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PREFACE

"At the end of January in a family composed of a woman and three children, two of the children were attacked and died in less than forty eight hours. Fifteen days later the disease appeared in another family in the neighbourhood composed of a father, mother and five infants, four of whom were attacked almost at the same time, and all died from the tenth to the twelfth of February, after having been sick fourteen to fifteen hours with striking symptoms of malignancy. ... One did not realize how much these rapid and numerous deaths could produce terror., although we did not doubt that there was a malignant contagious fever against which one should take the greatest precautions. As a consequence all the furniture and clothing of the two families were burned."

From a description of epidemic meningocococcal meningitis during the preantibiotic era, by Gaspard Vieusseux in Journal de Medicien Chirurgie Pharmacie, 1806, x1, 163, in Major RH "Classic Descriptions of Disease" on page 188 of the Third Edition.
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I. Executive Summary

We are standing at the brink of a deadly return to the preantibiotic era, a world described in this report’s preface.  A global trend of increasing drug resistance, but with wide variations at local levels, is well-documented in the research literature.  The public health consequences of these infections are sufficiently severe to have triggered program priority advisory notices from the World Health Organization, a growing number of national as well as state or provincial government agencies, and professional associations.  Morbidity, mortality, and increased costs have been described in select patient groups, but few studies define the actual burden of illness in a detailed, national, comprehensive manner.  There are gaps in knowledge, but a body of evidence demonstrating that it is possible and cost-effective to intervene early in this problem is developing.  A multifaceted approach is needed to address the many dimensions of this problem as resistance within a wide range of microbes is emerging not only in hospitalized populations, but also in human communities and food animal production businesses.  These resistant organisms do not respect geographic boundaries, spreading rapidly once introduced and established by cross-border commerce and travel.

· Compared to the United States, Canada has a relatively low but increasing level of drug resistance. 

· Today’s relatively low prevalence and cost are good news in that preventive measures can be more cost-effective and more likely to succeed than if high levels were already present.  Compared to other countries, Canada has the advantage of relatively low current levels of drug resistance as well as good features on which to build (surveillance networks exist, as do formulary controls and prescription requirements governing use of antimicrobials; pertinent guidelines have been issued).

· Today’s relatively low prevalence and cost can create a false sense of security: Since we don’t know why Canada fortunately lags some other countries, since Canadian infrastructure to deal with this problem is patchwork and fragmented, and since considerable applied research is required to guide efforts, a strategy of quick fixes introduced late in the course of events would be dangerous.

· Canadians who have suffered drug resistant infections endure physical, emotional, financial and psychological harm.  In this report, we describe their pain but cannot place a dollar value on these indirect human costs. 

· This project is the first attempt, to our knowledge, at creating a comprehensive assessment of the human and financial burden from drug-resistant infections, as well as a financial projection model (a Markov model) that permits refinement of estimates as more information becomes available.

· We estimate the current direct cost dollar value impact, the marginal cost, of accommodating and treating such infections in hospital. 

·  Our model suggests that these infections add at least $14.2-25.5 million (which is about $8.7-13.9 million more than those infections would have cost had they been drug susceptible) in direct hospitalization costs to the annual price of health care in Canada, health care dollars that are diverted from other purposes.  

· Additionally, screening patients on admission to detect carriers of resistant organisms, even if done in the most cost-effective manner, adds another $10.3 million, and if carriers (who are colonized but not suffering an active infection) are placed under stringent precautions to prevent spread of resistance to other patients then those measures add approximately $15.9 million more.  

· At the same time, drug susceptible infections of the same types are estimated to cost $260-553 million dollars each year in Canada.  

· Our model also permits estimation of future direct cost dollar value impact of drug resistance on hospital-based care if successful interventions are not implemented to alter current trends.

· If drug resistance continues to increase in prevalence and rises from current Canadian levels to the higher levels presently reported in the United States, our model estimates that added direct expense in Canadian hospitals would rise to more than $103.9-187.1 million (which is about $63.9-102.2 million more than those infections would have cost had they been drug susceptible).  

· Cost of screening would remain the same, but cost of precautions for colonized patients could rise toward $157.2 million, while cost for drug susceptible infections would drop toward $226.1-480.3 million (since a smaller proportion of all infections would be drug susceptible).   

· Resistant infection may add 2.8 times more than what a drug-susceptible infection adds to cost of care for the most studied resistance problem organism in Canada.  

· It is important to remember that these estimates do not consider the cost of prescriptions written for care given outside hospitals, nor for an increase in that cost should all physicians start treating all infections with more powerful and expensive drugs due to concern over potential treatment failure once high levels of drug resistance become endemic. 

· The focus of this report is on the burden associated with hospital care (especially nosocomial infections) because that is where the greater part of Canada’s problem seems to have been thus far, and relatively little information is available on impact of drug resistant organisms in other settings.

· Canada reportedly spends annually at least $659 million on more than 25 million retail prescriptions for oral anti-infective drugs, the third highest drug usage category.  If drug resistance rises to a level at which physicians will shift to more potent and expensive newer drugs for all empiric therapy in and out of hospital, that $659 million figure could jump in sudden increments toward at least $1.8 billion.  Savings from current initiatives to reduce unnecessary antibiotic usage would be offset by higher prices of newer drugs, which are often at least threefold to tenfold higher.
· These estimates also consider only those resistant organisms that already are established in Canada.  

· If, for example, multiple-drug-resistant tuberculosis like that rampant in the former Soviet Union, which has caused lethal outbreaks in US HIV treatment centers, becomes a problem in Canada, 25-fold or higher increases in treatment cost have been surmised.
· Infection control precautions that isolate patients impose personal and financial burdens, but also represent an evolving balance between the precautionary principle, clinical experience and epidemiologic research.  There is legitimate difference of opinion on specific measures as well as stringency required, and the cost-effectiveness of different approaches depends in part on aspects unique to individual institutions. 
The model we present in this report provides a tool by which national, provincial, regional, or local health authorities can identify research priorities to improve current understanding.  It can project cost estimates for different parameter estimates (e.g. higher or lower infection rates, prevalence of resistance, cost components or length of stay values).  We also summarize implications on measures required to address the various dimensions of this problem.  Canada, to a certain extent, has been flying almost blind.  Noteworthy but fragmented information exists from Canadian applied research; however, there are gaps and deficiencies in:

· surveillance capabilities to comprehensively prospectively monitor infection and resistance rates as well as capability to rapidly shift targets in focused projects, 

· application of resources to train and employ qualified infection surveillance and control professionals, 

· measures to inform health care professionals and drug company representatives who provide, as well as members of the public who consume antibiotics about appropriate usage of antibiotics, 

· programs to assess methods for influencing medical and pharmacy professionals who control antibiotic use, and most fundamentally 

· measures to ensure that this problem is addressed before it is too late to succeed.

The important economic conclusion in this first comprehensive burden of illness estimate is not that antibiotic resistance at least doubles the cost of treatment nor that it adds tens of millions of dollars in surveillance and prevention costs to hospital care today.  The important economic conclusion is that rapid escalation on the order of multiples of over $600 million per year in drug costs alone is at stake.  The important societal conclusion in this report is not that failure to prevent escalation to current U.S. rates of drug resistance will add hundreds of millions of dollars to the cost of hospital care for Canadians each year.  Rather, it is that quality of lives will be further diminished by the personal tolls which drug resistance can add to serious medical conditions.  The important public policy implication in this report is not that we have simple solutions nor that delayed or token support will suffice.  Rather, it is recognition that Canada needs persistent coordinated leadership and support for efforts consistent with current national and international action plans against a growing global public health menace.

II. Introduction

People and pathogens face the same imperative in life: Adapt or die.  Disease-causing (pathogenic) bacteria and other microscopic life are always around us, evolving relentlessly to withstand deadly chemicals that plants and other microbes produce in their own self-defense.  When medicine harnessed and manufactured those same antibiotic chemicals, and then learned to synthesize new antimicrobial compounds not found in nature, a new era in medical care emerged.  Previously fatal infectious diseases could be cured.   Today, however, we face widespread and growing challenges from drug-resistant pathogens.

Vast populations of bacteria share their genes as generation after generation emerges within mere hours.  When some possess genes that give an adaptive advantage, their ability to flourish and share those genes ensures that their progeny can survive by becoming resistant.  In “The Revenge of the Germs, or Just Keep Inventing New Drugs”, Pulitzer Prize winning author Laurie Garrett describes emergence and global spread of  drug resistance by Staphylococcus aureus, group A streptococci, Streptococcus pneumoniae, Haemophilus influenzae, Mycobacterium leprae, Shigella dysenteriae, Escherichia coli, Enterococcus faecium, Enterococcus faecalis, as well as species of Campylobacter, Klebsiella, Proteus, Pseudomonas, Salmonella, Serratia, and other microbes.1  One survival strategy against the threat of untreatable new infections caused by these microbes is a constant race to find new drugs.  These are not inexpensive to develop or to use!  In the history of Staphylococcus aureus, a common cause of wound and skin infections, “Switching from inexpensive penicillins to methicillin increased drug treatment costs for a typical patient approximately tenfold; changing to vancomycin meant turning to one of the most expensive antibiotics on the market.  It was a burden in the wealthy countries, but not prohibitive.  The increased cost was beyond the reach of poorer nations, however, rendering some staphylococcal infections, practically speaking, untreatable.”1  Today, we face not only methicillin-resistance in  S. aureus, but increasing resistance to vancomycin.  And that’s just one of many resistant pathogens we face.

A second front in our constant battle to maintain survivable balance is prevention through infection surveillance and control programs.  By monitoring the emergence and spread of newly resistant strains, hospital, regional, national and international programs seek to develop and refine strategies that protect patients, health care workers, their families and communities from cross-infection.  Some of these efforts are akin to fighting brushfires to contain disease outbreaks; others, less dramatic but equally important in making health care facilities safer, keep the chance of becoming infected or colonized as low as possible.  These prevention programs require support, can be no better than our current state of research knowledge and, like other elements of North America’s public health infrastructure, have not been systematically sustained over the past decade.2
A third front, recognizing that it is impossible to prevent 100% of infections (both community-acquired and hospital-associated “nosocomial” infections), is to develop strategies that slow the development of drug resistance.  Microbes pay a price for becoming resistant to antimicrobial compounds: the alternative cellular structures and metabolisms they develop tend to be less efficient than their normal forms.  Various strategies have been suggested to curtail evolutionary advantages of resistance, including: 

· education of physicians and the public to minimize unnecessary use of antimicrobial drugs, 

· formulary restrictions to prohibit certain drugs unless approved by an expert second opinion, 

· use of several drugs in tandem to deliver a more lethal blow, and 

· periodic change in the drugs used throughout a facility in hope that cycling will defeat any emerging evolutionary advantage of resistance.  

· Immunization that can prevent disease (such as the success of conjugate vaccine in eliminating as a leading cause of meningitis among Canadian infants the Haemophilus influenzae type B that was becoming resistant to ampicillin and chloramphenicol), and new molecular microbiology techniques to resensitize resistant organisms are other strategies. 

Emerging drug resistance over the past two decades has become a large and expensive problem.  “In the United States alone, such emergences were adding an estimated $200 million a year to medical bills because of the need to use ever more exotic – and expensive- antibiotics, and longer patient hospitalizations for everything from strep throat to life-threatening bacterial pneumonia.  When the costs of extended hospital care were added, the estimated increase due to antibiotic resistant organisms topped $30 billion annually.”1  Beyond the direct cost to society in treatment dollars, this also is an issue of disabling diseases, premature deaths, and displacement of finite resources from other areas of human need.  However, accurate reporting of related direct and indirect costs today is complicated by two problems.  First, there are relatively few studies published that separate out the marginal (additional) cost component of drug resistance from the underlying cost of treating infection per se.  Second, the confounding influence of differing patient acuities, differing levels of risk exposure, and differing durations of risk exposure make simple comparisons or projections from single-center studies difficult.  Statistical methods for standardization and multivariate analysis will be important future considerations.  

