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Abstract

A retrospective study of patients hospitalized with influenza and/or pneumonia in

a Niagara area community hospital for the influenza season 2003-04 was designed with

the main goal of enhancing pneumonia surveillance in acute care facilities and the

following specific objectives: 1) identify etiologies, factors, and clinical presentation

associated with pneumonia; 2) assess the ODIN score on ICU patients to predict

outcomes of severe pneumonia; 3) identify the frequency of pneumonia and influenza in

a hospital setting; and 4) develop a hospital pneumonia electronic surveillance tool.

A total of 172 patients' charts (50% females) were reviewed and classified into

two groups: those with diagnosis of pneumonia (n=132) and those without pneumonia

(n=40). The latter group consisted mainly of patients with influenza (85%). Most

patients were young (<10yrs) or elderly (>71yrs). Presenting body temperature <38°C,

cough symptoms, respiratory and cardiac precomorbidities were common in both groups.

Pneumonia was more frequent in males (p= .032) and more likely community-acquired

(98%) than nosocomial (2%). No evidence of ventilator-associated pneumonia was

found. Microbiology testing in 72% of cases detected 19 different pathogens. In

pneumonia patients the most common organisms were Streptococcus pneumoniae (3%),

Respiratory syncytial virus (4%), and Influenza A virus (2%). Conversely, Influenza A

virus was identified in 73% of non-pneumonia patients. Community-acquired influenza

was more common (80%) than nosocomial influenza (20%). The ODIN score was a good

predictor of mortality and the new electronic surveillance tool was an effective prototype

to monitor patients in acute care, especially during influenza season. The results of this

study provided baseline data on respiratory illness surveillance and demonstrated that

future research, including prospective studies, is warranted in acute care facilities.
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Glossary

Airborne transmission- Airborne transmission is the dissemination of the nuclei of

evaporated droplets that may have been suspended in the air for long periods. The

infected particles can be dispersed by air currents and inhaled by susceptible persons over

a longer distance.

ARDS - Acute respiratory distress syndrome.

Attack rate-A variant of an incident rate, applied to a narrowly defined population

observed for a limited period of time, such as during an epidemic.

CAP- Community-acquired pneumonia

Carrier- A person or animal who harbors the infectious agent for a disease and can

transmit it to others, but does not show signs of the disease. A carrier may be

asymptomatic (never show signs of the disease) or may show signs of the disease only

during the incubation period, convalescence, or postconvalescence. The period of being a

carrier may be short (a transient carrier) or long (a chronic carrier).

Case- In epidemiology, a countable instance in the population or study group of a

particular disease, health disorder, or condition under investigation. Sometimes, an

individual with the particular disease.

Case definition -A set of standard criteria for deciding whether a person has a particular

disease or health-related condition, by specifying clinical criteria and limitations on time,

place, and person.

xv
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Case-fatality rates- The proportion of persons with a particular condition (cases) who

die from that condition. The denominator is the number of incident cases; the numerator

is the number of cause-specific deaths among those cases.

Cause of disease-A factor (characteristic, behavior, event, etc.) that directly influences

the occurrence of disease. A reduction of the factor in the population should lead to a

reduction in the occurrence of disease.

US CDC- United States of America Centers for Disease Control and Prevention, Atlanta,

Georgia.

Clinical characteristics -Information about the illness including signs and symptoms,

time of onset, and results of tests and examinations.

Close Contact Person- One who has cared for or lived with someone infectious, or had

direct contact with the infected person's respiratory secretions or bodily fluids. Examples

include kissing, hugging, sharing eating or drinking utensils, touching or talking to

someone within 3 feet.

Contact Person -exposed to someone that is infectious.

Demographics- The "person" characteristics—age, sex, race, and occupation—of

descriptive epidemiology used to characterize the populations at risk.

Droplet transmission- Transmission of infectious agents that are generated by an

infectious person and propelled a short distance through the air (e.g. Coughing, sneezing,

talking) and deposited on the mucous membranes of the susceptible person.

Distribution- In epidemiology, the frequency and pattern of health-related characteristics

and events in a population.

xvi
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Endemic- Infection or disease that occurs at regular frequency in a population.

Epidemic-The occurrence of more cases of disease than expected in a given area or

among a specific group of people over a particular period of time.

Epidemic curve -A histogram that shows the course of a disease outbreak or epidemic by

plotting the number of cases by time of onset.

Epidemiology-The study of the distribution and determinants of health-related states or

events in specified populations, and the application of this study to the control of health

problems.

Etiology -Causative agent of an infection.

FluWatch- Influenza surveillance reports posted by Health Canada's weekly during

influenza season and biweekly during the remainder of the year.

GPHIN- Global Public Health Intelligence Network of Health Canada. It is a secure

multilingual internet-based, early warning system that gathers initial media reports of

public health significance 24 hours a day, 7 days a week. The information is filtered,

analyzed and made available to subscribers. Notifications about public health events that

may have serious public health consequences are immediately forwarded to users

High-risk group-Group in the community with an elevated risk of disease.

Host- Person or other living organism that can be infected by an infectious agent under

natural conditions.

Host factor- An intrinsic factor (age, race, sex, behaviors, etc.) which influences an

individual's exposure, susceptibility, or response to a causative agent.

xvu
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Incidence rate-A measure of the frequency with which an event, such as a new case of

illness, occurs in a population over a period of time. The denominator is the population at

risk; the numerator is the number of new cases occurring during a given time period.

Incubation period -Time period between exposure to an infectious agent or toxin and

the first appearance of symptoms of the infection or intoxication.

Infection Control -Practice Measures used to decrease the risk of transmission and

acquisition of communicable or hospital-acquired infections through hand washing and

personal protective equipment, and appropriate handling of infectious waste.

Line list -A list of selected information about each case in an outbreak. Each column

represents an important variable (e.g., patient identifier, age, sex) while each row

represents a different case.

Ministry of Health and Long Term Care-Ministry of Health and Long Term Care

NACI -National Advisory Committee on Immunization

ODIN- Organ dysfunction and/or infection model

Outbreak- Synonymous with epidemic. Sometimes the preferred word, as it may escape

sensationalism associated with the word epidemic.

Outcome measures-One of the types of measures used to monitor the effectiveness of a

program or intervention. Outcome measures examine changes in the health status of the

target population as the program is implemented such as mortality, morbidity, disability,

or the quality of life.

ProMED- Program for Monitoring Emerging Diseases sponsored by the Federation of

American Scientists and the International Society for Infectious Diseases

xvin
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Quarantine Act- Gives quarantine officers at Canadian ports of entry and exit have the

authority to detain a person if necessary. The Act (lists cholera, plague, yellow fever,

smallpox) has been amended to include SARS.

Rate- An expression of the frequency with which an event occurs in a defined

population.

Re-emerging- Infectious diseases that have existed previously but are increasing in

incidence or geographic range. Examples: Tuberculosis, West Nile Virus.

Relative risk-A comparison of the risk of some health-related event such as disease or

death in two groups.

Risk factor-An aspect of personal behavior or lifestyle, an environmental exposure, or an

inborn or inherited characteristic that is associated with an increased occurrence of

disease or other health-related event or condition.

SARS-Severe Acute Respiratory Syndrome

SARS-CoV-New coronavirus causing SARS

Surveillance- Collection of data before interpretation.

Trend- A long-term movement or change in frequency, usually upwards or downwards.

Variable-Any characteristic or attribute that can be measured.

WHO- World Health Organization created by United Nations in 1948, involved in global

surveillance of infectious diseases.
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CHAPTER ONE: INTRODUCTION

The unexpected occurrence of Severe Acute Respiratory Syndrome (SARS) in

2003 placed Canada on the alert when Toronto, Ontario experienced two outbreaks

(Health Canada, 2003a). Since then, the World Health Organization (WHO) has placed

the importance of respiratory illness surveillance on the forefront to keep clinicians aware

of the possible re-emergence of SARS or any other unknown emerging infectious

disease.

Another key reason for this renewed interest in respiratory surveillance is the

possibility of an emergence of a new influenza pandemic, because of the cyclic patterns

of how historical influenza pandemics have occurred (Health Canada, 2004c). With the

particular emergence of avian influenza in humans in Asia from 2003, a pandemic

influenza may arrive sooner than previously believed. Consequently, the WHO and

Health Canada are on guard for possible antigenic shifts and recommending pandemic

preparedness. Understanding the etiologic trends of influenza type A strains and vaccine

composition in Canada is helpful information that may provide early warning signals of

pandemic threats.

Despite current efforts, specific respiratory illness surveillance for influenza and

SARS is not linked to pneumonia surveillance in the acute care facilities of small

communities. Therefore, current surveillance techniques may not be sufficient to detect

an early-unnoticed respiratory outbreak. According to Health Canada (2004a), if a new

case of SARS were to reappear, it would most likely occur in an acute care facility.
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Since pneumonia is known to be one of the major complications of influenza and SARS,

studying the clinical patterns and etiologies of pneumonias and influenza in acute care

facilities would fill an existing gap in efforts to monitor those diseases. As a result,

infection control programs could be able to alert public health authorities earlier when

respiratory illness outbreaks are identified from enhanced pneumonia surveillance.

Enhanced pneumonia surveillance can be achieved by increasing the respiratory

disease monitoring in hospitals, and comparing the surveillance results regularly to the

hospital's baseline data. Unfortunately, no previous surveillance studies on community-

acquired pneumonia (CAP) or health-care associated pneumonia have been undertaken in

a Niagara community hospital to provide the evidence-based baseline data. The Niagara

Region is especially important not only because of its proximity to Toronto, the epicenter

of past SARS outbreaks, but also Niagara Falls is an important portal of entry for people

from around the world.

