplies on any given unit. An example of local practice that contributed to 
occurrence of CLABSI at one hospital is the use of a central 0.9% saline solution bag at 
the bedside for drawing flushes for intravenous catheters.40 These local practices may 
partly explain why process measures and outcome measures do not always correlate 
with each other. 

Changing Human Behavior and Practice is Complex 

Behavior change is a complex process. Human factors contribute significantly to the 
development of adverse events in healthcare.33

· 
41 lncorroration of guideline 

recommendations is a slow and complex process. 34
-
36

• 
4 A recent study conducted by 

Huskins and colleagues to prevent transmission of MRSA and VRE43 illustrated these 
complexities. The study was a cluster-randomized trial among 18 ICUs in large 
academic medical centers, 10 ICUs in the intervention arm and 8 ICUs in the control 
arm. The intervention was active surveillance cultures for MRSA and VRE, universal 
gloving while awaiting results and contact isolation precautions if cultures were positive 
for MRSA or VRE. The mean (+/-standard error) ICU-Ievel incidence of events of 
colonization or infection with MRSA or VRE per 1000 patient-days at risk, adjusted for 
baseline incidence, did not differ significantly between the intervention and control ICUs 
(40.4+/-3.3 and 35.6+/-3.7 in the two groups, respectively; P=0.35). The use of infection 
prevention measures was suboptimal in all the participating ICUs in the study. In the 
intervention ICUs, when contact precautions were specified, gloves were used for a 
median of 82% of contacts, gowns for 77% of contacts, and hand hygiene was practiced 
after 69% of contacts. When universal gloving was specified, gloves were used for a 
median of 72% of contacts and hand hygiene was practiced after 62% of contacts. In 
addition, the results of active surveillance cultures were available to the providers after a 
mean duration of 5 days from the date of culture. The study concluded that the 
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intervention was not effective in reducing the transmission of MRSA or VRE. The CDC 
interactive hand hygiene training module and educational flyers were used to increase 
healthcare worker adherence to hand hygiene and use of barrier precautions. The 
education was clearly not effective in improving adherence to infection prevention 
practices. 

Hawe et al44 have also reported lack of effectiveness of passive implementation of 
guidelines in changing caregiver practices. When the ventilator bundle was 
implemented in the ICU in a relatively passive manner with adoption of a policy, display 
of laminated copies of the bundle prominently at the bedside and encouragement to 
practice the components of the bundle, the rate of VAP did not improve. However, when 
the implementation was changed to an active process including staff education, process 
and outcome measurement, feedback to staff and organizational change, the rate of 
VAP improved from 19.2 VAP per 1000 ventilator-days during the passive 
implementation period to 7.5 per 1 000 ventilator-days during the active implementation 
period. 

Opportunities for Cross-contamination 

Cross-contamination occurs between different body sites within a patient, between 
patients and between the patient and environment. An observational study involving 286 
patients who underwent cardiac surgery45 found that patients who remained on a 
ventilator in the post-operative period and had endotracheal colonization with gram
negative bacteria at 1 week after surgery were more likely to develop subsequent 
infection compared to those without colonization (8 of 23 vs. 4 of 40; relative risk 2.3 
[95% confidence interval, 1.3- 4.1; P value <.05]). The species of gram-negative bacilli 
causing infection was the same as the species causing the colonization in the eight 
patients. Two pairs of available isolates were strain typed using Pulsed-field gel 
electrophoresis analysis. The isolates causing infection (1 CLABSI and 1 SSI) were 
indistinguishable from the isolates causing endotracheal colonization. The underlying 
mechanism of development of infection was either autogenous or due to extrinsic 
contamination of the surgical wound and central venous catheter ports with respiratory 
secretions in these patients. 

A different study by Sethi et al46 on patients with C.difficile infection found that the 
frequencies of skin (groin, chest, abdomen and hands) contamination and 
environmental shedding were high at the time of resolution of diarrhea (60% and 37%, 
respectively), were lower at the end of treatment (32% and 14%, respectively), and 
again increased 1-4 weeks after treatment (58% and 50%, respectively). Best practice 
approaches do not account for the various different opportunities to transmit pathogens, 
which may lead to development of HAl. 