A comprehensive perspective is required: In addition to the current cost of more expensive antimicrobial drugs and intravenous rather than oral therapy to treat drug-resistant infection, which is all that most current studies tend to address, it also is essential to consider that increasing rates of drug-resistance alter the way that physicians empirically treat all infections.  Regions currently enjoying low prevalence of drug-resistance could experience sharp increases in antibiotic costs if prevalence rises to a point at which physicians change to more costly drugs for initial treatment of all infections.3  A comprehensive, coherent strategy is required: The World Health Organization recently proposed a global strategy for containment of antimicrobial resistance, aimed “to both persuade governments to take urgent action and to guide this action with expert technical and practical advice.”4
This report explores the cost to Canadians of emerging drug resistance in terms of both money and human suffering, as well as the costs of containing that threat.  It is a battle of adaptation that we cannot avoid and cannot afford to lose.

III. Background: The Evolving Situation Confronting Us

A Call to Action in Canada

In 1997, a consensus conference organized by Health Canada and the Canadian Infectious Disease Society brought together 185 representatives from the entire spectrum of public and private sector groups (namely doctors, dentists, nurses, microbiologists, infection control professionals, epidemiologists, social scientists, animal husbandry and animal rights representatives, veterinarians, public interest group representatives, pharmaceutical industry representatives, journalists, etc.) concerned with health care and public health aspects of infectious diseases.5  It was noted that while rates of drug resistance were lower in Canadian bacterial isolates than in those of some other countries, the number of  resistant staphylococcal, enterococcal and pneumococcal isolates from Canadian patients had been rising in recent years. “Such infections are likely to be more difficult to treat and may carry an increased risk of death.  Prolonged illnesses may lead to loss of income, delays in recovery or rehabilitation, isolation, and the extra costs of expensive drugs.  The immediate and future impact of antimicrobial resistance on the continum [sic] of health care within a community has yet to be described.”  Among the 27 consensus recommendations published from that conference are recommendations regarding establishing surveillance systems to monitor the scope of this problem, providing adequate resources to combat the problem, and communicating essential information to key individuals in an effective manner (see Appendix D).

In the 5 years since Health Canada published that call to action, the problem has grown faster than actions to contain the problem.  The Canadian Committee on Antibiotic Resistance (CCAR) was formed, as recommended, to coordinate Canadian efforts to control the development and spread of antimicrobial resistance.  

· CCAR established a web site and a series of seminars and publications to inventory and report antibiotic use (as supplied by IMS Health Canada), resistance issues, and prevention programs in Canada. 

·  CCAR has worked with other organizations to promote: 

· development of a Global Strategy for Containment of Antimicrobial Resistance (World Health Organization), 

· access to passive monitoring components of national surveillance systems (FOCUS Technologies’ TSN database), and 

· implementation of the 1997 consensus recommendations including potential for a national surveillance system (Health Canada; Canadian Infectious Disease Society’s Canadian Hospital Epidemiology Committee; Community & Hospital Infection Control Association; Canadian Association for Clinical Microbiology & Infectious Diseases).  

However, a true population-based national surveillance network does not exist yet and the fragmented reports available from small networks like the Canadian Nosocomial Infections Surveillance Program (CNISP) or discharge extract databases from groups like the Canadian Institute for Health Information (CIHI) provide an incomplete picture to guide our understanding of the evolving situation.  For example, as documented in Appendix A, we were unable to find Canadian national infection-site-specific incidence density rates published more recently than 1986 to estimate risk of infection in our cost estimation model, nor were we able to obtain rates of patient transfers between hospital services and critical care units to model risk of exposure.  CNISP is an important voluntary network, and holds our best promise to produce useful information concerning hospital-based care, but over-represents large teaching hospitals, encompasses roughly 5% of all Canadian hospitals, is hampered by thin staffing, and generally does not capture data from private practices, clinics, nor community-acquired infections.  CIHI relies upon discharge abstract databases, so cannot be expected to provide data linkages essential for infection surveillance because that additional surveillance data rarely is adequately documented from medical records alone.  Local or regional infection outbreak reports and research studies motivated by interests of individual researchers show continuing increases in incidence of drug resistance but provide inadequate data to separate the cost of drug resistant infection from the cost of infection alone (viz. the comparative costs of infection with drug resistant vs. susceptible but otherwise similar pathogens at the same infection sites).

Antibiotic-Resistant Organisms in Canada

The extent of drug resistance varies from country to country, region to region, and even institution to institution within local areas.  Within institutions, risk tends to be highest in certain areas such as medical or surgical intensive care units or burns units.  Risk to an institution also can be affected by increased levels of resistance within neighboring institutions.6  Therefore, any estimate of the burden of illness posed by drug resistance must be capable of reflecting local variation in risk of infection and risk of infection with drug resistant organisms.  Estimates from the United States may be helpful to discern parallel trends, and predate Canadian national surveillance programs that started in 1994, but while Canada’s drug resistance levels continue to rise in recent years the two countries report different baseline levels of resistance and different cost structures so are not directly comparable.  For example, the percentage of Staphylococcus aureus isolates identified as MRSA (methicillin-resistant Staphylococcus aureus) in all CNISP hospitals was estimated at less than 1% in 1995 but rose every subsequent year to over 5% by 19997 and 8.3% by 2000 (range 0-20%)8 versus rates around 50% in some US hospitals.  Beyond a focused CNISP surveillance effort for MRSA started in 1995, monitoring of other drug resistant organisms largely relied on passive, anecdotal reporting.  CNISP initiated prospective studies of VRE (vancomycin-resistant enterococci) in 1999, and extended spectrum beta-lactamase (ESBL) resistance among gram-negative organisms in 2001.  Canada’s first VRE outbreaks in Toronto (1995),  Saskatoon (1996), and Montérégie Quebec (1998) began some 2 years after this organism was first detected in Canada and 17 years after the first American outbreaks; VRE prevalence has been stable at around 0.9/100 isolates in Canada9 versus 0.3% in 1989, 7.9% in 1993, and upward of 25% today in US facilities.  Thirty-five percent of gram-negative clinical isolates exhibited new forms of beta-lactamase-mediated  resistance in a 1992 study of one hospital’s ICU and hospital-wide antibiograms.10  A 1998 CNISP survey of 15 labs found ESBL resistance in  0.1-0.7% of E. coli and 0.2-2.5% of K. pneumoniae isolates.8  Resistance also has been increasing in organisms that tend to infect Canadians in community settings.  An ESBL E. coli outbreak in a long-term care facility reportedly contributed to three deaths.11   A National Centre for Streptococcus voluntary passive reporting system found diminished penicillin sensitivity in 7.8% of Streptococcus pneumoniae isolates received from 1992-1995 increasing to 10.2% in 1996-1997,12 compared with an increase from 7.9% to 25.3% from 1996 to 1998 according to a Quebec reference lab’s experience13 or higher rates for 1999-2000 in British Columbia,14 versus around 25% in US reports15 along with rising macrolide and fluoroquinolone resistance rates16 from 1997 to 1999.  Similarly, 9.6% of 52 Neisseria meningitidis isolates from Ontario exhibited decreased susceptibility to penicillin in 1997 versus 34.6% of 55 in 2000.17  S. pneumoniae and N. meningitidis are leading causes of meningitis and sepsis in children and young adults; whilst clinical significance of rising MIC (minimum inhibitory concentration) levels found by these reference laboratories is uncertain as long as MICs remain below therapeutically achievable levels, this news likely is a worrisome harbinger of things to come.

Measuring a Moving Target

Since the objective in this report involves estimating a moving target, estimated level of drug resistance and related costs also must be considered a function of time.  Providing a static estimate of frequency or cost in 2001 or a previous year is not as useful as developing a predictive model with which we can explore future scenarios.  Ultimately, the purpose of this projection model is to (a) explore the cost-benefit implications of implementing or failing to implement a recommended national action plan; (b) provide benchmark estimates against which its cost-effectiveness can be monitored in future years; and (c) identify knowledge gaps so as to guide funding of an essential research agenda.  The model presented can be refined as more information becomes available, but in its initial form underestimates the economic burden of illness posed by drug resistance.

Implications of Bioterrorism

Further, no model can anticipate every future development.  For example, although bioterrorism per se is not factored into the model produced for this report, the threat or reality of such attacks cannot be ignored.  Insertion of resistance elements into bacterial genomes is within the capability of college-level laboratory facilities and undergraduate students trained to that contemporary level of microbiological knowledge.18  “Perhaps the simplest way to ‘enhance’ a bacterial bioweapon is to make it resistant to antibiotics… According to Alastair Hay, an expert on biological warfare at the University of Leeds in the UK, manipulations of this type may already have been done”19  According to a former First Deputy Director of Biopreparat, the civilian arm of the Russian high-intensity biological warfare program, this work was accomplished (“the best biological agents were those for which there was no prevention and no cure.  For those agents for which vaccines or treatment existed—such as plague, which can be treated with antibiotics—antibiotic-resistant or immunosuppressive variants were to be developed... During the period 1972-1992, the focus of the program was expanded… new emphasis was placed on conducting molecular biology and genetic engineering research in order to create antibiotic-resistant and immunosuppressive strains and to create genetically combined strains of two or more viruses…”).20  Concern has been expressed that publication of genome sequences, such as those of two antibiotic-resistant S. aureus strains by Japanese researchers last year, could benefit both bioterrorist and biodefense groups, as could new methods (“Indeed, the potential of DNA shuffling as a tool for bioweapons development was demonstrated in its first application.  In this, Stemmer focused on a gene for β-lactamase, creating strains of E. coli that were 32,000 times less sensitive than wild-type bacteria to the antibiotic cefotaxime.  Shortly after his paper was published, Stemmer says he received a letter from the American Society for Microbiology expressing concerns about potential misuse and asking that he destroy the strain – which he did.”)19 

The CSIS threat assessment notes that although recombinant-DNA methods are relatively simple to master and conduct, using genetically engineering organisms is completely unnecessary since effective defenses are difficult against naturally occurring diseases that could be exploited by terrorists using simpler means.18  Returning again to the scenario of this report’s preface, enhancing resistance in already virulent common causes of rapidly fatal infection outbreaks that spread directly from person to person, such as Neisseria meningitidis meningitis and sepsis in day-care-aged children and college-aged young adults, could cause even more widespread fear and disruption than certain exotic agents notoriously recognized as having serious but limited bioterrorism potential.  An effective public health response includes recognition of the event and treatment of exposed individuals.  Recent events revealed weaknesses that response capacity.