Patients with severe complications of pneumonia could have a fatal outcome as

seen with SARS and influenza. Predicting the risk of mortality of critically ill patients

with pneumonia and/or influenza could alert clinicians for unusual occurrences or

unnoticed trends within their hospital. The organ dysfunctions and/or infection (ODIN)

score is a measure used to predict the mortality of critically ill patients, and is based upon

the presence or absence of six organ dysfunctions and/or infection in patients admitted

within 24 hours to an intensive care unit (Fagon, Chastre, Novara, Medioni, & Gilbert,

1993). No studies have been done in the Niagara Region to assess the usefulness of the

ODIN in predicting mortality of patients with severe respiratory infection.
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In view of these research gaps and diagnostic surveillance, a study was conceived

in the Niagara Region with the general objective of enhancing pneumonia surveillance in

an acute care facility, and the following four specific objectives: 1) identify the

etiologies, factors, and clinical presentation associated with pneumonia; 2) assess the

ODIN score on ICU patients to predict outcomes of severe pneumonia; 3) identify the

frequency of pneumonia and influenza in a hospital setting; and 4) develop a hospital

pneumonia electronic surveillance tool.

To address these specific objectives, six research questions were formulated: 1)

What are the microorganisms associated with pneumonia and influenza diagnoses? 2)

What factors are associated with pneumonia diagnoses? 3) What are the clinical

presentations associated with pneumonia and influenza diagnoses? 4) Can the ODIN

score predict pneumonia mortality in an ICU setting? 5) How many patients were

diagnosed with pneumonia and influenza? and 6) What is the role of influenza virus

related to pneumonia diagnoses?

To fulfill these objectives, a retrospective study was designed to evaluate medical

records from patients diagnosed with influenza and/or pneumonia, and hospitalized in a

community hospital in the Niagara Region during the 2003 to 2004 influenza season.

This investigation was an initial step to obtain baseline data to enhance pneumonia

surveillance in acute care facilities, and provide the foundation for future research.
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CHAPTER TWO: REVIEW OF LITERATURE

Health Canada as part of the government of Canada leads the country in matters

of infectious disease preparedness and response, and coordinates a nation-wide

surveillance with provincial/territorial health systems (Health Canada, 2003a). Presently,

early detection of infectious diseases at the global scale is shared responsibility of

international organizations such as the WHO, Health Canada's Global Public Health

Intelligence Network (GPHIN), the European Influenza Surveillance System, the US

Center for Disease Control and Prevention (CDC), and the Hong Kong Department of

Health. Health Canada also collects infectious disease information from other sources

including general media reports, and electronic discussion sites such as the Program for

Monitoring Emerging Diseases (ProMED) (Health Canada, 2003a).

An extensive literature review on Health Canada's public health surveillance

measures was completed for this thesis to identify gaps in respiratory illness monitoring.

Reviews of government reports, federal structures, pandemic planning, and enhanced

pneumonia surveillance is discussed in the following section 2A. In section 2B,

additional discussion on pneumonia illness, and the highly profiled pathogens SARS-

CoV, and influenza viruses is presented.





A hospital study

2A: ENHANCING SURVEILLANCE AND COMMUNICATION OF

EMERGING RESPIRATORY INFECTIONS

Presently the world population is affected by a number of emerging and

reemerging infectious diseases, where SARS and avian influenza in humans are two

examples of emerging infectious diseases in this century. Some factors associated with

emergence or reemergence of infectious diseases are globalization, ecological changes,

human behaviour, technology, microbial adaptation and deficient public health

infrastructure (WHO, 2003b). In order to reduce the incidence and effects of infectious

diseases, improved surveillance and communication methods are necessary (WHO,

2003b).

The WHO has recommended all countries to remain vigilant for potential

reemergence of SARS (WHO, 2003b), but seasonal occurrence of influenza may

confound SARS surveillance. In 2004, Health Canada formulated national surveillance

recommendations for severe or emerging respiratory infections in the SARS post-

outbreak period. In addition to these public health recommendations, hospitals were

further recommended to refer to their provincial protocols for supplementary details

(Health Canada, 2004c). As learned from the SARS experience, the most probable

setting to detect reemergence of SARS or other emerging respiratory infections would be

acute care facilities (Health Canada, 2004a). The Canadian strategy was consistent with

the WHO recommendations for SARS surveillance (WHO, 2003a). Furthermore, Canada

adopted a proactive surveillance approach and included those alerts of potential
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epidemiological links for hospitals with severe respiratory illness, SARS-like illness,

severe influenza-like illness or other emerging respiratory illness not yet diagnosed

(Health Canada, 2004a). Through better surveillance for severe or emerging respiratory

infections, Health Canada's main goal is to prevent large-scale epidemics and outbreaks

of respiratory infections associated with increased morbidity and mortality. Enhanced

surveillance ensures that all provinces and territories have implemented a hospital-based

surveillance capable of detecting specific alerts (Health Canada, 2004a).

Without effective surveillance tools, new respiratory infectious diseases will

emerge and threaten public health. For the past decade, efforts to improve Canada's

public health infrastructure with respect to monitoring infectious disease and control have

been documented. Committees appointed by the government of Canada were created

after the SARS outbreaks to review public health infectious disease policies. As a result,

detailed examinations and critiques of Canada's public health system were undertaken, as

evidenced by the Campbell Report (Campbell, 2004), the Walker Report (Walker et al.,

2004), and the Naylor Report (Naylor et al., 2003). Proposed recommendations of the

above mentioned reports subsequently follow.

2A.1 Campbell Report

In April 2004, a committee led by the honourable Mr. Justice Archie Campbell

released an interim report discussing SARS and Ontario's public health system problems

(Health Canada 2004c). Some of these problems supported the argument for the need of

enhanced hospital surveillance methods, and are described below.
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2A. 1.1 Lack ofpandemic influenza plan

Despite reported past efforts, one of the problems identified when SARS arrived

was that Ontario did not have a pandemic influenza plan in place that could have been

used as a template for SARS outbreaks (Campbell, 2004). However, Ontario had

borrowed the 2003 Pandemic Influenza Preparedness Plan from British Columbia Center

for Disease Control (Campbell, 2004). In May 2004, the Ministry of Health and Long

Term Care had released the Ontario Health Pandemic Influenza Plan for use in

conjunction with the federal plan. The federal 2004 Canada Pandemic Influenza Plan

reported that future influenza pandemics are inevitable and cannot be predicted,

reinforcing the need for enhanced respiratory surveillance (Campbell, 2004).

2A. 1.2 Lack ofepidemiological unit

Another problem identified in the report was the absence of a functioning

epidemiological unit in Ontario to gather, track, confirm, investigate, analyze, and

provide any information about infectious cases with their contacts (Campbell, 2004). An

expert group was rapidly compiled to protect the hospitals, public health and gather the

necessary information.

2A. 1.3 Outdated data system

According to Campbell (2004), the provincial data system used to report

notifiable diseases nationally was out-dated. The Reportable Disease Information System

(RDIS) was a DOS-based system built in the 1980's and programmed for specific

diseases (Campbell, 2004). Therefore, that system was not useful for SARS and could

not be modified either to adapt to new, diseases. The Toronto Public Health Unit relied on

a paper-based case tracking system. Excel spreadsheets were inefficient and could not
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show detailed analysis such as generating graphs for incubation periods, distribution of

symptomatology, and disease characteristics. Thus, the need for effective electronic

surveillance tools was evident.

Similarly, the WHO (2003a) recommended that interventions for early

identification and integration of epidemiological, clinical and laboratory data into a

system were needed. Strengthening links between hospital infection control data and

public health data was required to enhance surveillance and communications.

2A.2 Walker Report

In May 2003, the Minister of Health and Long Term Care of Ontario established

the Expert Panel on SARS and Infectious Disease Control and identified the key lessons

learned from SARS in the province of Ontario. Doctor David Walker, Dean of Health

Sciences at Queen's University and chair of the panel, added further recommendations to

previous investigations. The final report was released in April 2004, with proposed

measures for enhancing communications and surveillance between local public health

units, hospitals and their respective province (Walker et al., 2004).

One of the proposed recommendations from Walker et al. (2004) was the

development of a provincial communicable disease committee to design standard

infection control protocols or programs. This committee would assist health care

professionals in Ontario to resort to their infection control standards instead of

continuously seeking out standards in other countries. Other recommendations that were

relevant to enhancing surveillance and communication were: a) the establishment of

regional communicable disease and infection control networks; b) province-wide

surveillance for facility-acquired infections; and c) implementation of the Integrated
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Public Health Information System (IPHIS) across all public health units (Walker et al.,

2004). These committees and networks would promote effective surveillance and

communication between hospital infection control and public health.

2A.3 Naylor Report

Doctor Andrew Naylor, Dean of Medicine at the University of Toronto, was

appointed by Health Canada and led the National Advisory Committee on SARS and

Public Health. A federal report was released in October 2003, with a major

recommendation for improvement in the national laboratory surveillance system to

identify and anticipate future outbreaks.

The role of hospital infection control programs was discussed as a parallel system

to a community public health system (Naylor et al., 2003). The committee reported gaps

in the present hospital surveillance system. "Hospitals were not able to access any

baseline data on rates of similar respiratory infections prior to SARS. These baseline data

would have been important in assessing whether the rates of respiratory illness being

observed were unusually high. The consequence was that hospitals lacked established

surveillance networks with real-time pooling of data and rapid expert analysis" (Naylor et

al., 2003, H 5).

2A. 3.1 Communication struggles

Communication gaps between hospitals, public health, communities and

clinicians were reported. Reviewing the historical account of February 2003 brought

questions about the accuracy of surveillance and communication methods. One of the

earliest warnings of the onset of SARS epidemic was through the ProMED-mail in

February 2003, where the website alerted its Internet audience with a posting from Dr.
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Stephen Cunnion that was also quoted in Naylor's Report (ProMED, 2003, accession

number 20030210.0357). But as early as November 2002, the Chinese news reported a

flu outbreak in mainland China and sent WHO the information (WHO, 2003a). The

conflicts and controversies arose, as many clinicians in acute care facilities reported they

were not yet aware.