Outbreak investi~ations have identified innumerable sources of potential contamination 
for the patients.4 48 Without sophisticated data mining systems, hospitals are unable to 
detect small temporo-spatial clusters.49 Outbreaks with emerging strains of bacteria 
such as the carbapenem-resistant Enterobacteriaceae are increasingly reported in the 
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literature. 5°-
51 Control measures during outbreaks and some times between outbreaks 

do need to go beyond known best practices for obvious reasons. 

Do Patient Safety Practices Unrelated to Infection have a Role? 

In an observational cohort with nested case-control study to identify predictive factors 
for development of MRSA infection among patients nasally colonized with MRSA, 52 the 
factors that were independently associated with development of subsequent infection 
are development of pressure ulcer during hospital stay [Adjusted Odds Ratio 5.82; 95% 
Confidence Intervals 2.21 - 15.31; p-value = 0.000] and pre-admission steroid therapy 
[AOR 13.2 (2.44 - 70.97); p-value = 0.003]. This study is limited by being a single 
institutional study with a small number of patients. However, the suggestion that other 
patient safety practices may influence development of HAl appears plausible, because 
the patient safety climate is a common denominator for all patient safety events. 

Infection Prevention Approaches Beyond Best Practice 

Recommendations to reduce HAl fall into two broad categories- technical and 
adaptive. Technical strategies constitute the majority; notable examples are use of 
alcohol hand rub for hand hy~iene, 53 and use of perioperative antibiotics to prevent 
surgical site infections (SSI). 4 Most best practices are based on technical strategies, 
some of which have existed for over three decades. Variability in success and 
sustainability of these strategies is typical. 

One major reason for this variability is that healthcare organizations are complex 
adaptive systems. 55

-
56 An adaptive system is a set of interacting or interdependent 

entities that respond to internal or external stimuli for change. Adaptive HAl prevention 
strategies account for organizational and cultural com~lexity in healthcare systems. 
Approaches such as bundles 13

• 
54

• 
57

-
59 and checklists3 

· 
60 reduce mental workload and 

increase adherence and reliability. Further strategies to increase staff engagement 
while factoring in local organizational and cultural characteristics are necessary. Novel, 
promising, adaptive approaches that address these complexities in healthcare are 
comprehensive unit based safety program (CUSP)61 and positive deviance (PD).33

· 
62

-
63 

Table 1. Examples of different approaches to HAl prevention 

Technical Adaptive 
Vertical04

-
05 Active Surveillance for Positive deviance approach to 

(pathogen- specific) MRSA66 reduce HAl caused by MRSA67 

Horizontalt!4-o:> Alcohol hand rub for hand PO for imr.rovement of hand 
(pathogen non- hygiene 53 hygiene, 6 

-
69 CUSP for reduction of 

specific) CLABSI 18
· 

70 
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The recently published results of the national Veterans Affairs initiative demonstrated a 
significant reduction in HAl caused by MRSA in VA hospitals.67 The intervention was an 
'MRSA bundle' consisting of active surveillance for MRSA, placement in contact 
precautions if a patient is found to have MRSA, hand hygiene, and an institutional 
culture change strategy whereby infection control became the responsibility of everyone 
who had contact with patients. This culture change strategy was an adaptation of 
positive deviance. The study used a quasi-experimental before-after design. Nearly 2 
million admissions, transfers, or discharges in 150 hospitals with 196 ICUs and 428 
non-ICUs were included in the data. Between October 2007, when the MRSA bundle 
was fully implemented, and the end of June 2010, the rates of healthcare-associated 
MRSA infections declined by 62% in intensive care units (ICUs) and by 45% in non
ICUs. The study also reported a reduction in HAis caused by VRE and C. difficile, 
indicating that infection prevention approaches used might have had a cross-protective 
effect. 