Widespread use or misuse of antibiotics in response to perceived bioterrorism exposures is, in itself, a serious concern.  Reaction to the recent anthrax contamination of mail has included a surge in global sales of ciprofloxacin, which prompted warnings from Stuart Levy of the Center for Adaptation Genetics and Drug Resistance at Tufts University School of Medicine in Boston, David Livermore of the Antibacterial Resistance Monitoring and Reference Laboratory at the UK’s Central Public health Laboratory in London, and the American Medical Association because fluoroquinolones like “Cipro” (ciprofloxacin) are important drugs and “Antibiotic resistance is a real public health concern. Infectious agents develop resistance to antibiotics.  The more often an antibiotic is used, the greater the chance of resistance developing.  This is particularly true if the antibiotic is used in a sporadic pattern of on-again, off-again dosing.”21  

Recognizing current trends and patterns of disease, an essential element of preparation against bioterrorism attacks and natural disease cycles, requires adequate funding to maintain diagnostic and reference laboratories as well as epidemiology and infection control programs.  However, hospital epidemiology programs that form the foundation of this capability have been hampered by misguided cost-cutting recommendations over the past decade,22 and curtailed reference service capabilities could become a focus for labor vs. management public relations battles.23  The popular press already has recognized the importance of this story.2  It also is noteworthy that while the Canadian federal government gained notoriety during its efforts to stockpile ciprofloxacin, the US Centers for Disease Control and Prevention changed their recommendations (since doxycycline works just as well as ciprofloxacin against the anthrax detected so far in New York, New Jersey, Washington and Florida, is less expensive, has fewer side-effects, and health officials are less concerned about a buildup of drug resistance from doxycycline, http://www.bt.cdc.gov).  This report considers only the direct costs of culturing patients to screen for resistant organism carriage (colonization), not infrastructure maintenance costs to establish and sustain a laboratory network, nor the public relations and other benefits of information sharing networks.
Implications of Litigation, Premature Death, Wrongful Death and Equity

Nosocomial infections are not a frequent basis for tort liability,24 civil actions that can damage public confidence, reputations of institutions, and result in financial penalty whether successful or not, and Canadians have tended to be less litigious than Americans.  However, a shift toward private sector providers contemplated in reforms to Canada’s health care system could change this situation.  Lawsuits involving nosocomial and drug-resistant infections are not unknown.25, 26  We have not considered the cost of potential litigation in the model developed for this report.   Further, while some types of nosocomial infection appear to contribute to premature death, such attributable mortality is a subject of debate.  Some types of nosocomial infection might be the final burden that tips a patient’s fate toward death, while others might simply represent opportunistic infection of patients so sick that their death is imminent regardless.27, 28  We therefore acknowledge a potential for years of life lost due to antimicrobial resistant infection and perhaps associated factors such as inappropriate empiric therapy early in the infection,29 but from available data are unable to make reliable quantitative projections so also do not consider these lost years in our cost model.  As well, despite this report’s focus on hospitals, it must be remembered that the source of such infections and deaths is not exclusive to hospitals.  For example, investigation of four fatal community-acquired MRSA infections revealed that MRSA strains killing children in Minnesota and North Dakota differed significantly from typical nosocomial strains.30  A Canadian report was among the first to recognize that community acquired infections can constitute a high proportion of MRSA strains identified after hospital admission.31  In the infections, deaths, and legal repercussions of its recent tainted blood scandal and more recent Walkerton Ontario tainted water outbreak, Canada set precedents learned in harsh lessons from failing to meet public expectations about community health protection.  Additionally, Embil et al.’s finding of disproportionately high frequency of MRSA among aboriginal patients, especially from northern communities in Canada,31 raises equity issues also beyond the scope of this report.

Health Canada’s Call to Action Acknowledged

A growing problem and need for action have been recognized in Canada.  Most recently, the annual report from Ontario’s Chief Medical Officer of Health noted that “in Ontario alone, new cases of MRSA (methicillin-resistant Staphylococcus aureus) rose 20 fold between 1994 and 2000.  These bacteria are a common cause of skin infections and more serious infections in hospitals.  Other strains of antibiotic resistance bacteria have also risen dramatically over the past few years.”32  The report notes that “Antibiotic resistance is a serious and increasing problem.  It affects everyone by making common infections more difficult to treat, extending hospitalization and costing the Canadian health system hundreds of millions of dollars per year… unless we recognize that antibiotic resistance is a serious problem, we face the prospect of life-threatening illnesses which cannot be effectively treated by any antibiotic.”
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How quickly will this problem continue to grow, how soon could Canada experience higher rates of drug resistance like those already prevalent in other countries such as the United States, and at what point might evolving resistance accelerate beyond the capability of affordable control efforts?  Unfortunately, uncertainty prevails in answers to these questions.  Many biological processes follow a sigmoid curve in which an initial lag phase of slow or additive growth is followed by an accelerating growth phase of multiplicative or exponential increases.  Recent reports investigating risk factors for acquiring MRSA, VRE or resistant A. baumanii discuss “colonization pressure” as a factor.33, 34, 35, 36, 37  This refers to the concept of a tipping point at which the microbes become sufficiently widespread such that each exposure opportunity is more likely to actually bring the organism into contact with a susceptible new host.  A crude estimation model of epidemic MRSA infections in CNISP hospitals suggested a third order polynomial function as the best prediction equation,38 which confirms that we can look forward to a period of accelerating growth.  However, the principal author of that work does “not feel confident that the original model for 1999 was at all reflective of what can be done with epidemic modeling.”  They are now developing a more refined analysis using ARIMA time-series modeling of incidence rate data as opposed to incident case data, and “can not say that the rates will meet the US's until the [new] model is done and we have proof of that.” (personal communication, February 2002, Marianne Ofner-Agostini).  Very preliminary analysis indicates first-order autocorrelation (lag of 1 year correlating with rate of subsequent year), leading to a model that predicts both colonization and infection rates increasing faster in later periods than in earlier periods between 1999 and 2001.

Affordable and effective control efforts evolve as a balance between application of the precautionary principle, clinical experience and epidemiologic research.  Infection surveillance is the key to determining whether current safeguards are too stringent, too lax, or cost-effective in this dynamic conflict.

IV. Estimated Economic and Social Burden of Illness in Canada

Canada’s total burden consists of three components: 

A. increased direct cost of providing care to infected individuals over and above cost of such care if their condition wasn’t complicated by a drug-resistant infection; 

B. infrastructure cost of maintaining surveillance programs and reference laboratory services; and 

C. diminished quality of life, including earning potential of individuals who have chronic drug-resistant infection, which comprise indirect costs.

We used a mathematical model to estimate direct cost of providing care to infected individuals, brief review of available information to describe infrastructure cost, and interviews followed by content analysis to describe quality of life experiences.

This project worked toward developing a Markov model,39 explained in Appendix A, to provide the first comprehensive estimate of the direct cost economic burden from antimicrobial resistant infections (primarily nosocomial infections) among hospitalized Canadian patients.  The model provided incorporates the most current figures available from national or provincial sources as well as the hospital epidemiology research literature, and can be improved to provide more refined future estimates as better or more complete data become available.  The model’s focus is on hospital-based care because more attention has been paid to drug resistance in hospitals and more information is available on hospital than on community cases.  A multi-provincial case-referent study of Salmonella serotype typhimurium reportedly is underway to examine risk factors and burden of illness in cases infected with resistant and non-resistant strains during 1999-2000.  (personal communication, 2002, Kathryn Doré, Division of Enteric, Foodborne and Waterborne Diseases, CIDPC, Health Canada).  Direct cost of treating resistant infections outside of hospitals is not considered in this model; financial impact of those community-based infections is surmised in Section V of this report where total annual usage of anti-infective drugs is described.

Scripts used to conduct interviews of patients, family members, and health care providers are shown in Appendix C.  One trained interviewer visited all individuals and followed the appropriate script in a neutral manner.  The conversations were recorded, and phrases related to descriptive experiences along dimensions of well-being or self-sufficiency previously identified in psychology literature were extracted.  Informed consent was obtained before each interview, and ethical standards of the School of Journalism respected.

A. Increased Cost of Providing Care to Infected Individuals

From the information available, our model suggests that these infections add at least $14.2-25.5 million (which is about $8.7-13.9 million more than those infections would have cost had they been drug susceptible) in direct hospitalization costs to the annual price of health care in Canada, health care dollars that are diverted from other purposes.  Additionally, screening patients on admission to detect carriers of resistant organisms, even if done in the most cost-effective manner, adds another $10.3 million, and if carriers (who are colonized but not suffering an active infection) are placed under stringent precautions to prevent spread of resistance to other patients then those measures add approximately $15.9 million more.  At the same time, drug susceptible infections of the same types are estimated to cost $260-553 million dollars each year in Canada.  

If drug resistance continues to increase in prevalence and rises from current Canadian levels to the higher levels presently reported in the United States, our model estimates that added direct expense in Canada would rise to more than $103.9-187.1 million (which is about $63.9-102.2 million more than those infections would have cost had they been drug susceptible).  Cost of screening would remain the same, but cost of precautions for colonized patients could rise toward $157.2 million, while cost for drug susceptible infections would drop toward $226.1-480.3 million (since a smaller proportion of all infections would be drug susceptible), above which could be a large added cost if all physicians initiate empirical therapy of all infections with more potent and expensive drugs until susceptibility test results return from laboratories days later.  

This particular Markov model itself provides a tool by which national, provincial, regional, or local health authorities can identify research priorities to improve current understanding, and project cost estimates for different parameter estimates (e.g. higher or lower infection rates, prevalence of resistance, cost components or length of stay values).  Beyond direct costs considered in this model, indirect costs and altered quality of life further diminish potential contributions of afflicted Canadians to their family, workplace, and community.  These indirect costs are considered in part C below.

The direct cost has two components: marginal (additional) treatment costs beyond what would be anticipated to treat otherwise similar but drug-susceptible infections; and self-imposed costs associated with institutional procedures for surveillance and special precautions intended to prevent transmission of infection to others.  One study of the cost of MRSA infections in a large Canadian hospital estimated their average total cost of each infection added $14,360 (95% being per diem room costs, 4% being antimicrobial therapy, 1% being microbiology laboratory costs), and colonization without infection added an average of $1,363 per case, which projects to an annual excess cost of $262,554 to manage MRSA patients in their facility and from $41.7 - $58.7 million to manage MRSA patients in Canada.40  However, since cost of MRSA patients is not compared to cost of patients with susceptible S. aureus infection (MSSA), the marginal cost of resistance per se is not distinguishable from the cost of nosocomial infection.  Further, their Canadian caseload projection is derived from overall (“crude”) risk of infection estimated primarily from tertiary teaching hospitals; in contrast, the Markov model in this report projects expected number of infections from a composite of  infection-site-specific duration-of-risk-specific rates balanced between large teaching hospitals and smaller community hospitals (risk of nosocomial infection and drug resistance tends to be lower in smaller non-teaching hospitals).  A nested study in a US hospital, matched on diagnosis, age and sex but not length of stay prior to infection in cases, reports that primary bloodstream infection by MRSA adds a median $27,083 (range $7,228-164,392 US) total excess cost, while MSSA bacteremia adds a median of $9,661(range $5,166-39,766), with roughly half the total composed of variable direct cost items (e.g.: supplies).41  American and Canadian costs cannot be interchanged due to differences in systems, but this suggests that the marginal cost associated with resistant infection may be 2.8 times higher than the cost associated with susceptible infection.  Another Canadian study reported costs of $4,345 per MRSA and $13,545 per VRE case for detection and prevention of cross-transmission, plus an additional $6,500 per case in unspecified indirect costs, for a total of $10,845 per MRSA and $20,045 per VRE case.42  Again, these figures represent marginal cost over no infection rather than excess over costs associated with otherwise similar patients infected by susceptible MSSA or enterococcal strains. Unpublished data from another Canadian study approximately 2 years ago details component costs comprising an average of $7,222.28 per case (excluding treatment costs) to accommodate MRSA patients (personal communication, Pauline Fallis, Infection Control Practitioner, Humber River Regional Hospital, see Appendix B), 72% of which is per diem room items.  Acute care hospitals have experienced difficulty finding placements for these patients when they are ready for discharge to lower levels of care, as discussed in part C below, which might explain why mean excess lengths of stay in American reports seem shorter than in a recent Canadian report (4 vs. 14 attributable days).