In February 2003, continued communications from the WHO and Heath Canada

created uncertainty among clinicians about the acute respiratory illness outbreak from

Guangdong, China. For example, during the China outbreak contradictory reports stated

either that the etiologic agent was confirmed by the Chinese Ministry of Health as

Chlamydia pneumoniae, or that the outbreak was declared over, as publicized by Health

Canada's Flu Watch Internet reports (Health Canada, 2003b). Health Canada had sent

reports by e-mail or fax to the provincial and territorial Flu Watch representatives, the

Pandemic Influenza Committee, the College of Family Physicians of Canada, hospital

infection control practitioners, WHO and the Pan-American Health Organization

(PAHO), the CDC and several federal government departments (e.g., Department of

National Defense). Despite those efforts, many of the targeted audience acknowledged

they were not aware of an unusual respiratory outbreak.

At the same time, conflicting communications suggested a strain of influenza

emerging as the Hong Kong officials reported a case of avian influenza. Canadian

officials had recommended to all provinces to monitor influenza-like illnesses in

returning travelers, particularly those returning from Hong Kong or China. Health

Canada issued written alerts for avian influenza to the Pandemic Influenza Committee,

the Council of the Chief Medical Officers of Health, the Canadian Public Health





A hospital study 1

1

Laboratory Network, the Flu Watch network, and veterinarians. The Ontario Provincial

Public Health Branch circulated information to public health units about the avian

influenza illness. Meanwhile, the chain of events that brought SARS to Canada already

began. The communication problem increased, as it was approximately one month later

that Ontario declared a provincial emergency due to SARS.

Although relevant information was sent out in Ontario at that time, the lines of

accountability for the alerts appeared blurred, and key target groups commented that they

were not warned of a new respiratory virus from Asia. As reported by Naylor et al.

(2004), the Canadian Hospital Epidemiology Committee argued that Canada lacked a

coordinated system to notify acute care facilities of a global health alert with surveillance

recommendations, should persons suspected of having a new infectious disease appeared

in the Canadian health care facilities. Naylor et al. (2004) emphasized that the

government of Canada should move quickly to establish a Canadian Agency for Public

Health to provide leadership and action on public health matters, such as national disease

outbreaks and emergencies, with or without additional authorities regarding national

disease surveillance. The following describes the results of Health Canada's structural

changes related to improving public health surveillance that is ongoing, to this date.

2A.4 Health Canada infrastructure changes

Canada's Population and Public Health Branch were restructured as a result of the

recommendations put forth by the above reports. In September 2004, the government of

Canada created the Public Health Agency of Canada along with the appointment of

Canada's first Chief Public Health Officer (CPHO) who directly reports to the Minister
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of Health. The following section describes the Agency and the two centres developed to

improve public health surveillance and monitoring of infectious diseases.

2A.4.1 The Public Health Agency ofCanada

The new Public Health Agency of Canada, formerly known as the Population and

Public Health Branch of Health Canada, is a new approach to leadership and

collaboration with international organizations, provinces and territories for improved

health surveillance, and disease prevention and control (Health Canada, 2004c).

At the time of this review, the Public Health Agency was composed of five

centres, three directorates, and two laboratories. The two centres relevant to this study are

the Centre for Infectious Disease Prevention and Control (C1DPC), and the Centre for

Surveillance Coordination (CSC), and subsequently discussed.

2A.4. 1. 1 Centrefor Infectious Disease Prevention and Control

The CIDPC's objective is to decrease transmission of infectious diseases. The

centre is grouped into various divisions (Health Canada, 2004c).

The Blood Safety Surveillance and Health Care Acquired Infections Division is

composed of the Nosocomial and Occupational infections section. Their mandate is to

enhance infection prevention and control programs in health care facilities and other

community settings by collecting, analyzing, interpreting, and disseminating

epidemiological information on nosocomial and occupational infections in the Canadian

population (Health Canada, 2004c). Although Health Canada publishes infection control

guidelines and recommendations for various infectious diseases, there was not any

national infection control standards for nosocomial pneumonia that would help infectious

disease professionals in acute care facilities compare their data to benchmarks. In
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contrast, the US CDC in 2004 released an updated guideline for prevention of nosocomial

pneumonia (Tablan et al., 2004).

The Division of Disease Surveillance of the CIDPC monitors and reports

notifiable diseases and other specific infectious diseases. This division includes the Flu

Watch program and the Respiratory Virus Detection Surveillance System. The Flu

Watch program is also identified in the Immunization and Respiratory Infections

Division of the CIDPC, and is discussed below.

The Respiratory Virus Detection Surveillance System reports on respiratory

viruses in Canada and monitors influenza viruses, parainfluenza viruses, respiratory

syncytial viruses, and adenoviruses commonly seen in Canada (Health Canada, 2004c).

These viruses are only detected if cases have laboratory testing completed. Each week,

certain laboratories report the number of completed tests and those numbers positive for

the viruses indicated above.

The Immunization and Respiratory Infections Division of the CIDPC provides the

information on immunization, vaccine preventable diseases, influenza, the Flu Watch

program, and SARS. This division is responsible for national surveillance of respiratory

pathogens that cause disease, investigation of outbreaks, supporting the National

Advisory Committee on Immunization (NACI) in the provision of guidelines for

influenza immunization. As indicated earlier the Flu Watch program is identified in both

divisions discussed, which indicates an overlapping program in the both sectors.

2AAA. La) influenza surveillance in Canada

Since the 1996 to 1997 influenza season, Flu Watch summarized influenza

surveillance activities in Canada. Weekly reports are produced during the influenza
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season (October to May) and biweekly reports during the off-season (June to September).

This important information is also circulated to hospital infection control personnel in

Ontario. Each year the Flu Watch provides the definitions of influenza-like illness (ILI)

and influenza outbreaks for surveillance purposes. For the 2003-2004 season,

ILI/influenza outbreaks were defined for residential institutions as "two or more cases of

ILI within a seven-day period, including at least one laboratory confirmed case.

Institutional outbreaks should be reported within 24 hours of identification" (Health

Canada, 2003b, 1 4).

In the Niagara Region, the Regional Niagara Public Health Department provides

outbreak reports to the hospital infection control practitioners. For the period between

1998 and 2003, the 1999 to 2000 influenza season had the highest reports of institutional

outbreaks (Figure 1). For the same period, the highest incidence of influenza occurred in

January (Figure 2).
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Figure 1. Number of institutional outbreaks in Niagara 1998 to 2003. From

Martin, 2004.
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The Regional Niagara Public Health Department (2003) reported influenza A

virus was more frequent than influenza B virus from the period of 1 998 to 2003 influenza

season. The highest prevalence of influenza A virus was during the 1 999 to 2000 season

(Table 1).

Table 1 . Influenza: Ontario statistics. From Martin, 2004.
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annual influenza season from the data provided from Canada's federal laboratory (Health

Canada, 2003c).

2AAA. I. b) SARS surveillance in Canada

In November 2002, 305 cases of atypical pneumonia, identified later as SARS,

appeared in southern China originating in Guangdong Province (Aronin & Sadigh, 2004).

In February 2003, more cases were reported in Hong Kong, and from that point in time

the initial infectious contacts associated with the travel spread quickly to many other

countries mainly China, Hong Kong, Singapore, Vietnam and Canada (Rahav, 2003)

(Figure 3).

Figure 3. Worldwide geographical spread of SARS infections in 2003 from an original

hotel source. From Mendoza, 2004.

THE WORLDWIDE SPREAD OF SARS

SARS PASSED TO TOURIST GUEST On 3TH FLOOR
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DOCTOR WHO TREATED SARS PATIETITS in

GUAnaDonG FRouincE, cHin* trauels to
HonG KonG Ann STAys on 9th floor of hotel

1
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GUEST On 9TH FLOOR WHO
THEn TRAUELS TO UlETnAm

Iv1 "• '

The influence of global travel on SARS is illustrated in Figure 4 from its origin

and spread to other major countries in the world. Canada was considered a hot spot,
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while the United States had isolated cases. Toronto, Ontario, Canada experienced two

SARS outbreaks in March and May 2003.

Figure 4. Geographical origin and spread of SARS worldwide November 2002 to April

2003. From Singapore Science Center, 2003.

The largest outbreak of SARS affected Beijing. China in the spring of 2003

(Liang, 2004). Although the worldwide outbreak was contained in June 2003, sporadic

cases of SARS reemerged in Singapore September 2003, in China December 2003, and

in April 2004 Beijing, China. All the epidemiological links remain unknown.

From June 2003 to January 2004, all Ontario acute care facilities were directed

by the government to implement the SARS screening tools to monitor for possible SARS
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illness. Later, the SARS screening tool was replaced by the Fever Respiratory Illness

(FRI) screening tool and continues to this date (MOHLTC, 2004a). Ontario developed

infection control and surveillance standards for FRI in non-outbreak conditions for acute

care hospitals in December 2003. The surveillance program included FRI screening,

reporting clusters of FRI, and reporting patients admitted to hospital that met the Health

Canada severe respiratory illness (SRI) criteria (Health Canada, 2003a; MOHLTC,

2004a). Ontario's FRI surveillance was specific to include travel information for the last

30 days within previous zones of SARS or avian influenza. There was a requirement for

hospitals to report clusters of FRI and single cases of SRI when no alternate diagnosis

was made within the first 72 hours of admission. This tool continues to be used to date in

Niagara until further directives come forward from the province.

By the end of 2003, a plan was released called Health Canada's Preparedness for

and Response to Respiratory Infections Season and the Possible Reemergence of SARS

(Health Canada, 2003a). Although Health Canada supported stronger hospital

surveillance systems with the development of specific guidelines on hospital surveillance,

database templates were available only to sentinel teaching hospitals by December 1,

2003 (Health Canada, 2003a), while other hospitals in Canada were to receive

components of the surveillance protocol. As discussed earlier, screening tools were

available for Niagara area, but detailed electronic respiratory surveillance databases were

lacking.