Positive Deviance 

Positive Deviance (PD)33
• 
62

• 
67 is a novel asset-based, problem-solving, bedside 

provider-driven approach. The PD approach learns from the natural variation in 
experiences, practices, strategies and behaviors of individual staff members. PD is 
based on appreciative inquiry techniques. 71 Positive deviant practices and behaviors 
that arise from local collective intelligence are identified. Positively deviant individuals 
who have comprehended infection prevention principles are also identified. Their PD 
behaviors and practices are amplified within the local population to cause improved 
outcomes. The PD approach is effective in redesigning work practices and fostering 
organizational change.72

"
73 This approach has been used effectively to improve 

adherence to hand hygiene68
-
69

• 
7 in addition to reduction of HAl caused by MRSA.67

• 
75

-
78 

PD approaches have also been used successfully in other quality improvement studies 
to improve smokin~ cessation, 79 weight loss80 and outcomes related to other chronic 
health conditions.8 Because of reliance on locally available resources, the approach 
may be cost-effective although previous studies have not addressed this issue. 

PD is in contrast to the Toyota production system (TPS) or lean management 
approach82 to quality improvement. TPS approach is the traditional approach to 
infection prevention in most hospitals, and it is based on failure or defect analysis. The 
shared strengths between PD and TPS are attention to organizational culture, 
leadership support, norms of behavior, intergroup dynamics, and power relations in the 
setting they are implemented. The two major differences between the approaches are 
that PD assumes that the effective practices already exist and the source of these 
practices is within the organization (the focus is on learning from exceptional examples). 
The PD approach turns the conventional failure analysis approach on its head and 
focuses on analr.sis of success, the converse of Reason's Swiss Cheese Model for an 
adverse event.4 

· 
83 
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Comprehensive Unit-based Safety Program (CUSP) 

The comprehensive unit-based safety program (CUSP) is used to improve culture and 
guide organizations in learning from mistakes that are important, but cannot be 
measured as rates.84 The components of CUSP are educating staff on science of 
safety, identifying defects, engaging executives, learning from defects and implementing 
teamwork tools. 'On the CUSP: stop BSI' (Principal Investigator: Peter J Pronovost) is 
an ongoing national study funded by the Agency for Healthcare Research and Quality 
(AHRQ) on implementation of CUSP to reduce CLABSI. An interim report released on 
April 5, 2011 by the AHRQ stated that a 35 percent reduction in CLABSI (from 1.8 to 
1.17 infections per 1000 central line days) has been achieved among adult intensive 
care units that are participating in this project. Currently, over 1100 hospitals from 45 
states are participating in this project. On the CUSP: stop CAUTI (PI: Sanjay Saint) is 
another ongoing study funded by the AHRQ. 

Technical Solutions, Social Media and Data Systems 

In today's technology-driven world, there are several technical advances being made in 
infection prevention and control. Use of daily chlorhexidine bathing of patients in the 
ICU,85-86 use of antimicrobial impregnated catheters,87-88 advanced environmental 
disinfection systems, 89-90 specially engineered textiles, 91 -92 radio frequency identification 
technology,93 etc. have an important role to play in prevention of HAl. Discussion of 
these strategies is beyond the scope of this article. Use of technology alone is 
inadequate in solving patient safety problems. 

Social media websites such as YouTube, Facebook, Twitter, Second Life, have radically 
altered the way people communicate and interact with each other. They are excellent 
platforms for engaging and educating people.94 Newer electronic data systems offer 
new possibilities for surveillance and subsequent prevention of healthcare-associated 
infections. 95 

Horizontal vs. Vertical Approaches to Prevent HAl 

There is a strong debate in infection prevention on whether horizontal (pathogen non
specific) approaches to prevent HAl or vertical (approaches targeted against a single 
pathogen, e.g., MRSA) approaches are more efficient. As resources are limited in most 
settings, horizontal approaches are considered by some experts to be more cost
effective.64-65· 96 There have been a recent shift in global health funding towards 
horizontal programs.97 