Lengths of stay, extent of infection control precautions, and unit cost of individual items vary from institution to institution and year to year.  Treatment costs will, of course, vary from patient to patient and vary with complexity of their individual cases.  However, from data identified above, and assuming that MRSA patients are typical of patients with other types of drug resistant organisms, it is reasonable to presume that accommodation alone for these patients costs an extra $150-250 per day for measures to detect and prevent transmission of resistant organisms to others.  Intravenous vancomycin adds approximately $51 per day (≈$30 for the drug and $21 for professional fees).43  MRSA patients are singled out as examples for this report because more is known about MRSA than about other resistant organism infections in Canada.

B.  Infrastructure Costs Of Maintaining Surveillance Programs And Reference Laboratory Services

An additional cost is that of regional and national surveillance.  For example, Quebec has two active surveillance programs (for S. pneumoniae and N. gonorrhoeae) as well as three passive programs (for MRSA, VRE, and ESBL).  Recently published results for S. pneumoniae  infections in Quebec from 1996-1998 show that the distribution of serotypes remained stable, but the proportion of penicillin-resistant isolates was significantly higher among patients <2 years old (25.3% vs. 11.2%) and increased among young children from 7.9% to 25.3%.13  These reference laboratory activities employ approximately 5.5 full-time equivalent staff (4.5 technologists and 1 scientist) to handle a year 2000 workload of 524 S. pneumoniae isolates (approximately 47% of all hospital laboratory isolates), 488 N. gonorrhoeae (73% of all clinical isolates), 31 N. meningitidis (>95% of clinical isolates), 137 vancomycin-resistant enterococci (>90% of all clinical isolates), 911 MRSA isolates (unknown proportion) and >100 ESBL isolates (also unknown proportion) [personal communication, Louise Jetté, Bacteriology, Laboratoire de santé publique du Québec].  An increasing resistance among S. pneumoniae also has been reported elsewhere in Canada.  A Canadian Bacterial Surveillance Network report of 1,089 unique isolates from 39 labs across Canada during 1994-1995 found sharp increase from the 1.5% prevalence rate of resistance reported during decades of the 1970s-1980s: 8.4% exhibited intermediate and 3.3% high-level resistance to penicillin. Isolates from normally sterile sites were more likely to be resistant, Western prairie provinces had higher prevalence than other regions, and serotypes were diverse.44  According to a  National Information Program on Antibiotics press release dated 29 January 2002, that network’s latest figure is 14.75% for S. pneumoniae resistance.  The cost to maintain networked provincial reference lab capability across the country has been estimated by CCAR at as much as $3 million annually.  

Central reference laboratories add capability not available from individual clinical laboratories.  By using definitive methods, they check the accuracy of results submitted with isolates from clinical laboratories where less costly presumptive methods are employed.  Novel forms of emerging drug resistance could otherwise be missed or misclassified, and opportunities to improve presumptive methods missed.  By adding typing methods and maintaining culture collections, reference laboratories monitor the evolution and spread of specific disease-causing bacterial strains.

Screening patients on admission, rather than just relying on cultures taken for diagnostic reasons, has been considered cost-effective (e.g. costs and benefits of screening plus isolation are estimated at $17,931-35,862 and $49,011-412,651 respectively in an American report).45  A Canadian study reported that, at total cost of $8.34 (Canadian) each to selectively screen certain new admissions, estimated rate of 0.048 nosocomial transmissions per day, and estimated cost of $5,235.14 per patient to isolate MRSA patients ($3,024 for lost revenue on private room, $2,073.60 for isolation supplies), even without considering treatment costs this suggests screening costs could be offset if early recognition prevented at least 6 nosocomial cases.46   Gardam et al. compare two different MRSA screening culture methods, finding laboratory cost per culture of $1.33 - $4.31 (Canadian), note that the Toronto Medical Laboratories receive 30-60 MRSA surveillance specimens daily from 6 Toronto hospitals, and project this to an annual total cost of $62,845 to $152,791 ($21,845 to $70,791 in laboratory- and $41,000 to $82,000 in personnel-cost) depending on culture method selected.47  Kim et al., also in Toronto, note the materials and labor cost of processing negative screening cultures at $5.50 each, suggest that 20% of patients would undergo MRSA screening at two culture sites, so project annual cost of MRSA surveillance at their 1,100 bed facility at $109,813.40  For VRE, in which colonization rates ten times higher than infection rates have been reported,48 we assume the cost of each screening culture would be within the $5-15 range found for MRSA screening cultures.  VRE screening cultures have been recommended, but a large proportion of institutions do not routinely employ this strategy,49 and in the absence of VRE cross-infection or clinical infection problems their cost-effectiveness at US$8.15 each has been questioned.50  Screening cost is incorporated into our Markov model.

C. Diminished Quality Of Life

Fears and frustrations shared by patients, their families, and their care providers are common themes in over a dozen interviews conducted across Canada for this report.  Although the vast majority felt strongly enough about the importance of airing these issues that they gave permission to be identified by name, all names are concealed in this report to protect identities of others.

Since the patients most likely to develop antibiotic resistant infections are those who already have serious underlying disease, and often are subjected to the most intensive therapeutic interventions, it is difficult to entirely separate the additional impact of drug resistance from the other problems facing these individuals.  The personal stories shared here illustrate impact of underlying condition, complications of nosocomial infection, and added burden of drug resistant infection on quality of individual lives.  They relate the experiences, perceptions, and sometimes misperceptions of patients and their family members.

Diminished quality of life begins with onset of serious or even life threatening illness… 

…and is exacerbated by stringent infection control “isolation” precautions historically used in acute-care facilities.  Needless to say, drug resistant infections promote use of increasingly more expensive and toxic antibiotics, increasing the risk of additional adverse complications.


An initial psychological study of 69 patients in isolation with VRE or MRSA at 12 Ontario hospitals reports distress they experienced in terms of intrusiveness, self-esteem, depression, diminished physical and emotional support, delays in response, and inconsistencies in information given.51  Presumed infection control value of special precautions to restrict spread of harmful microbes must be confirmed and balanced against the increased workload, potentially diminished level of care, and potential psychological distress caused by those precautions as patients and their families are forced to cope with isolation practices for illnesses that are difficult to understand.  

There is no doubt that these precautions increase nursing workload, but this increase may be underestimated by some workload management systems.  That can lead to understaffing, leaving too little time to do work properly, which leads to lapses in infection control which leads to increased risk of infection… a vicious cycle.52  Staff shortages, reluctance to enter isolation rooms, and relationships between understaffing and increased risk of infection are well recognized.  If no impact on infection risk can be confirmed, as was the case with “protective isolation” of immunosuppressed patients decades ago,53 then stringent “antibiotic resistant organism” isolation can cause more harm than good so should be reconsidered.  


Legitimate controversies in guideline approaches to contain drug resistant infection can and should be addressed by epidemiologic research.  Inconsistencies in practice also exist, and these cause both confusion and concern.

When patients who are colonized or infected by resistant organisms are ready for discharge from acute care, other problems arise due to inconsistencies between epidemiological understanding of risks, institutional policy and local practice concerning transfer of patients with resistant organisms. 

Diminished quality of life, as well as bed utilization problems for the acute care facility, are evident in higher refusal rates and longer delays relative to patients without such organisms (in one Vancouver study, a mean of 61 days in moving 39 colonized patients from acute- to long-term-care facilities).54  Higher acute-care per diem charges continue to accrue during such delays, despite other levels of care being more appropriate, thus diverting health care dollars away from more productive use (an estimated $1.7 million in the Vancouver study alone).  Beds become blocked, rehabilitation and further recovery may be delayed, and psychological harm may be extended.  This, of course, costs our health care system a large but ill-defined premium.

In addition to the emotional toll on afflicted individuals prior to their discharge home, and financial toll on health care systems, even those who return home continue to find their lives disrupted.  They may not return to a normal life because family and friends still harbor fear.  They may not be able to return to their former job or vocation because of health limitations.  In some cases those limitations may be due to underlying disease that made an individual particularly susceptible to infection and drug-resistant infection; but in other cases, the protracted course of an infection with a resistant organism may delay full recovery of earning potential and other contributions to community life.

Self-sufficiency is particularly at risk.  After depending entirely on others for very necessary physical and emotional support during initial treatment, the long-term nature of some infections ensures that many will continue to need treatments on an outpatient basis.  While outpatient programs to deliver services like wound care or IV-therapy in a clinic or in the home are less costly to deliver than hospital-based care, and do give patients more freedom, lives still are disrupted.  And there always remains a nagging uncertainty about whether the infection is truly gone or just waiting to resurface.


Some of these patients know that the condition they have will be with them for the rest of their lives, and that they cannot ever return home.  Debilitated individuals in nursing homes and extended care facilities are a prime reservoir for drug resistant organisms in chronic urinary tract infections and skin ulcers.  High rates of drug resistance, as well as exchange of resistant organisms between extended care facilities and hospitals, are well documented in the literature.  “Nearly 60 per cent of long-term care facilities in Vancouver currently have
or have had known carriers of MRSA, and 13 per cent have residents who

are known carriers of VRE. While the Vancouver/Richmond Health Board requires long-term care facilities to accept patients with MRSA or VRE, such policies are not standard in other regions of B.C.”55
Requiring long-term care or other facilities to accept colonized or infected patients from hospitals will work, and work safely, only if the physical structure, staffing, and staff education of those facilities is adequate to the task.  In terms of quality of life, accessibility also must be considered.  There simply aren’t enough facilities to accommodate the current elderly population today, burdens of drug resistance exacerbate this problem, and demographic projections suggest an even larger demand in years to come.

In addition to the elderly, another group that deserves special mention is infants and children.  Neonatal intensive care units are capable of saving premature infants whose extreme debility would have condemned them to death in prior years.  New surgical techniques and invasive therapies offer increasing hope to children with serious diseases.  However, these advances also place children at risk of drug-resistant infection.

Children in the community also are at risk.  For example, a survey of National Association of Child Care Professionals found that 91% of pediatricians reported antibiotic resistance in patients with middle ear infections who attended group child care, and one third of their patients didn’t respond to the first antibiotic selected for treatment.56  As reported in section III above, diminished antibiotic susceptibility in S. pneumoniae, the predominant bacterial cause of such infections, is becoming progressively more common in Canada.  While most pediatric patients stay in hospital for just days, and most are not subject to special precautions for antibiotic resistant organisms, some children spend many months there.

In summary, we’ve learned several lessons from the personal stories of these patients, families, nurses and physicians.  They share feelings of fear and uncertainty.  They recognize the impact of barriers, and problems created by different approaches or practices.  Dr. K.I. indicated “the average individual has a very tough time sorting it out. It’s not easy for me to explain it to the infection control nurses.”  Complicating the situation, he said, are transient employees such as dietary workers and cleaning staff. “They don’t pay these people very much, they’re not particularly stable.”

Changes that can make life more pleasant for patients and more cost-effective for institutions are occurring.  While meals are no longer served on Styrofoam, continues Dr. I, “if there isn’t a nurse around to take [the meal] in, it sits out there and gets cold.” Despite extreme efforts in educating people, he says this happens on a regular basis. “People are very fearful.”  At a Western hospital, policies are undergoing change, says infection prevention and control practitioner L.I.  The hospital currently requires all staff be gowned and gloved when entering an isolation room for any reason, but she says this will be reduced to only gloves and careful hand washing.

“Even myself,” says L.I., “I feel quite foolish when I walk into the room and I gown and glove and I’m not doing anything with the patient except talking to them. I know that nothing is going to be transmitted. Yet if I don’t gown and glove I’m breaking my own policy.”

“The biggest challenge for us is to get people to understand how it’s really transmitted,” she said, explaining that if caretakers thoroughly washed their hands and equipment between all patients, the transmission rate would be substantially lower and isolation practices might be unnecessary.

Some of those patients still might need to be accommodated in a private room, which creates problems when such rooms are limited in number.  