2AAA. 2 Centrefor Surveillance Coordination

The CSC's objective is to help epidemiologists track emerging and reemerging

diseases, and help laboratory professionals have access to standardized information
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systems to further identify organisms (Health Canada, 2004c). The CSC's mandate is to

work with Information Technology professionals, health professionals, and policy makers

to improve public health policies with the use of health information (Health Canada,

2004c). This Centre partners with programs such as The Canadian Integrated Public

Health Surveillance (CIPHS) program that is composed of: the Public Health Information

System (i-PHIS), and the Laboratory Data Management System (LDMS).

Health Canada's Public Health Information System (i-PHIS) is an automated,

integrated, shared reporting system that supports public health provider interventions,

immunization tracking, follow-up, communicable disease case management, reporting,

surveillance components, and laboratory reports. The system was recently piloted in

Ontario, and complements the new Canadian Integrated Outbreak Surveillance Centre

(CIOSC) Respiratory Alerts program, a notification tool especially for areas who do not

have i-PHIS yet (Health Canada, 2003a). The Laboratory Data Management System

(LDMS) is currently operating in two Health Canada laboratories: the Laboratory for

Foodborne Zoonosis in Guelph, Ontario; and, the Enterics Division, National

Microbiology Laboratory, Winnipeg, Manitoba. The systems are designed for public

health practice, not yet for hospital or acute care facilities data integration.

2A.5 Pandemic preparation

2A. 5.1 Respiratory Infection Surveillance Committee

The Pandemic Influenza Surveillance Working Group, renamed as the

Respiratory Infection Surveillance Committee, recommended surveillance for sporadic

cases of severe respiratory illness, and severe influenza-like illness (Health Canada,
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2004c). The Committee was tasked to include SARS and emerging respiratory infections

in the federal pandemic plan (Health Canada, 2004c).

The Committee made recommendations from their assessment of the national

influenza surveillance Flu Watch program and global activity. An implemented

recommendation in 2003 was to include year-round surveillance in order to detect novel

strains outside of Canada's influenza season. Another implemented recommendation was

to expand respiratory surveillance activities to include hospital-based surveillance for 1

)

unexplained clusters of severe respiratory illness within a facility; and 2) individual cases

of severe respiratory illness in travelers recently returned from a zone of reemergence of

novel influenza strains (Health Canada, 2004c). These recommendations were all

implemented as a case-by-case paper-based system. Other Committee recommendations

out forth included improving surveillance capacity to enable quick assessments of

epidemiology when a pandemic occurs, and in the Emergency Departments to monitor

unusual deaths due to respiratory illness and pneumonia mortality (Health Canada,

2004c).

2A. 5. 2 Canadian Pandemic Influenza Plan

The Canadian Pandemic Influenza Plan was released by Health Canada in March

2004. According to the plan, pandemic contingency activities have occurred since 1 983

with the first draft completed in 1998 called the Canadian Contingency Plan for

Pandemic Influenza. A number of drafts since then were completed with the primary

audience as the provincial and territorial Ministries of Health.

The plan indicated that most of the new influenza strains emerge in Southeast

Asia, and the next pandemic virus will present in Canada within three months of the place
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of origin. Influenza pandemics usually spread with a minimum of two waves,

approximately lasting six to eight weeks, and either occurs in the same year or

successively the next season (Health Canada, 2004c). Five to twenty percent of the

population in Canada becomes sick, but as high as fifty percent may become ill in a

severe influenza A epidemic. During a pandemic, data points out that greater than fifty

percent of a population may become ill and not only to persons greater than 65 years of

age (Health Canada, 2004c). The Pandemic Influenza Committee reported an estimated

4.5 to 10.6 million Canadians would become ill in a pandemic to the point that half of

their day's activities would not be performed.

2A. 5. 3 Ontario Health Pandemic Influenza Plan

The Canadian Pandemic Influenza Plan provided the framework for provincial

planning. As of May 2004, Minister of Health and Long Term Care produced an Ontario

Health Pandemic Influenza Plan (MOHLTC, 2004b). It was a comprehensive approach

that addressed the broader health sector. The plan described how Ontario would

implement the Canadian Pandemic Influenza Plan. For acute care facilities, one of the

expectations was participation in providing epidemiological data to increase Ontario's

capacity for epidemiological influenza surveillance. Therefore, surveillance and

communication methods to monitor emerging respiratory infections are needed.

2A.6 Need for pneumonia surveillance

As discussed, the SARS emergence created public health restructuring. Initially,

SARS presented as an atypical pneumonia diagnosis and as a nosocomial infection in a

hospital setting (Health Canada, 2004a). Therefore, this information strengthens the need

for pneumonia surveillance especially during the influenza season. Effective tools to
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create respiratory pathogen surveillance methods are needed in order to identify early

onset of disease and communicate this information to the public health units. Baseline

statistics of pneumonia were not available prior to SARS, and monitoring pneumonia

regularly would improve surveillance of emerging diseases, SARS reemergence and

influenza strains.

The outcomes of pneumonia surveillance are illustrated in a conceptual model

created by the researcher and are summarized in the Figure 5 (depicted in yellow). The

model is illustrated in a direct flow pattern from la to 4a. The most important outcome of

pneumonia surveillance in acute care facilities is early identification of respiratory

outbreaks (Figure 5- la). Early identification would enhance the regional public health

respiratory surveillance (Figure 5-2a). Subsequently, enhanced national and global public

health respiratory surveillance would promote early detection of new severe or emerging

respiratory infections (Figure 5-3 a). A wider alert of new strains of SARS, influenza,

emerging respiratory diseases (Figure 5-4a) could then be identified as a direct result of

earlier national and global public health detection of severe or emerging respiratory

infections (Figure 5-4a).
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Figure 5. Feltrin's conceptual model for enhancing pneumonia surveillance in acute care

facilities.
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Pneumonia is responsible for severe morbidity and mortality. It would be useful

to resort to techniques that could be used to predict mortality risk especially in

complicated patients admitted to hospital. High mortality rates due to severe pneumonia

may be early warning signals to underlying emerging etiology of novel microbial strains.

Disease-specific prediction instruments are used in research to assess the initial severity

of pneumonia, and predict the risk of death. The most widely used and rigorously studied

prediction rule is the Pneumonia Severity Index (PSI) which has been validated in more

than 50,000 patients from a variety of inpatient and outpatient populations (Halm &

Teirstein, 2002; Fine et al., 1997). Other common classification systems are the Apache

II, and the simplified acute physiologic score (SAPS) score that estimate the relative risk

of death but do not give information concerning medical diagnosis (Fagon et al., 1993).

The ODIN score may be more useful than other common classification systems because

infection is considered as an organ dysfunction that is important in epidemiological

studies.

2A.6.1 ODIN score

The ODIN score characterizes the severity of illness of critically ill patients based

on the presence or absence of six organ dysfunctions and/or infection, and predicts the

probability of death. Patients are classified under respiratory, cardiovascular, renal,

neurological, hepatic, hematological, and infection (Fagon et al., 1993). The definitions

are described in Appendix C. Fagon et al. (1993) demonstrated in their study that the

ODIN score, was better in sensitivity, specificity and overall accuracy when compared to

the SAPS and Apache II systems. The authors suggest the ODIN score "would probably

be useful for researchers to know which non-pulmonary organ dysfunctions are present or
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not in patients included in a study evaluating a new drug for respiratory disease and not

only the severity of illness" (Fagon et al., 1993, p 143). Although this suggestion was

reported approximately ten years ago, it could be a successful evaluative tool used in

today's studies on drugs for SARS and avian influenza.

In summary, the majority of novel influenza strains emerge in Southeast Asia,

because large human populations have close interactions with pigs and domestic fowl that

are reservoirs for influenza strains that can infect humans. In order to collect baseline

statistics on pneumonia, it is important to study the etiologies associated with pneumonia

and influenza. The section 2B of the literature review provides the background of

pneumonia illness and the major associated etiologic agents. This understanding provides

the basis for improving pneumonia surveillance in acute care facilities.

2B: PNEUMONIA

The Canadian Lung Association (2004) defines pneumonia as an inflammation or

infection of the lungs caused by many reasons. The most common cause of bacterial

pneumonia is Streptococcus pneumoniae, which occurs only in lobar form, and affects

about 30,000 patients in Ontario yearly (Canadian Lung Association, 2004). Half of all

pneumonias are believed to be viral in origin, and can be complicated by secondary

bacterial infections. Bronchopneumonia affects patches throughout both lungs and most

viral pneumonias are patchy (Canadian Lung Association, 2004). According to the place

of origin, pneumonia can be classified according to community-acquired illness or
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acquired in a health care facility, also known as nosocomial. By definition, nosocomial

pneumonia develops within 48 hours or more of hospital admission and is not present at

the time of admission (Myrianthefs, Kalafati, Samara, & Baltopoulos, 2004). Pneumonia

may also be grouped according to etiologic agent identified. For example, SARS-

associated pneumonia is associated with those cases that developed pneumonia during

their SARS illness. In addition, influenza-associated pneumonia is associated with those

patients that develop pneumonia during their influenza illness. The following 2B section

continues to describe community-acquired pneumonia, health-care associated pneumonia,

and copathogens associated with pneumonia illness. The section 2B2 describes the highly

profiled influenza virus and SARS-CoV.

2B.1 Community-acquired pneumonia (CAP)

CAP is a serious illness and a common cause of hospital admission. Each year in

Canada, more than 44,000 hospitalizations for pneumonia and influenza occur in persons

greater than 65 years of age (Loeb, 2003). Approximately 4 million cases of CAP occur

yearly in the United States (Halm & Teirstein, 2002). This infection is the sixth leading

cause of death in the United States and accounts for more than 600,000 hospital

admissions annually (Loeb, 2003).