Rationale for Comprehensive Horizontal Approaches 

During every patient's hospital stay, each encounter between patient and healthcare 
provider presents numerous opportunities for contamination with pathogens (Figure 
4).98 
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Figure 4. Numerous opportunities for contamination of patient 
with pathogens. Image from Sax, H. et al. (Am J Infect Control 
2009;37:827-34). Examples of critical sites associated with 
infectious risks for the patient and/or body fluid exposure risks 
for healthcare worker (HCW): 1, mucous membranes of eyes 
and mouth; 2, tracheostoma; 3, infusion access port; 4, 
peripheral venous line access port; 5, urogenital mucosa; 6, 
wound; 7, bed linen soiled with blood. The black-and-white 
disks represent critical sites associated with risks for both 
patient and HCW; the black disk, critical sites with body fluid 
exposure risk for the HCW. 

These opportunities for contamination are dynamic during a patient's hospital course. 
For this reason, multiple infection prevention practices including hand hygiene, asepsis 
during procedures such as venous catheter placement, clean catheter care, 
environmental hygiene and prudent use of antimicrobials must be utilized synchronously 
for all patients at all times. Achieving simultaneous use of all the multiple infection 
prevention practices during routine clinical care is challenging. HAl reduction is currently 
limited by addressing each type of HAl individually. The traditional approach tends to 
allow healthcare workers to think of individual HAl as completely distinct and unrelated 
entities. (e.g., catheter-associated urinary tract infection (CAUTI) is completely 
unrelated to CLABSI; infections caused by MRSA are completely unrelated to infections 
with gram-negative bacteria.) This notion is reinforced by prevention guidelines that 
address individual HAis. Although this traditional perspective is helpful for some aspects 
of prevention (e.g., making central line insertion kits available), it is only partially 
applicable during day-to-day patient care. The underlying mechanisms for development 
of HAl, i.e., alteration of skin, gastrointestinal or respiratory flora due to antibiotic 
therapy, contamination of indwelling devices such as central venous catheter, peripheral 
venous of arterial catheter, urinary catheter, or contamination of non-intact skin (e.g., 
surgical incision, wounds) are similar. The underlying principles of transmission for 
different pathogens (e.g., C.difficile, MRSA, gram-negative bacteria) are also similar. 
For these reasons, a comprehensive, horizontal (pathogen non-specific) approach to 
infection prevention is necessary and relatively novel. Firstly, it is important from a 
patient perspective. Secondly, it is important from the perspective of a healthcare 
worker providing direct patient care. 

Infection-free Stay for Hospital Inpatients: 

Unless an infection was incubating or present at admission, an admitted patient should 
be infection-free through the duration of hospitalization. This concept of an infection-free 
hospital stay is consistent with a patient-centered approach7 to improving quality of care 
for patients including HAl prevention. National patient safety goals99 and national 
guidelines 100 discuss specific HAis. However, this concept of an infection-free hospital 
stay is not widely discussed in published literature. It is possible that healthcare workers 
who are able to integrate several different, but related infection prevention measures 
such as hand hygiene, standard precautions, isolation precautions, antimicrobial 
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stewardship, etc. into their daily work processes are more likely to accomplish the goal 
of an infection-free hospital stay for their patients compared to those who do not. 

FigureS: Factors potentially leading to an infection-free hospital stay 

Pathogen 

Coordinated policies 

Staffing ratio 

System 
responsive to 

change .---------. 
System Process 

(Boxes in grey show factors that are largely non-modifiable by caregivers) 

Conclusion 

Currently known best practices to prevent healthcare-associated infections have 
resulted in substantial improvements. However, they have significant limitations. Next 
level infection prevention approaches should be patient-centered and integrated into 
overall clinical care. The approaches must factor in scientific, social, organizational, 
cultural, regulatory and economic factors that influence HAl prevention. Approaches that 
account for organizational complexities will further improve patient safety, save lives 
and decrease healthcare costs. 
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