Education can help ensure that “antibiotic resistant organism” patients receive the same level of care as others, but education takes funding that hospitals don’t have. The extra time these patients require also means more nurses are needed.  Again – extra time means more funding.

Patients whose lives and incomes are threatened reminded us of the stakes involved.  Dr. M pointed out that “we have not adjusted to the new reality.”  In the old days, spreading a sensitive organism wasn’t as big a deal but “now the stakes are higher.”  Today’s new reality is one of shifting ground and sensational news.  Messages of alarm clash with messages promoting calmly rational application of evidence-based precautionary practices in the face of incomplete knowledge.  Each new report of emerging infectious diseases sets off new rounds of “superbug” headlines.  Variations on infection control practices promote confusion.  It is not surprising that misunderstandings occur.

Dr. N.N., chief of staff at a large Central Canada rehabilitation and chronic care facility, and T.P, the infection control practitioner there, reminded us of the involvement of other settings, explained how they’ve coped despite having no single rooms, and described how their approach started shifting about 7 years ago.  According to T.P., before 1997 they needed to put just 5 or so patients on special precautions each year, it  jumped to 65 in 1997, 110 in 1998, 120 in 1999, then settled back to 86 in 2000 and 68 in 2001.  Dr. N. indicated that they never had any experience with VRE, other than testing for it, but lots of MRSA (about half discovered on admission) and it was “Always a problem finding an appropriate room-mate for a patient with MRSA… Like to put only MRSA patients together if possible, or at least have them with a patient who is low-risk.”  T.P. indicated that they started focusing more on staff being a major cause of transmission, less focus on the patients themselves, so didn’t restrict patients as much.  She said staff were confused if they came from acute care and saw how differently things are done but “certainly the patients are happier. That’s for sure!”  They used to have clear warning signs with MRSA printed in big letters, but “it used to really freak our patients out” so now “even our signs are muted” saying just “special precaution patient”  emphasizing hand washing and instructing visitors to see a nurse before entering the room.

V. Implications for Investments Required

A comprehensive, coordinated, long-term effort is required to safeguard the health and well-being of Canadians.  Components of this effort include developing or strengthening provisions identified during a 1997 consensus conference (see Appendix D).5  Several of the central themes in those consensus recommendations (indicated by filled points below) should be viewed in light of this report’s findings (indicated by open circle bullet points):

· Recognition of this problem as a major global public health threat, not simply one of monetary expense as a basis for choosing among social policy option alternatives.
· In his comprehensive review,57 McGowan identifies the different perspectives of various stakeholders (e.g. physicians, patients, drug companies, third party payers, etc.) while observing that “methods for measuring economic impact of resistance are in their infancy, and the studies leave many questions unanswered.” 
· While different studies project different sums, there is no doubt that the impact is large (U.S.$4 to $5 billion annually according to one Institute of Medicine workshop report58 ), nor is there doubt that the consequence of failure to control emerging resistance could be the deadly return to a postantibiotic era.59
· Unlike problems in which consequences are restricted to those who engage in risky health behaviors, antibiotic resistant organisms disregard geographic, economic, and other boundaries to threaten everyone.
· A national action plan embodying the precautionary principle, consistent with international action plans, that serves as framework for both program development and evaluation.
· CCAR exists, provincial plans have been emerging over the past two years, but even in some of the best established hospital networks the majority of hospitals show evidence of failure to use restriction or monitor compliance with other measures in place to improve antimicrobial use.60
· All provinces have not formally adopted proposed action plans.
· A true population-based national surveillance network capable of providing timely, accurate assessments and communication with other national or international agencies.
· Gaps in essential information, and the fragmented nature of related hospital programs, are evident in the findings of this report from published sources and interviews.
· Hospitals do not provide timely capture of drug resistant infections that develop in other settings (e.g. community-acquired infection of children by Streptococcus pneumoniae; the 8% of Canadian MRSA infections that originate in long-term care facilities or the 6% originating in the community;7 E. coli urinary tract infections in the community, etc.). Those infections serious enough to require hospitalization represent the proverbial tip of the iceberg. 
· While attention has been focused on antibiotic use and resistance in hospitals, the majority of such prescriptions are written in other settings.  According to the IMS Health retail pharmacy transaction database,61  in 1999 anti-infectives ranked third, at 25.5 million prescriptions, behind cardiovascular and psychotherapeutic drugs used by Canadians.  A summary on the IMS website dated 31 October 2000 notes that the number of antibiotic prescriptions decreased approximately 7% over the preceding 5 years (from 27.3 million in 1995 to 25.5 million in 1999), that prescriptions for amoxicillin (described as the most commonly used “first line anti-infective”) declined for the fifth straight year (dropping approximately 18% from 7.2 million in 1995 to 5.9 million in 1999), but that “prescriptions for second-line antibiotics experienced yet another year of sharp increase to total 3.1 million in 1999, representing a 22.8% increase over 1998.”  Total annual cost for anti-infective drugs reportedly rose in 2001 to $659 million, a 6.6% increase over $617 million the previous year. 62
· Applied research and trainee-support funding.
· The backbone of current surveillance capability has been a voluntary network of infection surveillance programs.  Shortages of qualified staff and resources have been noted.63, 64
· Funding for specific antimicrobial resistance topics has been fragmentary, topic-specific, and short-term.  Stable funding is needed to sustain flexible, rapidly responsive programs.  Since emergence of resistance cannot be prevented, vigilance is a key to its control.
· Education of health care providers and the public on effective infection control strategies as well as appropriate use of antimicrobials.
· Defining effective infection control strategies requires resolution of controversy concerning level of stringency required for resistant organisms.  Canadian guidelines for preventing transmission of infection in hospitals recommend adding “Contact Precautions” to “Routine Precautions” (also known as “Standard Precautions” in American guidelines) when dealing with “antimicrobial resistant organisms” (which “includes MRSA, VRE, resistant Gram negative rods and other organisms”),65 a recommendation consistent with earlier American guidelines to deal with “multidrug-resistant organisms” (defined as “resistant bacteria judged by the infection control program, based on current state, regional, or national recommendations, to be of special clinical and epidemiologic significance.”)66  Adding Contact Precautions implies placing patients in private rooms if adequate separation within other rooms cannot be assured, wearing gloves to enter the room, wearing a gown if contact with the patient or surfaces in the patient’s room is anticipated, and wearing a mask and eye protection when engaging in patient care activities where splash or spray exposure is likely.  The Canadian guideline document acknowledges that data are inconclusive regarding extent of need for masks, gowns and such but adopts a precautionary principle (pages 12-15 and 50-51 in the guideline cited above).  The environment of colonized or infected patients has been shown to become contaminated, but evidence that environmental contamination leads to further transmission is stronger for VRE than for MRSA.  Some researchers, acknowledging this and documenting poor compliance with stringent “isolation” protocols,67 have suggested that extent of surveillance cultures, repeating cultures to monitor patient colonization, cohorting or otherwise segregating all affected patients, special environmental cleaning procedures, special antimicrobial hand washing products, more extensive use of gowns and masks, or decolonization therapy for patients or staff might be reduced while still achieving better control of MRSA transmission.68, 69, 70  Reviews presenting arguments for and against special measures have suggested the value of zealous efforts to prevent new resistance from emerging where not present previously and especially in high-risk areas like intensive care or burn units, or when MRSA becomes so prevalent that it accounts for >5-10% of S. aureus isolates (thus promoting substantial increase in use of vancomycin that can promote further drug resistance in other pathogens); but questioned the value of some measures, the cost-effectiveness of others in other circumstances, and acknowledged difficulty inherent in relying upon studies of controlling epidemics to define optimal effective measures to control endemic disease.71, 72, 73, 74, 75, 76, 77, 78  The prospect that some strains of MRSA may be more likely to spread rapidly than others,79 and the anticipation of vancomycin-resistant S. aureus,80 further complicate controversies.
· Educating health care providers and the public about appropriate use of antimicrobials is not as simple as it sounds.  Within a conference devoted to examining “state of the art” in guideline implementation, the systematic review of 409 articles on “Implementing Practice Guidelines for Appropriate Antimicrobial Usage” concludes that while a campaign of multiple implementation methods is more likely to succeed than one using a single implementation method, which component methods (e.g. simple dissemination of guidelines, didactic education, patient education, computer-assisted management, academic detailing, etc.) are most effective for given situations remains unclear.81  Fully-sourced, interdisciplinary efforts to provide and evaluate educational and other interventions for improving antimicrobial use will be necessary.
· Since most drugs are prescribed outside of hospital, and drugs constitute the largest increase in escalating Canadian health care costs, the stakes are highest in terms of all empirical therapy jumping in cost.  For example, a recent U.S. study of 1,478 cases of urinary tract infection found that just 24% of patients’ prescriptions were consistent with Infectious Disease Society of America guidelines, down from 48% a decade earlier.  Instead of the $1.79 for a recommended 10 day course of trimethoprim-sulphamethoxazole, 30% prescribed nitrofurantoins at a cost of $20.34 and 29% prescribed fluoroquinolones at a cost of $70.98.  Although the authors conclude that doctors are driven by drug company promotions to use newer drugs, an infectious disease specialist commented that he doesn’t fault doctors for choosing more expensive alternatives, “I do it myself.  It really depends on one’s point of view.  Some say, ‘Resistance is increasing, and I want to use the antibiotic that is most likely to succeed…’ The debate is, what level of resistance is too high and when do you go to the other antibiotics?”82
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VII. Appendices

Appendix A: The Markov Model
The Markov model developed for this project, on an Excel spreadsheet, is provided in an attached computer file.  The pertinent advantage of working with a Markov model instead of another type of model for this problem is that Markov models permit recursive calculation of composite probability.  As shown in this diagram, there is a daily probability (represented by boxes) that an individual will be admitted to a hospital’s service-specific ward (viz. medicine, surgery, obstetrics/gynecology, pediatrics, etc.), and daily probabilities that individual will leave (through discharge from hospital, transfer to another hospital area, or death).  Transfer to an intensive care unit (ICU) is of particular interest in this model because risk of infection is higher in ICUs than in other hospital wards.  There also is daily risk of becoming infected, which varies by type of infection (urinary tract, primary bloodstream, pneumonia, surgical site, etc.) and by hospital area.  Finally, depending on prevalence of resistance in a given hospital or hospital area, there is a probability that an infection will be caused by an antibiotic-resistant organism.  Since individuals will remain in hospital for more than one day, the model is “recursive” in that (as dotted lines indicate) the set of risk probabilities recurs each day.  A limitation of Markov models is fixed probability at each node regardless of how an individual reached it or how many cycles have completed (an assumption that isn’t entirely accurate, since day-specific infection risks and risk of subsequent infections following an initial infection event are not uniform).  However, for an “order of magnitude” initial estimate of Canada’s burden of illness, and recognizing the limited nature of data available, this simplified model provides a reasonable starting point.  Additional nodes can be added and their parameter values better defined as research needs identified by this model’s limitations are filled by future studies.  

The composite probabilities of each day yields mean daily probability of becoming infected and infected with a resistant organism; this product applied to the number of hospitalization patient-days each year yields expected number of cases (in our model, given separately by infection site and hospital service); next, that product multiplied by the composite cost of treating various infection types yields the estimated annual economic burden imposed on the population by these infections.  Some details of cost composition are given in Appendix B. Perspective in the model is that of the payer of costs, namely Canadian government.