Advances in understanding the etiology of CAP have occurred over the years,

with appreciation of problems such as mixed infections and increasing antimicrobial

resistance. (Mandell, Marrie, Grossman, Chow, & Hyland, 2000). Streptococcus

pneumoniae remains the most important pathogen of CAP (Butler & Schuchat, 1 999)

while more recently Chlamydia pneumoniae has been implicated as an important cause of

CAP (Marrie, Peeling, Reid, & De Carolis, 2003). Mycoplasma pneumoniae accounts for





A hospital study 28

4.9% ofCAP requiring hospitalization. There are no clinical features that distinguish this

form of pneumonia from other agents (Marrie, 1993). Since the 1960s, Group A

Streptococcus (GAS) has accounted for less than 1% of cases of CAP. A prospective,

population-based surveillance of all invasive GAS infection in residents of Ontario from

1992 to 1999 was conducted. Group A streptococcal pneumonia is a common form of

invasive GAS disease but remains an uncommon cause ofCAP (Muller et al., 2003).

According to the researchers deRoux et al. (2004), viral CAP has been weakly

studied and clinically characterized. In their study, they found respiratory viruses are

frequent etiologies of CAP either alone or in combination with bacteria (de Roux et al.,

2004). A prospective study at two hospitals in Buffalo, New York was conducted on 1 10

patients 75 years of age and older, to determine the prevalence of respiratory pathogens

(El Solh, Sikka, Ramadan, & Davies, 2001). These researchers discussed that studies on

the etiology of CAP in the elderly have reached different conclusions based on the

geographical setting, the population studied, and lack of standardized testing.

Researchers from the University of Pittsburgh studied all hospitalized cases of CAP in

1997 of persons aged 65 years or older, because there is little data on specific age and

gender incidence, patterns of care related to intensive care unit admission, mechanical

ventilation, and mortality outcome (Kaplan et al., 2002). Gender differences were an area

considered for further investigation.

Feagan et al. (2000) of the London Research Group reviewed charts from

November 1 996 to March 1 997 of 20 Canadian hospitals to study the treatment and

outcome of CAP. The results found differences in the management of CAP with

undetermined causes (Feagan et al., 2000). Canadian researchers Loeb et al. (2000) have
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studied respiratory tract infections in nursing homes and the importance of surveillance of

outbreaks in nursing homes. A literature review conducted revealed no research on the

etiology and risk factors of hospitalized CAP in the Niagara area.

2B.2 Health-care-associated pneumonia

No pneumonia guidelines are currently available from Health Canada. Recent

guidelines from the US CDC indicate that the epidemiology and distribution of etiology

agents causing health-care-associated pneumonia vary according to the type of health

care facility (Tablan, Anderson, Besser, Bridges, & Haijeh, 2004). Pneumonia accounts

for 15% of all hospital-associated or nosocomial infections, and is the second most

common nosocomial infection (Myrianthefs et al., 2004; Tablan et al., 2004). It is also

the most common infection in the ICU setting and the most common form observed is

ventilator-associated pneumonia (Myrianthefs et al., 2004). Nosocomial pneumonia has

also been reported as the most common cause of morbidity and mortality in the geriatric

population but difficult to diagnose to contradictory results from previous studies

associated with varied risk factors (Rothan-Tondeur et al., 2003). The CDC"s National

Nosocomial Infection Surveillance System (NNIS) report infection rates related to

ventilator-associated pneumonia (VAP). Most research in the past 20 years have been

focused on VAP with fatality rates ranging from 4% to 73% suggesting other factors such

as underlying condition, organ failure, infecting organism, and treatment with

antimicrobial agent, increase the patient's risk of mortality from VAP (Tablan et al.,

2004). No studies in the Niagara area have been published on the etiologies of

nosocomial pneumonia.
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Traditional criteria for health-care-associated pneumonia diagnosis are fever,

cough, purulent sputum, in combination with radiological evidence of a new or

progressive pulmonary infdtrate, leukocytosis, a suggestive Gram's stain, growth of

bacteria in cultures of sputum, tracheal aspirate, pleural fluid, or blood (Tablan et al.,

2004). In most studies, few anaerobic bacteria and viruses are reported mostly because

cultures are not performed routinely in facilities. The bacteria most frequently reported

in studies of critically ill and/or mechanically ventilated patients are Gram-negative

bacilli (Pseudomonas aeruginosa, Proteus spp., and Acinetobacter spp.) and

Staphylococcus aureus. Early onset of VAP is associated with Escherichia coli,

Klebsiella spp., Proteus spp., Streptococcus pneumoniae, Haemophilus influenzae, and

oxacillin-sensitive Staphylococcus aureus. Late onset of VAP has been associated with

Pseudomonas aeruginosa, and oxacillin-resistant Staphylococcus aureus (Tablan et al,

2004). Regarding mixed infections, there were few differences in the presentation of

bacteremic and nonbacteremic pneumococcal pneumonia (Brandenburg et al., 2000).

Tablan et al. (2004) reported that viruses are often an underestimated cause of

health-care-associated pneumonia, and most cases are undiagnosed even with advances in

diagnosis and treatment of viral respiratory infections. Health-care-associated viral

respiratory infections usually follow community outbreaks and affect both healthy as well

as ill persons. These infections are usually introduced into facilities by patients, staff, or

visitors with acute illness. Viruses such as adenoviruses, influenza virus, parainfluenza

viruses, respiratory synctial virus (RSV), rhinoviruses, and varicella-zoster viruses can

acute health-care-associated pneumonia. Seventy percent of the cases are due to

adenoviruses, influenza viruses, parainfluenza viruses and RSV (Tablan et al., 2004). The
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occurrence of nosocomial outbreaks emphasizes the importance of implementing

measures to prevent the transmission of respiratory viruses in health-care institutions.

2B.3 Influenza-associated pneumonia

Pneumonia is one of the most common complications of influenza infection.

However, its characteristics are not well-known (Mirete-Ferrer et al., 2002). Pneumonia

in patients with influenza may be due to the influenza virus itself, a secondary bacterial

infection, or a combination of both (Tablan et al., 2004). One study found influenza A

virus caused more than one-third of all viral CAP cases, a rate comparable with that of

RSV CAP (Laundy et al., 2003). For persons with chronic lung disease, influenza virus

and RSV accounted for 15% to 33% of acute respiratory hospitalizations in children, 7%

to 9% of such hospitalizations in adults, and 9% of deaths in those 65 years or older

(Griffin et al., 2002). Influenza-associated pneumonia can occur in anyone, but most

commonly in children less than 24 months of age, the elderly, in persons with

immunosuppression, or underlying chronic heart or lung disease. Most influenza

outbreaks occur in nursing homes, however outbreaks on pediatric, chronic care,

hemopoietic stem-cell transplant wards, medical and neonatal intensive care units have

been reported (Tablan et al., 2004).

Two types of pneumonia are well recognized during influenza: primary viral

pneumonia and secondary bacterial pneumonia. Primary viral pneumonia occurs after a

typical onset of influenza with rapid progression of dyspnea and cough leading to acute

respiratory distress syndrome. Secondary bacterial pneumonia occurs more frequently in

the elderly and in patients with chronic pulmonary diseases. Staphylococcus aureus,
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Streptococcus pneumoniae and Haemophilus influenzae are the most frequently isolated

bacteria (Zeller & Bricaire, 2003).

Influenza may be difficult to distinguish from other febrile respiratory illnesses

caused by other pathogens based on clinical presentation. A better understanding of

influenza A is significant for hospital surveillance.

2B.4 Severe Acute Respiratory Syndrome (SARS)-associated pneumonia

As of March 25, 2003, SARS was added to the list of newly reportable,

communicable diseases under Ontario regulations (Health Canada, 2003). SARS rapidly

spread throughout Asia, North America, and Europe to 8241 people in 30 countries

leading to 784 deaths as of June 2003. SARS produced an acute respiratory illness with

up to 32% patients becoming critically ill. The spread of disease rapidly became

nosocomial to health care workers and other patients.

The similarity in clinical presentation between influenza and SARS is problematic

in diagnosis. As seen in February 2003, at the time of early recognition of SARS in

China, influenza A cases of subtype H5N1 occurred in a Hong Kong family who recently

traveled to Fujian Province, China (Shortridge, Peiris, & Guan, 2003).

2B.5 Multiple pathogens in pneumonia

Multiple pathogens has been associated with increased severity of certain

respiratory viral illnesses. With the SARS-CoV, human metapneumovirus or another

pathogen may have the role of a copathogen, increasing the underlying severity of disease

(Poutanen et al., 2003). Despite the importance of this information, no studies of

multiple pathogens with pneumonia have been conducted in the Niagara Region.
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The following section 2B2 describes the highly profiled pathogens of the

influenza viruses and SARS-CoV associated with pneumonia.

2B2: INFLUENZA VIRUS AND SARS-COV

Although there are common pathogens related to infectious pneumonia including

the very prominent Streptococcus pneumoniae, this literature review concentrates

specifically on influenza and pneumonia cases in an acute care facility due to the high

profile of SARS and pandemic threat of influenza. Because of the recent SARS

outbreaks, the avian influenza outbreaks and influenza pandemic threats, the final section

2B2 of the literature review describes details of the characteristics of influenza and SARS

disease to enhance pneumonia surveillance and communication to public health units.

2B2.1 Influenza

Influenza is a global endemic illness, which threatens humans to epidemics and

pandemics. It is difficult to accurately predict when the next pandemic influenza will

occur (Cox, Tamblyn, & Tarn, 2003), the very reason why the WHO urges influenza

pandemic preparedness (de Jong, Rimmelzwaan, Fouchier, & Osterhaus, 2000). Although

the history of influenza dates back to the year 412 BC (WHO, 1997), the first human

influenza virus was isolated in 1933 (Webster, 1998; Smith & Andrewes, 1933). Since

the late 1930's influenza viruses have been isolated from different parts of the world

(Williams, Chen, Cho, & Chin, 2002), infecting approximately 10 million people

annually (Turkulov & Madle-Samardzija, 2000). Influenza ranks as the sixth leading
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cause of death worldwide (Turkulov & Madle-Samardzija, 2000), and continues to be an

important cause of febrile respiratory illness (Stephenson & Zambon, 2002).

2B2. 1.1 Influenza virus characteristics

Influenza belongs to the order of viruses called Mononegavirales (Buchen-

Osmond, 2002), and the family Orthomyxoviridae (Martone, 2002; Reid &

Taubenberger, 2003) The genus is noted as influenzavirus A, influenzavirus B, and

influenzavirus C, , and the type species are called influenza A virus, influenza B virus,

and influenza C virus (Buchen-Osmond, 2002). Classification into types A, B, and C are

according to the differences of the two internal structural proteins of nucleoprotein (NP)

and matrix proteins (M). Subtypes of influenza type A virus are based on the differences

of the surface hemagglutinin (HA) and neuraminidase (NA) proteins. According to the

species subtype, the virus is also named by isolate, strain or serotype (Buchen-Osmond,

2002). The standard nomenclature system for the influenza virus subtype isolate includes

the host of origin, geographic origin, strain number and year of isolation (Martone, 2002).

For human isolates, the host of origin is not indicated. An example is: A/Hong

Kong/03/68(H3N2). If the name of the host is included, it will be at the start as in:

A/swine/Iowa/1 5/30(HlN
1
).

The influenza virus is spherical, pleomorphic, ovoid and usually about lOOnm in

diameter (Health Canada, 2003). The virus is totally covered by a double lipid membrane

acquired from the host cell. This outer membrane surrounds the nucleocapsid. Two

internal structural proteins (HA and NA) spike through the lipid bilayer (Figure 6).
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Figure 6. The lipid membrane of the influenza virus with the HA and NA proteins. From

Smith, 2003.
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There are approximately 500 protein molecules of HA, and about 100 protein

molecules of NA that project 10 to 14 nm from the surface. The HA is the antigen that

acts as a site of attachment to host cells and erythrocytes. The HA contains subset of

amino acids that are stable in all avian HA's but differ in mammalian-adapted HA's

(Reid, Taubenberger, & Fanning. 2001). The NA is the enzyme, which digests the

neuraminic acid receptor of the host cell to allow the attached virus to penetrate (Reid et

al., 2003). The NA, known as sialidase antigen, is important for viral replication as it

allows the release of new viruses from the infected host cell, and prevents inactivation by

respiratory mucus (Reid et al., 2003).

About 3000 molecules of protein matrix (Ml) forms below the lipid membrane,

enclosing the interior part of the virus. The matrix (M2) ion channel also protrudes
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through the lipid membrane. The protein matrix of the two membrane proteins Ml and

M2, are involved in nuclear export and acid-base balance maintenance (Figure 7).

Figure 7. Influenza virus eight genes with Ml and M2 proteins. From Herlocher ,

Hunein, Maassab and Webster (nd).

The nucleocapsid (Figure 8) consists of negative-stranded ribonucleic acid (RNA)

segments, the nucleoproteins (NP) and the polymerase three-protein complex. The

classification of type of influenza virus is based on the properties of the nucleoproteins.

Influenza A, B. and C viruses have different properties with their nucleoproteins.
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Figure 8. Influenza A virus nucleocapsid containing the nucleoproteins, RNA segments,

and polymerase complex. From GlaxoSmithKline, 2004.

2B2.1.2 Reservoir ofinfluenza virus

A review of literature provides variable sources of the influenza virus. Three HA

subtypes (HI, H2, H3) and two NA subtypes (Nl, N2) have been recovered from humans

(Reid et al., 2003). There are 15 HA and 9 NA proteins. Although all isolated from avian

species, a possible 135 different combinations could occur.

The main natural reservoir for all influenza subtypes is wild birds (WHO, 1997).

Some influenza A viruses are unique to swine, birds, horses, aquatic mammals, and will

not normally infect a different type of animal (Martone, 2002). Swine and birds are

understood to be the source of new human subtypes emerging through genetic

reassortment (Schultz, Fitch, Ludwig, Mandler, & Scholtissek, 1991; Chin, 2000).

Since 1 889 there have been six instances of the introduction of a virus that had

been absent from the human population for some time. Three human subtypes have
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appeared in cycles: H2 viruses in 1889; H3 in 1900; HI in 1918; H2 again in 1957; H3

again in 1968; and HI again in 1977 (Webster, 1998). Analyses suggested the ancestor

of the 1918 virus strain entered humans between 1900 to 1915 (Reid, Fanning, Hultin, &

Taubenberger, 1999). Other analyses suggested that a totally new H1N1 virus of avian

origin could have appeared in humans or swine before the 1918 influenza and replaced

the previous human virus strains (Reid et al., 2003; Webster, 1998). Whether the virus

was first introduced into humans and then transmitted to pigs, or vice versa, remains a

mystery. The cause for the comeback of the Russian influenza A virus H1N1 subtype in

1977, remains unknown. Recent data reported that avian H5N1 and H9N2 subtype

viruses without intermediate hosts caused human influenza in China (Reid et al., 2003).

Some reports (Guan et al., 2002) indicated through a reassortment of a number of

precursor avian viruses, and a virus related to Goose/Guangdong/ 1/96 (H5N1)

(Gs/Gd/96) was the likely donor of the H5 type of HA. Goose/Guangdong/ 1/96-like

viruses isolated from geese and ducks were imported into Hong Kong in the year 2000

(Guan et al., 2002).

2B2.1.3 Antigenic variation

Antigenic variation occurs frequently almost every year with type A influenza

viruses. It occurs less frequently with type B influenza viruses and has not been

associated with type C viruses. Antigenic drifts involve minor changes to the HA and

NA structures of influenza A and B viruses. The result is random mutations in the genes

that code the HA or NA, causing different virus strains of the same subtype and

epidemics. The small alterations in the structure of the spikes leads to changes in

antigenicity.
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Antigenic drift to type A and B viruses occur constantly (Ferguson, Galvani, &

Bush, 2003). Influenza due to the antigenic drifts causes epidemics almost every year

mainly from type A viruses, sometimes type B viruses or both types (Chin, 2000).

Only with the influenza A virus a complete new subtype may form called an

antigenic shift, resulting in an influenza pandemic threat. There are major changes in the

structure of the surface antigens, which produces completely new subtypes of viruses to

which the population has little or no immunity. Antigenic shifts are thought to occur

through the process of genetic reassortment in which a new virus is produced from

human and animal influenza viruses (Scholtissek, 1994). The process of genetic

reassortment occurs for example when an animal, such as the pig, becomes infected with

influenza A virus from a human. Simultaneously, the pig becomes infected with a

different influenza A virus from a water fowl. When the two different viruses reproduce

in the host pig, the genes of the human strain and fowl strain may mix (Martone, 2002).

The new virus would contain a mixture of genes from both viruses and could code for

surface antigens that are not recognized by existing antibodies in the human population.

Provided the new virus possesses other properties, such as virulence and transmissibility,

anyone may be susceptible to it.

2B2.1.4 Pathogenesis ofinfluenza virus

Influenza viruses invade the cells of the respiratory tract and viral RNA takes

over the cells' metabolic processes. Viral replication is initiated and continues for about

8 hours until the cells die. The replicated viruses are released to invade new cells and

within a few hours, large numbers of cells in the respiratory tract die and release viruses.

The upper respiratory tract becomes congested and the infection may spread to the lower
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respiratory tract to cause viral pneumonia with capillary thrombosis, exudation and

bleeding into the alveoli. Secondary bacterial invasion from the nasopharynx may occur

to cause bacterial pneumonia. Systemic spread in humans has not been demonstrated and

host factors, such as interferons, may be crucial in preventing the spread of the virus

outside the respiratory tract while influenza viruses attach to the cells lining the

respiratory tract (Zambon, 2001).

2B2. 1.5 Human influenza clinicalfeatures

The WHO (2004) states the incubation period for influenza is one to three days

but it is currently unknown for the highly pathogenic avian influenza. The period of

communicability is during 24 hours prior to the onset of symptoms, and during the

symptomatic period. With adults, this period is usually three to five days from the onset

of symptoms but up to seven days in children. The mode of transmission is person-to-

person by inhalation of small viral particles or large droplets; by direct contact with

nasopharyngeal secretions; or with articles contaminated from nasopharyngeal secretions.

Airborne transmission is uncertain (Health Canada, 2004c; WHO, 2004). Influenza is

highly contagious, and can survive 24 to 48 hours on hard, non-porous surfaces, eight to

twelve hours on cloth, paper, tissue, and five minutes on hands. Conditions of low

humidity and cold affect the survival of the influenza virus.

The onset of illness is sudden; with a fever usually greater than 39°C. Headache,

myalgia, fatigue, sore throat, nasal congestion, shaking, chills, and red eyes are some

symptoms (National Foundation for Infectious Diseases, 2000; Health Canada, 2004b).

Cough is a very important symptom, which starts as dry and progresses to wet with thick

mucous.
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Complications that may happen as a result of influenza illness include

hospitalization, secondary pneumonia, and outbreaks in institutions. Pneumonia is the

main cause of death among the high-risk individuals. Other secondary infectious

complications include bronchitis, croup, myocarditis, encephalitis, encephalopathy,

myelitis, Guillain-Barre syndrome, and Reye syndrome (Turkulov & Madle-Samardzija,

2000).

2B2. 1.6 Immune response to influenza

The normal host defenses to respiratory infection are mucociliary clearance and

local secretion of immunoglobulin A (IgA), which can kill invading pathogens provided

that the antigen has been presented before or that immunity has not waned. Influenza

disrupts both these host defense mechanisms. One theory behind the NA protein activity

is the belief that this enzyme may promote viral penetration into the respiratory

epithelium, and assist with pathogenicity by promoting cytokine production of

interleukin- 1 and tumour necrosis factor from macrophages.

Avian and human HA does differ in their ability to bind to different forms of

sialic acids. Avian HA's bind poorly to the sialic acid receptors found in the human

respiratory tract, and these receptors act as a barrier to cross-species infection (Reid et al.,

2003). Therefore, some adaptation of the HA binding affinity is required before a virus

with an avian HA can replicate and spread in humans (Reid et al., 2003).