Essentially, the model enters total number of patients and patient-days [rows 16-18 of the spreadsheet], distributes these among the various services (e.g. medicine, surgery, pediatrics, etc.), and applies those patient-days of risk exposure to the daily incidence density rate of infection by site [rows 21-32] to compute the number of infections expected for given patient numbers and length of stay [shown in spreadsheet cells N20 to V32].  These expected numbers, calculated for each of the various infection sites (e.g. urinary tract, surgical wounds, pneumonia, bloodstream infections, etc.) are then applied to pathogen distribution probabilities [rows 34-48] to estimate the number of infections by site and organism, from which the fraction of resistant organisms is projected [rows 2-9].  This result then is applied to cost data [rows 51-76] so that the total number of resistant infections, the cost per day to accommodate those patients, and their length of stay are taken into consideration in projecting the marginal cost these infections add to hospital care[rows 11-13].

Where possible, Canadian data are used, but limitations reflect scarcity of available data.  CIHI, CNISP, and Health Canada were contacted for information to supplement what is available in published literature.  Problems were encountered finding information on hospital occupancy by service, marginal costs of resistant (as opposed to susceptible) infection, and on incidence density rates of nosocomial infection.  Incidence density is used in this model to account for differences in length of stay, thus duration of risk exposure; however, the most recent published incidence density data for Canadian hospitals is in a 1986 CNISP report.  We used American data where necessary to fill in gaps, after confirming absence of Canadian data through contact with:

CIHI (Brenda Antliff)
I would like to clarify what I understand "nosocomial infections" to be an infectious condition that arises in a patient after a patient is admitted to hospital.  This information is captured within the DAD but can be difficult to retrieve.  An example:

you are interested in infections due to catheters - there is a complication code due to infection for internal prosthetic devices - unfortunately this code is a catch all for types of devices not just catheter - and would include orthopaedic, cardiac, etc.

I would have to say this isn't an area that you could cleanly retrieve data.

Also Discharge Abstract Data does not include Quebec data and only partial Manitoba data.  I don't know if I have been of any assistance but if you have further questions I would be glad to help.

CIHI (Larry A. Turewich)

CIHI annually publishes a report by age groups for Canada - as a whole and by provinces/territories (no age groups) giving numbers of discharges/separations for persons who were admitted to a hospital with infections such as a urinary or bloodstream infection or pneumonia, but receives no information on any infections contracted while in hospital. As Judy and Jennifer said the main type of information CIHI deals with is information is on hospital utilization such as patient discharge data and patient days.
Health Canada/CNISP (Marianne Ofner-Agostini)

There is no one place to find the summaries for nosocomial infections across Canada until after we do our Prevalence Survey in February of 2002. However, there are bits and pieces of stuff in articles.

Health Canada/CNISP (Shirley Paton)

Individual institutions may have incidence density numbers, we don't have anything at the national level.. We are in the process of undertaking a national point prevalence survey on nosocomial infections (data collection in January 2002)..  We are planning on converting the prevalence data into incidence in an attempt to get some very tentative numbers related to costs.   Again specific institutions have some good numbers.. (Dr. Simor at Sunnybrook, Dr Bryce in Vancouver, Dr. Zoutman in Kingston)

Dr. Andy Simor

We don't have this data at our hospital.  I don't know of other Canadian hospitals that have such data. 

Dr. Dick Zoutman 

We have Vent assoc pneumonia data and microbiology including MRSA

We have Surg Wound infection data, including % MRSA

We have data on line infections and bacteremias and % MRSA

We have data on Clostridium difficile infection rates

Not much PRSP in this region yet. We had VRE outbreak May 2000, not much since then.

As far a Canadian published data, if CHEC members don not have it, it does not exist. Could poll them if you have not already done so.

Appendix B: Cost Details
MRL cost estimates from Pauline Fallis, RN, B.Admin(HS), CIC, Humber River Regional Hospital Infection Control Practitioner, and staff in Laboratory Services, Environmental Services, Purchasing Services and Pharmacy Services in the Toronto East General. Indicates cost breakdown, exclusive of therapy, to house one MRSA patient.

	Description of Cost Item
	unit cost 
	  Unit 
	 quantity
	
	Cost

	MRSA cultures tested 
	$15.00
	each
	21
	
	$315.00

	Days in isolation/private room*
	$185.0
	day
	28
	
	$5,180.00

	Added nursing time per hour* 
	$24.00
	0.04
	24x28
	
	$645.12

	Days of added environmental cleaning
	$17.82
	0.5
	28
	
	$249.48

	Added environmental services for terminal cleaning
	$17.82
	1.25
	1
	
	$22.28

	Isolation gowns
	
	$0.29
	each
	50x28
	
	$406.00

	Examination gloves
	$7.00
	box
	1x28
	
	$196.00

	Number of procedure masks
	$0.11
	each
	50x28
	
	$154.00

	Mupirocin ointment masks
	$15.00
	each
	3
	
	$45.00

	2% chlorhexidine gluconate (500ml) bottles
	$2.35
	each
	4
	
	$9.40

	
	$7,222.28


*MRSA patients spent an average of 28 days in isolation, requiring an extra 2.4 minutes of nursing time per hour (0.04x60 minutes) due to special infection control precautions.

Cost estimates from Papia et al. (Table 3, reference #25)

	Description of Cost Item
	unit cost 
	  Unit 
	 quantity
	
	Cost

	MRSA cultures tested 
	$8.34
	each
	15
	
	$125.10

	Lost revenue lost isolation/private room*
	$210
	day
	36
	
	$3,024.00

	Nursing time per contact (charged per minute)*
	$0.36
	1
	60x36
	
	$777.60

	Days of added environmental cleaning
	
	
	
	
	

	Added environmental services for terminal cleaning
	
	
	
	
	

	Isolation gowns
	
	$0.46
	each
	60x36
	
	$993.60

	Isolation gloves
	$0.14
	pairs
	60x36
	
	$302.40

	Number of procedure masks
	n/a
	
	
	
	

	Mupirocin ointment 
	$15.00
	each
	1
	
	$7.40

	2% chlorhexidine gluconate 
	$5.04
	each
	1
	
	$5.04

	
	$5,235.14


*40% of other usage otherwise reimbursable from patients with supplemental private insurance. MRSA patients spent an average of 36 (range 1-138) days in isolation, with 60 patient-contact events per day.

Appendix C: Interview Scripts
1) Patient Script
Part One: Introduction
(Note: Script written as though interviewing the patient; however, these questions can be rephrased slightly to also cover interview of relative of a patient who has died).

I’m part of a team preparing a report on the impact of antibiotic resistant infections in Canada.  Our report is intended to stimulate appropriate actions by both health care workers and politicians to protect Canadians from these infections. Interviews with people like yourself will be a very important part of our report because your story tells the real cost of these infections.  What you are doing today is very important and could have important ramifications on the health of many people. Thank you for being willing to share your experience with us.
You should know that I’m not a physician or other type of health care professional.  I have a science background, specialize in science and health reporting, and am completing my master’s degree in journalism.  My expertise is in revealing the human side of this important health issue.  Dr. David Birnbaum, a hospital epidemiologist and consultant in infection control who has been hired by the Canadian Committee on Antibiotic Resistance, is supervising my work and will write the final report.
There is no reason for you to feel that you shouldn’t be able to talk openly about any aspect of your experience, but you should consider that since antibiotic resistance threatens everyone, our report from these interviews could potentially appear in the mainstream news.  If you feel uncomfortable providing your name, we will respect your request for anonymity and not reveal your identity.
Do you want me to preserve your anonymity, or may I use your name in my writing?
Do you have any other questions or concerns before we get started?
Part Two: Diagnosis
Let’s begin with what originally brought you to a physician or hospital and continue by recounting the series of events that followed…  
Did your original health problem bring you to your doctor (Go to Part A) or to the hospital (Go to Part B)?
A) DOCTOR
What was your original health problem?  How long ago was that?
What kind of symptoms were you experiencing?  What difficulties were you experiencing?  Pain?
Was there any sense of alarm at the beginning?  Or just the normal treatment of what appeared to be an ordinary problem?
How were you initially treated?
How long did it take for you to know that something wasn’t right?  That the treatment wasn’t working as it was intended?
(Explore the time frame involved, the nature of evidence of infection with a drug-resistant bug.  Repeated visits to a physician and numerous treatments endured by a patient should be detailed, together with any ensuing physical or emotional suffering.) Follow-up probing questions might include:

 How did you know that it wasn’t working?  Illness progressed further?  Or you just weren’t getting better?
 What was the next step?  Different medication prescribed?
 What was the next series of events?  (New drug, waiting period, new drug...etc.)
 When (or after how many visits to your physician) were you told that you had an infection that mild, common drugs could not treat and more toxic drugs were required?
Was it explained to you that instead of having a whole range of drug options, only a few (or possibly just one) remained?
What was your reaction?
How did you feel?
What did you think this meant for your future in terms of everyday life?  
What did you think this meant in terms of your future health?
Were you then admitted to the hospital?  (If yes, continue with Part B)
B) HOSPITAL
What was your original health problem?  How long ago was that?
Were you admitted to the hospital?
Were you screened for antibiotic resistant infections when you were admitted to the hospital?
How quickly was the screening done?  How long after being admitted?
Was the resistant infection detected right away?
· If yes, were you immediately isolated?  How did that make you feel?
· If no, how long was it before the infection was detected?
What was the next series of events?  (New drug, waiting period, new drug...etc.)
Was it explained to you that you had an infection that mild, common drugs could not treat and more toxic drugs were required?  
Were you told that instead of having a whole range of drug options, only a few (or possibly just one) remained?
What was your reaction?
How did you feel?
What did you think this meant for your future in terms of everyday life?  
Did you remain (or have you been) in the hospital the whole time?  Why?  
What did you think this meant in terms of your future health?
Part Three: Life before illness
I need to understand what normal life was like for people before they became ill with a drug-resistant infection, and how becoming a patient changed their life. Experiences of people such as yourself can help me illustrate the vulnerability of all Canadians and the dramatic impact drug resistance can have on a person’s quality of life.
Sample Questions:
Did you consider yourself a generally a healthy person before your infection?  
(Probe an adaptive concept of health, not an enumeration of specific disease episodes: despite any chronic health problems, could they lead an active and satisfying life?) Follow-up probing questions to a “no” response might include:
 Why not?
 How often were you too sick to enjoy your favorite activities?
 How well were you able to maintain your daily living activities despite these health problems?
What would a normal week-day have been like for you before your illness? What did you enjoy doing on a typical day during the work week?
 Discuss work and occupational activities. 
 Discuss hobbies.
 Discuss recreational and spiritual activities.
 Discuss time shared with family & friends.
What would you typically do on week-ends or vacations before you became ill?
Part Four: Life presently
Now let’s discuss your current way of life compared to life before this illness.  (Note: this can be very difficult for some subjects, as their lives will have changed dramatically, so sensitivity will be important).
Sample Questions:
What is a typical day like for you now?
 Are there some days better than others?  Easier days?  More difficult days?
 What makes the easier days easier?
 Do you feel worse or better on some days?  
How have things changed in your daily life?  (Clearly, this question may be inappropriate for some patients.)
 I can see that your daily routine has changed. Do you generally feel weaker?  Or stronger?  More tired?  Or more energized?  Lack of enthusiasm to do things?
 How has your illness affected your impression of yourself?
 Do you think this will improve with time?
 What do you miss the most?
 A sense of their feelings and emotions is needed.  Is it Frustration?  Anger?  Confusion?
Do you or others have concerns about safety of your family?  Of friends?
 Are you able to see your family and friends without fear?  
 What precautions are taken?  Are they permitted to touch you?  (Hug, hold hands)
 Are children advised not to get too close to you?
 Do you see family/friends now as much as you before?
What do you do to manage?
 Who do you turn to for advice or information?  (They will probably list a bunch of people, none of whom will be their physicians or nurses.)
 What about your physicians and nurses?  Are you comfortable speaking with them?  Were they helpful before you left hospital? After you left hospital?
 (If no longer in hospital or under some sort of supervision) Do you follow the instructions for your medication?
(If Part 2 suggests a hospital-acquired infection) Do you think someone is responsible for your illness?  Is someone at fault?
(If age or rehabilitation required discharge to a facility other than home) When you were ready to leave the hospital, did you try to gain admittance to an extended care facility?  If so, how did that go? What was the outcome? 
Part Five: Conclusion
Thank you for sharing your story with me.
Is there anything else you would like me to know about your experience?
Is there message in particular that you would like to say about your experience - one thing that stands out that you want people to know?
2) Health-care Provider Script

Part One: Introduction

I’m part of a team preparing a report on the impact of antibiotic resistant infections in Canada.  Our report is intended to stimulate appropriate actions by both health care workers and politicians to protect Canadians from these infections. Interviews with people like yourself, who actually work with patients infected with drug-resistant organisms, will be a very important part of our report because your story tells the real cost of these infections.  What you are doing today is very important and could have important ramifications on the health of many people. Thank you for being willing to share your experience with us.

You should know that I’m not a physician or other type of health care professional.  I have a science background, specialize in science and health reporting, and am completing my master’s degree in journalism.  My expertise is in revealing the human side of this important health issue.  Dr. David Birnbaum, a hospital epidemiologist and consultant in infection control who has been hired by the Canadian Committee on Antibiotic Resistance, is supervising my work and will write the final report.

There is no reason for you to feel that you shouldn’t be able to talk openly about any aspect of your experience, but you should consider that since antibiotic resistance threatens everyone, our report from these interviews could potentially appear in the mainstream news.  If  you feel uncomfortable providing your name, we will respect your request for anonymity and not reveal your identity.

Do you want me to preserve your anonymity, or may I use your name in my writing?

Do you have any other questions or concerns before we get started?

Part Two: Experience with drug-resistant organisms

We will need to document the extent of experience health-care professionals have with drug-resistant bacterial infections.  Does this come up often in their daily work?  We will also explore the diagnosis stage and series of actions taken before diagnosis.

What kind of ward do you work on?

What kind of experiences have you had with drug resistance?

· Seen it in your own patients?

· Talked about it with concerned patients or peers? How often does this concern come up?

· Been in the middle of an outbreak situation?

· Been infected or colonized yourself?

On the average, how many patients on your ward tend to be infected?  Out of how many? How commonly are these infections with drug resistant pathogens? Has this been a long-standing or just a recent problem?

How do you tell a patient that he or she can no longer be treated with a wide range of mild drugs, that there may be just one drug left or that they require a drug with more serious side-effects?  (Or, how do you tell a child’s parents?)

· How do they typically respond?  

· What do you typically have to do to respond to their fears and ensure their understanding?

· Is it hard?

Part Three: How do cases of drug-resistance affect your work environment?

How is a typical day different for patients with drug-resistant organisms like MRSA or VRE?

· What sort of precautions do you have to take?  Gloves, gowns, extra time…

· Are these precautions standard practice for the entire hospital?  Or different for different wards or hospitals?  Are the precautions followed?

· What does this mean for you?  That is, what do you have to do to help these patients through their day? Do “isolated” patients have special difficulties?

All of these patients are different, because their primary health problem may not be this infection.  Again, what does that mean for your work?  How does this complicate your day?

· Are these patients able to have visitors or do special limits or precautions discourage visitors?

· Are you able to meet the needs of patients and their visitors, or does your work environment make it difficult to do that?

· What do you do when patients/family/friends do not cooperate?  Do visitors ever slip in?

Part Four: Personal concerns
Do you fear for your own safety?  Contracting the same resistant organisms?

Does this fear result from observing potentially problematic procedures?

Do you fear being the source of transmission to your family? friends? other patients in the hospital/clinic who may be in a vulnerable state?

Do you know of any caregivers who have been relieved from duty, or have you ever been relieved, due to colonization by a resistant organism?

What is the health care system doing well to address these issues?

What is it not doing well?

Is there anything else that you would like to share about your experience treating patients who are infected with drug-resistant organisms?

Appendix D: Integrated Action Plan Recommendations from 1997 conference

1) To reduce overall antimicrobial usage (prescriptions) by 25% within 3 years by focusing on community-acquired respiratory infection.

2) To improve funding and access to expert resources on antibiotic use in all Canadian health care settings.  This will be accomplished by the creation of expert panels to promote local antibiotic use protocols and to provide case consultations as an adjunct to existing provincial or regional public health networks.

3) To establish antibiotic stewardship and antibiotic use teams in all Canadian hospitals by (a) incorporating them into accreditation standards; (b) obtaining support from the medical and administrative leadership.

4) To establish antimicrobial usage, monitoring, and intervention programs at the long-term care institutional level: short-term (monitoring of antimicrobial usage), intermediate-term (monitoring of antimicrobial appropriateness) and long-term (optimizing antimicrobial use).

5) To improve the public’s perception about the risks/benefits of microorganisms and the risk/benefits of antimicrobial therapy.

6) To improve physicians’ perceptions about the risk/benefits of microorganisms and the risk/benefits of antimicrobial therapy.

7) To establish a surveillance system permitting timely acquisition and analysis of local, regional, provincial/territorial and/or national data concerning antimicrobial resistance in human pathogens.  The specific organisms and the methodology should be determined by an expert working group.

8) To establish a system within acute care hospitals to identify at admission and throughout hospitalization, as needed, patients at high risk of harbouring antibiotic-resistant bacteria.  These patients should then be screened for the presence of antibiotic-resistant organisms.

9) To create an expert working group to establish national laboratory standards for the detection of antimicrobial-resistant bacteria.  These standards will include sample collection and transport, the use of appropriate selective media, identification and antimicrobial susceptibility testing techniques, reporting, and molecular biology techniques used for molecular epidemiology.  These standards will include recommendations concerning proficiency testing and training.

10) To determine the scope of antimicrobial resistance and antimicrobial usage in long-term care facilities through either a pilot study involving selected long-term care facilities or thorough a sentinel system of long-term care facilities.  This pilot would be sued to study the epidemiology and antimicrobial resistance, antimicrobial use and other related issues.

11) To establish a national surveillance system to monitor antibiotic resistance and antimicrobial use in the agrifood and aquaculture sectors.  The exact modalities of the system, the target microorganisms, the methods to be used and the involvement of stakeholders in promoting the judicious use of antimicrobials should be determined by an expert working group.

12) To make notifiable at the provincial/territorial and national levels certain infectious due to antimicrobial-resistant microorganisms.  An expert working group should establish the list of microorganisms and the case definitions for the purpose of surveillance.

13) To mobilize leadership mechanisms to address antimicrobial resistance.

14) To generate, interpret and disseminate information that will support evidence-based approaches to dealing with antimicrobial resistance.

15) To identify structures and key human resources at the care-setting and (local) regional levels that are/will be most responsible for coordinating the care of clients/patients/consumers affected by antimicrobial-resistant organisms.

16) To communicate information that will improve understanding and actions concerning antimicrobial resistance.

17) To ensure that adequate resources for infection control programs and personnel exist in all Canadian health care settings (including home care, acute care, long-term care, childhood and adult day-care programs) and to recognize that these programs should be an integral part of the overall program to limit the transmission of antimicrobial resistance.

18) To urgently review (within 1 year) infection control guidelines regarding the resources and personnel required in the changing health care environment.

19) To convene a Canadian Coordinating Committee on Antimicrobial Resistance (CCAR) within 6 months of this conference.  This committee, with a broad representation of stakeholders, will meet twice a year and will take leadership and responsibility for ensuring effective implementation of recommendations by the stakeholder groups.

20) To provide CCAR with a full-time secretariat (financed chair).

21) To subject each recommendation of this consensus conference to periodic review and evaluation to examine i.) the stage of implementation and its effectiveness in mobilizing leadership mechanisms to address antimicrobial resistance issues; ii) its effectiveness in terms of measurable outcome goal achievements.

22) To develop a strategy to ensure that adequate resources are allocated for the implementation of the overall recommendations.

23) To explore regional funding mechanisms to ensure the availability of needed experts (infection control, infectious diseases, medical microbiologists) now and in the future.

24) To incorporate consumers (targets) and local issues in the development of communications plans for each recommendation.  These plans will include needs assessment and identified barriers.  Consumers may help to identify positive factors.

25) To develop communication strategy for each recommendation (Who will organize; Who are the targets; What resources are necessary, existing vs. new; What communications modality will be used; What are the time lines; How will the effect of the communication strategy be evaluated?).

26) To prioritize each recommendation based on the underlying evidence and importance to antimicrobial resistance and usage.

27) To use a communications package that will promote behaviour change in usable, practical, attractive, achievable steps.  Ongoing evaluation of the communications strategy will permit modification and improvement.

Fear and uncertainty often extend beyond the patient to touch family and friends…  





Perched on the edge of  a hospital bed, his packed bag on the floor beside him, S.T. anxiously awaited his final test results. His back surgery went well, but he subsequently developed a surgical wound infection that the usual antibiotics of choice couldn’t clear.  That crucial diagnosis meant two months living in an isolation room, tucked away in the corner of a hospital in Atlantic Canada. If his test result is negative for MRSA, he’s free to leave.  Otherwise he believes he’ll return to eating steak and potatoes on Styrofoam plates using flimsy plastic cutlery -  back to the impersonal world of seeing or touching loved ones only through the barriers of gowns, gloves and masks.  “The only thing I saw of anybody was their two eyes,” says S.T., his booming voice projecting his strong accent. Even when his wife came to visit, “she had a cap and gown, boots, gloves, mask, everything. I was in prison for two months.”





“Lots of people, some of our friends even…were scared,” said his wife. “A lot of people wouldn’t come because they were nervous. They didn’t know if it was something they could catch and take home to their kids.”  “We didn’t know,” she says. “We had no answers, and we couldn’t find any.”





Instead of one surgery as planned to repair decaying discs in his back, he endured additional procedures and months of isolation. Fishing trips and walks in the forest are impossible now since he has permanent problems with the sensitivity of his legs and feet.





When the nurse finally approached, she smiled and gave him the long-awaited “thumbs up” sign. Before she could speak, “I reached down, picked up my bag and walked right out of the hospital,” says S.T.  His departure was so fast, they called him back later to sign his release papers and pick up instructions and medication.  S.T.’s  last negative test for MRSA was in 1999. Persistent drugs and cleaning finally cleared his wound and doctors say he has no reason to worry, so he assumes he’s been free of the problem ever since. But he fears, like others who have been infected, that the bacteria hides somewhere in his body, waiting for a new opportunity to bloom.





And he wonders if his doctors really believe he is MRSA-free, since he’s no longer allowed to donate blood, something he did regularly before his infection. Plus, his file flags him as a former MRSA-carrier so any future hospital visits must start in an isolation room.





“So how do you know that you don’t have it,” his wife asks, wiping tears from her eyes.  “I don’t. I don’t know.”








The toll is both emotional and financial…  





K.M., a businessman who works from his home office in Central Canada, developed MRSA infection after hip-replacement surgery last April. “It certainly has upset my recovery,”  Although his condition improved enough to move safely from hospital to community care, his frustrations continue.





“It’s very harsh,” says K.M., remembering the four weeks he spent in isolation. His grandkids were “not sure if they wanted to see their Grandpa. They had their gowns on, sometimes masks.  They couldn’t really touch me.  That was a no-no.  They couldn’t give me a kiss or anything like that.”