The immune response to infection is humoral and cellular immunity and is

explained as follows. This process is initiated by the cytotoxic effect of the body's own

immune cells against infected cells. As the body recovers from disease, cell mediated

response occurs and antibody protection from reinfection. However, these antibodies
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may not provide effective protection against a subsequent new strain. Influenza viruses

are able to change their antigenicity and evade their host's immune mechanisms. Because

antibodies against the new variant are not circulating in the population, person-to-person

transmission of the new variant occurs. People who have previously been infected with a

virus of the same subtype, may or may not be susceptible to the new variant, depending

on their level of immunity and the extent of the change in the virus (GlaxoSmithKine,

2004).

Immunity to one strain of influenza virus does not necessarily give immunity to a

new strain which has undergone antigenic drift (Martone, 2002) Humans recognize

proteins of the virus as foreign or antigenic, and produce antibodies against them.

Influenza vaccination provides the body with vaccine-induced antibody levels, but the

antibodies decrease a few months after vaccination, offering less protection against

infection (Martone, 2002). Figure 9 illustrates circulating influenza viruses in the United

States (US) from 1986 to 2001 inclusive. For example, the illustration demonstrates a

decrease of circulating influenza A type H1N1 in one season reflected an increase in the

H3N2 strain for the same year, and vice versa. Whenever a high presence of FUN 1 strain

was circulating, a low H3N2 strain was circulating in the US for that same time period.

Whenever the H3N2 was circulating at higher rates, the H1N1 was circulating at lower

rates in the US at the same time. Therefore, antibodies developed from a particular

influenza A strain type, such as (H1N1), was effective, as a decrease of that same strain

(i.e. H1N1) was circulating in the US the following year (Figure 9).
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Figure 9. Influenza circulating viruses in the United States. From CDC, 2001
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2B2. 1. 7 Diagnosis ofinfluenza

Respiratory illness caused by influenza is difficult to diagnose, without laboratory

confirmatory testing. Therefore, clinical presentation and/or laboratory diagnostic testing

assist clinicians with diagnosis. WHO (2003) reported rapid diagnostic antigen tests are

available to detect influenza viruses within 30 minutes, however the sensitivity and

specificity of testing is not 100%. Nasopharyngeal swabbing or aspirates for viral

cultures is the current method. Diagnostic tests include antigen detection, polymerase

chain reaction, and immunofluorescent tests.

Differential diagnoses of influenza include any diseases that exhibit vague

symptoms such as increased body temperature, cough, headache, sore throat, muscle

aches, and lethargy. Other common respiratory infections, such as the virus of the
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common cold, may be caused by one of many viruses, including rhinovirus,

coronaviruses, respiratory syncytial virus (RSV), or adenoviruses (Turkulov & Madle-

Samardzja, 2000).

2B2. 1.8 Studies ofmultiple pathogens and human influenza

A Pub-Med literature review conducted on concurrent etiologies associated with

influenza reveals limited data in Canada. Database for studies outside of Canada found

limited research. An overview of studies of human influenza and other copathogens are

summarized below.

International studies report copathogens in studies with respiratory infections:

1) Researchers investigated 113 cases of respiratory tract infections in Japan, and

detected 1 6 cases of mixed infections: 1 cases of influenza A virus and 6 cases

of RSV mixed with either Streptococcus pneumoniae or Hemophilus influenzae

(Kobashi, Okimoto, Matsushima, & Soejima, 2001).

2) Zeller and Bricaire (2003) reported primary viral pneumonia occurring after a

typical onset of influenza with secondary bacterial pneumonia occurs more

frequently in the elderly and in patients with chronic pulmonary diseases.

Staphylococcus aureus, Streptococcus pneumoniae and Haemophilus influenzae

were the most frequently isolated bacteria (Zeller & Bricaire, 2003).

3) Krell et al. (2003) reported from a child autopsy, two viruses parvovirus B19 and

influenza B. The researchers suggested that this infection with parvovirus B19

could have provoked a course of influenza B pneumonia that was also

superinfected by Staphylococcus aureus.
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4) Pons-Catalano et al. (2003) studied influenza and pneumonia in 33 children in

France and found in 2000 and 2002, and found 12% of the cases with influenza

directly caused community-acquired pneumonia. About 39% of the other children

with community-acquired pneumonia, had influenza infection in preceding weeks

leading to secondary bacterial pneumonia due to Streptococcus pneumoniae or

Mycoplasma pneumoniae.

5) Lina et al. (1996) conducted a study in France from 1994 to 1995, and collected

962 viral samples from cases with acute influenza-like illness. The researchers

found one or more viruses detected from 348 samples and 1 6 mixed infections.

Results found single etiologies of 108 RSV, 64 influenza A type H3N2, 47

influenza B, 64 coronavirus, 35 rhinovirus, 22 adenovirus, 5 enterovirus, and 3

parainfluenza.

6) Mirete-Ferrer et al. (2002) studied 240 patients with pneumonia in Spain, where

143 cases had the microbe identified, and twelve cases found influenza A virus.

An overview of research completed in Canada is described below:

1) A study with 15 teaching centres in eight Canadian provinces from January 1996

to October 1997 was conducted to determine the role of Chlamydia spp. (C

pneumoniae, C. psittaci and C. pecorum) as causes of CAP. The most common

copathogens were Streptococcus pneumoniae, respiratory syncytial virus and

influenza virus type A (Marrie, Peeling, Reid, & DeCarolis, 2003).
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2) Bastien et al. (2003) looked at 4.5% metapneumovirus-infected patients during

the 2001 to 2002 influenza season, 3% were coinfected with influenza A or 1%

were coinfected with RSV.

3) Loeb et al. (2000) studied five nursing home outbreaks in Toronto 1994 to 1996.

Of the 16 outbreaks identified prospectively, more than one causal microbe was

identified in 6 outbreaks. In a retrospective study, a viral pathogen was identified

in 13 of the 30 outbreaks: parainfluenza 3 were found in 1 1 outbreaks; RSV in 1

outbreak; and both parainfluenza 3 and RSV in 1 outbreak. In a fourteenth

outbreak, 2 residents had more than a four-fold increase of antibodies to C.

pneumoniae.

Shortridge et al. (2003) reported more research is needed since the emergence of

SARS. The initial clinical presentation between influenza and SARS is so similar that

initial diagnosis is problematic (Ksiazek et al., 2003). Before SARS was recognized, an

influenza type A (H5N1) virus was found in a Hong Kong family who recently traveled

to Fujian Province (WHO, 2003). Since February 2003, the Netherlands reported avian

influenza A (H7N7) in human cases (Health Canada, 2004b). Experts state it is difficult

to distinguish between the early symptoms of influenza and SARS, especially with no

present epidemiological link in this 2003 to 2004 winter season. It is still unknown

whether SARS will evolve as a pandemic influenza.

Research is limited on concurrent microbes with influenza in children, adults, and

the elderly. The complication of pneumonia is common of influenza infections (Mirete-

Ferrer et al., 2002). However, few studies have attempted to determine what concurrent
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etiologies are involved in influenza-like illness. Etiologies with influenza illness require

further research in Canada (Bastien et al., 2003).

2B2.2 Treatment of influenza

Antiviral drugs are used as an adjunct therapy to vaccination for treatment and

prevention to influenza (WHO, 2004). The medication is not a substitute for vaccination

and should be administered within 48 hours of onset of symptoms. Antiviral medication

is also a recommended as prophylaxis treatment for exposed cases during influenza

outbreaks in institutions, regardless if those cases received vaccination. The four types of

medication usually prescribed by physicians are amantadine, rimantadine, zanamivir or

oseltamivir (WHO, 2004).

2B2.3 Influenza vaccination

The most prevailing human influenza A subtypes have been H1N1 and H3N2

(Health Canada, 2003). Prevention of influenza is possible by an annual vaccine. Now

more than ever, Health Canada (2003) is recommending influenza immunization not only

to decrease morbidity and mortality of influenza-related illness, but to reduce the possible

role of influenza as a confounding factor SARS. The trivalent vaccine is recommended

yearly. The WHO recommends the components of the annual vaccine in order that

manufacturers can produce strains from H1N1, H3N2, and an influenza B strain (WHO,

2004). If the composition of the vaccine is well matched with the prevalent virus strain,

then 50% to 80% of all those vaccinated receives effective immunity (Turkulov &

Madle-Samardzija, 2000).
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2B2.3.J Influenza A subtypes and strain review/vaccine components in Canada

A literature review was conducted on available influenza type A strains in Canada

since 1997, and the yearly components of Canada's influenza vaccine. The antigenic

characteristics of the current and emerging influenza virus strains provide the basis for

the vaccine's components. In Canada, the NACI reviews the WHO's recommendations of

which strains to be included, and makes the final decision for Canada (Health Canada,

2003c). Table 2 created by the researcher, illustrates the WHO's vaccine

recommendations for each influenza season for northern hemisphere and Canada's

predominant influenza A subtype strains circulating in the respective winter season, from

1997 (Health Canada, 2003c).
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Table 2. Canada's predominant influenza type A strains for the winter season versus the

strain recommendations from 1 997 to 2004. (Created by Feltrin with the information

sourced from NACI).