An avid businessman with decades of experience, K.M. explained how costly the experience has been.  He showed us the bill for some of his drugs, $1,800 paid by the system for just two months on zyvoxam and linezolid, and described how since his infection “my business has dropped dramatically.”  His infection disrupted his industrial design company.  “I should be going to Montreal. I should be going down to the states,” he lamented, frustrated that he can’t travel for more than a day to meet with his clients in person because his wound dressing must be changed daily by a home-care nurse.  It used to be worse, needing changes twice a day,  and “…if you’re away for a day and you spend half a day waiting in a hospital to get a dressing changed…”   Without careful planning and limitations on his schedule, it is embarrassing because the wound can sometimes seep through an old dressing and onto his clothes. “It’s not nice when you’re walking around with a big leak in the back of your pants”





An additional challenge for him is dealing with the unknown.  Another surgery this month will try to determine if MRSA is hiding in his hip prosthesis. Doctor’s fear that once his antibiotics are stopped, the infection will flare up again.  If they find something, he may be in isolation again, and if they don’t find anything, they have done surgery for no reason.  “This has had a hell of an effect on the business I’m running.”





 “I don’t know when I go back into the hospital…whether I’m going in for two days or two months,” says K.M. “That could put my business down the drain.”








Life threatening illness…





I.E., a Western Canadian, thought he was going to lose more than just cherished day-to-day activities in 1994 when doctors asked him if he would rather spend his final weeks in the hospital or at home.  He chose to go home after about three months in isolation, and so palliative care was arranged.  He continued antibiotic treatment, but doctors explained that the plastic patch in his chest, implanted after he suffered an aortic aneurysm the previous year, could not be cleared of MRSA.  It kept pumping out more MRSA every time the antibiotics were stopped.  His wife, who was out of town that fateful day, “Never drove home so fast in her life.”  An infectious diseases specialist, Dr. U.M., then joined the case and began long-term high-dose treatment, the largest dosage of potent drugs that Dr. M. had ever seen administered without adverse side-effects.  Dr. M explained that, when asked what hurts the most, patients tend to answer “I almost died… They almost neglected me… or Nobody understood – they isolated me – I felt like a leper – I feel like a victim”  In Mr. E’s case, “it was decided that he was going to die.”  But Dr. M’s philosophy is that “you don’t lose until you lose” so he began aggressive treatment of a patient who spent months near death “living, but not really living.”  There were other complications (“The amount of pus coming out of me was phenomenal”), but the infection gradually cleared over years of treatment.








Diminished level of care, delays in rehabilitation …





F.L., a tall, muscular, septuagenarian living in Western Canada used to enjoy building things in his wood-working shop and driving his truck out to a nearby lake.  He entered hospital with a gangrenous toe only to find himself in ICU after a stroke and heart attack.  MRSA complicated his heart valve replacement, and his leg was amputated.  His wife, his daughter and her husband all visited despite having to put “coats” on every time, but they tell another story of one day when his daughter came to visit,  “he rang and rang for the nurse to take him to the bathroom.  No one came, so he tried to get to the bathroom himself.  On the way he wet himself and fell on the floor.”  When his daughter and her husband walked in, “there he was lying on the floor in his own urine.”  They continued to call to try to get someone to clean up, and while waiting more than an hour did their best to clean their shoes with alcohol swabs.  After five months in isolation, F.L. was moved to another facility where his food was left at the door getting cold.  “I used to have to go over there twice a day to feed him.  He couldn’t feed himself and there was no one there to feed him…  There were times I came home and I couldn’t see for crying” said his tired wife.  They joke about his ailments and long hospital stays now, as he receives weekly physiotherapy along with his 18 medications and has months of appointments scheduled with his multiple doctors.  But his wood shop remains idle, “he gets too tired… he doesn’t have his strength back yet.”








Lost productivity…





B.G., a Western Canadian in his fifties, used to drive a truck.  A diabetic leg ulcer led to bypass surgery complicated by MRSA infection, so now he receives about a third of his former income through $1,400 a month on long-term disability leave.  He blames no one other than himself, relating his poor circulation to 30 years of smoking four packs a day, and wants to take care of things himself.  He reads, drives his wife to and from work, and cooks dinners, but talks about going back to work after nearly a year of disability.  His doctors aren’t sure if his circulation will be good enough, he has a feeling that they want him off work permanently, and he admits that “my feet get too sore and tired to be sitting that long.”





Confusion and concern about inconsistent practices…





Patients who spent long periods isolated in hospital or who received care in several institutions commented on diminished care and inconsistent staff practices.  I.E., for example, would caution those taking him in a wheelchair for X-rays or bone scans to be gowned and gloved.  But he says some would just go ahead and take him down anyways.  From spending so much time in the hospital with her husband, S.T.’s wife said, “I could count on the fingers of one hand how many times I saw somebody wash their hands.  Nurses and doctors.”  B.G, one of several who commented about hospitals not being clean, commented that while visitors wore gowns “…cleaning staff never used them, never used any gloves or gowns or anything. Never saw them washing their hands.”  N.I observed nurses tell visitors to do all these things, but also saw them break their own rules by not washing their hands nor wearing gloves.  “I’ve watched them.”





Different levels of patient care sometimes require different levels of vigilance.  If a nurse is bathing a patient, gowns and gloves are necessary.  But sitting beside the bed talking to a (MRSA) patient, requires no precautions other than hand washing. When visitors and staff see these differences, mix-ups can occur, furthering this confusion, explained L.I., an infection prevention and control practitioner in Western Canada.  “These patients tend to get ignored sometimes because people who just want to step into the room don’t want to go through the trouble of gowning and gloving. So they won’t even go in.”








Social outcast…





N.I. told us of her mother’s experience with VRE in Eastern Canada.  She is the primary care giver for her nearly 80-year-old mother, who is colonized with VRE and requires hemodialysis.  Her mother’s colonization was discovered during investigation of a VRE outbreak in the dialysis unit.  She and her mother’s physician told of difficulty finding an outpatient dialysis unit willing to accept her to facilitate a vacation trip once the VRE status was disclosed.  At first, no one would take her once they know she had VRE.  Her physician finally made some calls and was successful.  At home, “My mom still feels isolated.”  At her regular dialysis unit, “she goes in three times a week for dialysis and she’s put in a room by herself.  She’s not allowed to mix with the other patients.”  Even visits from her clergy got to the point where “he would just come to the door and peep in and say how are you doing today?  I haven’t got time to come in now… I have other patients to see.”  “Mom used to say, ‘he won’t come in because he’s afraid he’ll catch what I got.’” 





“She comes home feeling depressed,” N.I. says of her mother.  Family come to visit the house, but they’re uncomfortable and “she doesn’t get invited over to their homes.” “Even though doctor says there is nothing to be concerned about, I’m still paranoid.”  “She’s still not living a normal life.  She thinks that family won’t come pick her up because they think they will catch what she’s got.”








Will always have it…





K.T., an active 70-year-old in Central Canada, was paralyzed from the waist down following an 11 hour surgery for his third aortic aneurysm.  Several weeks later, he had bed sores that were colonized with MRSA.  That led to months in isolation.  “It was terrible.”  Family still came to visit regularly and assisted in his care because, since everyone has to put on a gown to come in, others didn’t want to take the time. “We all had to wear masks and gowns and gloves. People won’t bring the meals in for you.  Anything that was used by him all went into separate laundry bags,” his wife said. 





K.T. progressed, went on a waiting list, and eventually transferred to another facility where his wife visits daily, usually bringing him lunch and dinner, despite the trip taking one hour by car or two hours by transit.  They enjoy the more humane approach to infection control in that facility, and were surprised at how different it was, but still are on a waiting list for an extended care facility closer to home where there aren’t enough chronic care facilities.  “We know he’s got it, he’ll always have it.”








Social development of children may be affected…





A group of pediatric nurses in Eastern Canada spoke of problems faced by children who have these infections.  “There has to be an impact of not being allowed to walk past a door and not being allowed to mix with other children.”  It remains “traumatic” despite explanations because “they don’t understand what it means” and they grow up feeling like they are always a trouble.  The nurses commented that these children often were afraid of noises.  This type of patient needs “extra nursing care and extra nursing time” but that isn’t always easy given realities of staffing and scheduling (e.g. physio often comes up to the room instead of dealing with having to wipe down all their own equipment after a MRSA patient, which means they aren’t able to do all the same sorts of exercises, and “even once an out-patient, the scheduling for physio is difficult – always want it at the end of the day so that housekeeping can clean at days’ end.”).  The nurses admitted trying to relax rules a bit, to let parents and their child visit non-populated “out of bounds” areas, but acknowledged that children with MRSA sometimes entered places they weren’t supposed to be. 








Diverted healthcare dollars could be better spent…





Overdue improvements in facilities also are wanted. For example, L.I. says some of the privacy curtains around patient beds have tested positive for antibiotic resistant organisms like MRSA. Unfortunately, they don’t have enough curtains to rotate them through regular cleaning.  And curtains aren’t the only problem. Dr. I. calls the sinks in his Atlantic Canada institution “inane.” Because the spout loops around from the countertop but stops just over the edge, “you can’t use the sink without making a mess…we have buildings where it’s not conducive to wash your hands.”





“We should have reasonable structure, we should have reasonable education and we should have reasonable antibiotic use,” says Dr. I., who set up a database on antibiotic use so that it can be monitored and reported back to the hospital’s physicians.  “The system is set up for transmission,” Dr. M. agrees in Western Canada, “because we have full beds, old facilities, lean staff… We’re more likely to lose than to win.”  He wants to see better hand washing facilities and “ideally, each patient in hospital should be in a separate room.”








While it’s difficult to know for sure if MRSA is responsible for all of a patient’s current ailments, explained Dr. K.I.,  medical director of infection control for an Eastern hospital corporation,  post-operative wound infections can end up jeopardizing the outcome. It’s not inconceivable that a patient’s ongoing problems are due to the infection, but “it’s his perception at the end of the day that rules.” 





And perception is everything according to T. S., nurse manager at a teaching hospital in Central Canada. If patients feel loss of contact from nurses it has the potential to send them into a downward spiral towards despair, she says.  “Whenever there are obstacles or challenges, like putting a mask between your face and the patient, or putting gloves between yourself and the patient, it has the potential to create barriers for nurses to connect with patients.”





Although nurses are trained to take required precautions in order to limit the spread, says T.S., isolation jeopardizes the type of environment  compassionate nurses need to meet patients’ needs and deliver care “on more than a technical level.” 





“We have to arrange for a private room,” says T.S., “so we will have to move patients out of private rooms if they are in them.  That has a whole bunch of negative sequelae.”  Sometimes patients are in private rooms because they are dying, but there isn’t another option and we have to move them into a room with another person or, worse, into a four-bed room.  “That’s not what we want to do.”  Sometimes people are in a private room just because they want to pay for that privilege, and then “they get extremely angry at the nursing staff who are trying to administer professional care.”  The staff are just trying to protect the rest of the patients, so have no choice but to move people around.  “There is also a huge expense cost because a private paying patient is no longer in a private room.  It is costly.”  That is money that can no longer be used on staff or supplies.  Sometimes patients who are immunocompromised are in a private room because “they need to be in a protected environment. If we need to move these patients, there is a risk created in that.”  And sometimes all the few private rooms on her ward are filled with “ARO” (antibiotic resistant organism) patients.  Isolation, room changes, and other barriers take their toll.  “Despair happens.  I’ve seen it.  And it kills me.  It makes me sick to the heart.”




















“Mr. S.T. was being treated during a reasonably large and very well publicized outbreak.  Much ‘superbug’ stuff in the paper and on TV…” said his doctor.  “It was the first time that the dreaded ‘Ontario Strain’ was seen here and the ICU was affected.  We even closed the ICU to new admissions for a time and there was fear that the explosive spread seen in several Ontario hospitals would occur here.  I can imagine that there were many mixed messages flying around amongst healthcare workers and lay people that Mr. T. and his wife would have been subjected to…  Of course his discharge should not be dependant on MRSA culture results but it appears that is what he thought.  He also was proffered information and I personally answered many questions.”
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