Year Vaccine Strain WHO
Recommended

Predominant

Influenza Type A Strain

in Canada

\ 997_ J 993 A/Wuhan/359/95(H3N2)-like,

A/Bayern/7/95(H 1N 1 )-like

1 998_ \ 999 A/Sydney/05/97(H3N2)-like,

A/Beijing/262/95(H 1N 1 )-like

1 999-2000 A/Sydney/05/97(H3N2)-like,

A/Beijing/262/95(H 1N 1 )-like

A/Sydney/05/97(H3N2)-like

A/Sydney/05/97(H3N2)-like

A/Sydney/05/97(H3N2)-like

A/New Caledonia/20/99(H 1 N 1 )-like

first isolated

2000-200 1 A/Moscow/1 0/99(H3N2)-like,

A/New Caledonia/20/99(H1N1)-

like

200 1 -2002 A/Moscow/ 1 0/99(H3N2)-like,

A/New Caledonia/20/99(H1N1)-

like

A/Johannesburg/82/96(H 1N 1 )-like

and A/New Caledonia/20/99(H1N1)-

like present

Influenza Type B predominated

A/Panama/2007/99(H3N2)-like

A/(H1N2) first identified

2002-2003 A/Moscow/1 0/99(H3N2)-like,

A/New Caledonia/20/99(H1N1)-

like

2003-2004 A/Moscow/1 0/99(H3N2)-like,

A/New Caledonia/20/99(H1N1)-

like

A/(H1N2)

A/Panama/2007/99(H3N2)-like,

A/New Caledonia/20/99(H1N1)-Iike,

and A/Fujian/41 l/2002(H3N2)-like

present

A/H1N2; A/Panama/2007/99(H3N2)-

like, A/New Caledonia/20/99(H1N1)-

like, A/Fujian/41 l/02(H3N2)-like

The United States have data available from the 1 994 to 1 995 season. The United

States had similar vaccine components for influenza type A H3N2 strain as Canada, since
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the 1998 season. Vaccine composition in the United States for the 2003 to 2004 influenza

season did not include the Fujian strain either (Figure 10).

Figure 10. Components of vaccine antigens 1994 to 2003 in the United States. From

CDC.
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1

seasons by the Respiratory Viruses Section at the National Microbiology Laboratory as of

December 27, 2003.

Figure 1 1. Predominant influenza strains in Canada for 2003. From Health Canada,

2003b.

H1N2 [1]
/Panama/2007/99<H3N2)-like [25]

A/Neu Caledonia/20/99
(HIND-like [1]

A/Fujian/411/02-like [385]

The 2003 to 2004 influenza season's percent of positive influenza tests compared

to other respiratory viruses per week is demonstrated (Figure 12). Influenza virus was

more predominant compared to RSV, parainfluenza virus and adenovirus for the season.

The peak weeks for influenza virus occurred from December 20, 2003 to January 3, 2004

(Figure 12).
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Figure 12. Comparison of respiratory viruses for 2003 to 2004 influenza season in

Canada. From Health Canada, 2003b.
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The influenza strains are manufactured according to their antigenic properties that

are sometimes similar to others. For example, influenza type A/Moscow/ 10/99(H3N2)-

like virus is antigenically the same as A/Panama/2007/99(H3N2)-like virus (Health

Canada, 2003c). Influenza type A/New Caledonia/20/99(H1N1)-Iike virus was a new

antigenic variant (previously not found in Canada) from A/Beijing/262/95(HlNl)-like

virus that was not found in Canada (Health Canada, 2003c). The influenza A subtype

H1N2 strain appears to be the result of the reassortment of the genes of current

circulating influenza A H1N1 and H3N2 subtypes. The 2002 to 2003 vaccines should

have provided protection against the influenza A H1N2 virus subtypes (Health Canada,

2003c).

There was not any influenza type A/Fujian/41 l/2002(H3N2)-like virus isolated in

embryonic eggs suitable for the 2003 to 2004 vaccine in Canada, and many of the isolates
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were antigenic-related to the Panama strain (Health Canada, 2003c). WHO (2003a)

recommended that the influenza type A H3N2 component of the 2003 to 2004 influenza

vaccine contain influenza type A/Moscow/10/99(H3N2)-like virus. Health Canada

(2003c) recommended that the vaccine for the 2003 to 2004 season in Canada contain an

influenza type A/Panama/2007/99(H3N2)-like virus, and A/New

Caledonia/20/99(H1N1)-Iike virus. NAC1 also recommended strains to cover the

circulating influenza type B strains.

The WHO (2003) recommendations for the northern hemisphere were different

from the southern hemisphere for 2003 to 2004 winter season. The southern hemisphere

included the recommendation to include A/Fujian/41 l/2002(H3N2)-like virus in its

vaccine. Canada did not have the Fujian strain included in this 2003 to 2004 vaccine

season. It was believed that antibodies that develop against the Panama strain would

cross-react with the Fujian strains at a reduced level (Health Canada, 2003c).

Evidence of morbidity and mortality rates of the current influenza season from

Health Canada's Flu Watch program (2003b) and WHO (2004) indicated the Fujian

strains was circulating in Canada and parts of the United States, Britain and other

countries for 2003 winter. Furthermore, the WHO (2004) recommended the Fujian strain

to be included in the 2004 to 2005 influenza season (Health Canada, 2004b).

2B2.4 Avian influenza

Avian influenza can affect all species of birds such as chickens, turkeys, guinea

fowl, pet birds and wild birds (WHO, 1997). Wild birds may carry influenza viruses

without becoming ill due to natural resistance (WHO, 1997). As discussed earlier, wild
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waterfowl of the world are the natural reservoirs for all influenza A viruses (WHO,

1997).

Influenza viruses are spread by fecal-oral transmission in untreated water, and in

birds causes gastrointestinal infection (Webster, 1997; Zambon, 1999). This method of

transmission could explain the high incidence of virus infection in Canadian ducks and

up to 30% can shed virus before fall migration (Webster et al., 1998). In poultry farms,

young turkeys and laying hens are usually the most affected. Mild infection with no

symptoms to a severe epidemic that kills up to 100 percent of infected birds can result

from avian influenza. However, highly pathogenic strains of influenza cause serious

systemic infections in domestic poultry (Zambon, 2001).

Two of the 15 HA subtypes of influenza A viruses, H5 and H7, can become

highly pathogenic especially to commercial poultry flocks. The virus is considered low

or highly pathogenic based on the severity of the illness in the bird population (CDC,

2004). Deaths in the bird population can reach up to 100% when the virus is highly

pathogenic. Low pathogenic viruses cause less serious illness and the affected birds

recover often. Occasionally, influenza viruses are transmitted between species like pigs,

horses and sea mammals. Influenza with different antigenic subtypes may naturally infect

swine, horses, mink, seals, and in many domestic and wild avian species. Some influenza

A viruses are unique to a particular type of animal and will not normally infect a different

type of animal. However, some influenza A viruses may infect several different types of

animals.

Agricultural authorities have recommended the separation of wild aquatic and

domestic poultry, and pig from poultry farming. One theory to reduce the possibility of





A hospital study 55

the next pandemic of influenza in humans is to change agricultural practices so that ducks

are separated from pigs and people (Webster, 1997). In October 1999, H4N6 influenza A

viruses were isolated from pigs with pneumonia on a commercial swine farm in Canada.

This was to be believed to be the first report of interspecies transmission of an avian H4

influenza virus to domestic pigs under natural conditions (Karasin, Brown, Carman, &

Olsen, 2000). However, recent reports from the WHO (2004) revealed a researcher from

China's Harbin Veterinary Research Institute discovered initial evidence that pigs from

farms in parts of China have been infected with the H5N1 strain of avian influenza.

What is not known is whether the H5N1 virus had already become established in pig

populations in China.

Avian influenza viruses were thought to be limited in their ability to directly

infect humans until 1997, when 18 human infections with avian influenza H5N1 viruses

occurred in Hong Kong. In 1999, two human infections with avian influenza H9N2

viruses were also identified in Hong Kong, and one case in December 2003. H9N2 is not

considered highly pathogenic to birds. These events established the fact that avian

viruses could infect humans without acquiring human influenza genes by reassortment in

an intermediate host (Subbarao & Katz, 2000). The transmission of avian influenza

viruses to humans was suggested to occur through pigs that act as the intermediate host

(Reid et al, 2003). Once avian influenza viruses are established in mammals, the

respiratory airborne route transmits viruses from animal to animal (Webster, 1 997).

The subtypes H5N1, H7N7 and H9N2 have been known to cause human illness,

with H5N1 associated with the most serious illness in humans (Health Canada, 2004c).

H5N1 mutates rapidly and has the susceptibility to acquire genes from viruses infecting
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other animals. Recent evidence from CDC (2004) reported a human case of avian

influenza A subtype H7N2 in New York, United States, with the nature of the exposure

as unknown (ProMED, 2003).

Research supported that avian H5N1 virus are present in geese and ducks, and

H9N2 and H6N1 viruses in quail (WHO, 2004). The quail is considered a possible avian

"mixing vessel" for key genetic reassortment, for transmission of H5N1 viruses to

chicken and humans. Because the poultry industry is worldwide with the spread of

viruses, such as the Eurasian lineage of H9N2, it is suggested that a pandemic could take

place anywhere in the world (Shortridge et al., 2003).

Influenza viruses of avian origin have been implicated in outbreaks of influenza

in mammals, such as seals, whales, and pigs, as well as in domestic poultry (Webster et

al., 1998). Human-to-human transmission of avian influenza may increase the chances

for the emergence of a novel influenza virus with pandemic risk (Buxton et al., 2000).

The potential emergence of a new human pandemic virus will remain as long as the avian

influenza virus exists in the environment as seen in Table 3 (WHO, 2004).
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Table 3. Previous outbreaks of highly pathogenic avian influenza. From WHO, 2004.

Year
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The influenza virus sequence database contains 1 4 avian H 1 sequences, and only

nine are full-length sequences. Five of the 14 sequences are from turkeys or chickens, and

eight are from ducks. Two sequences are 99.6 % identical at the nucleotide level, and

most closely related: A/goose/Hong Kong/8/76 and A/chicken/Hong Kong/ 14/76. Two

most distantly related sequences are 85.2% identical: A/duck/Alberta/35/76 and

A/turkey/Germany/2482/90. Within the Eurasian group of avian viruses, sequences are

88 to 99.6 % similar. The North American avian viruses sequences are more similar,

ranging from 95.7 to 98.3 %.

The 1918 pandemic strain is equally distant between 74.5 and 77.6 % identical

from all the avian HI sequences. The 1918 HA were more closely related to avian strains

but some analyses placed the 1918 HA in the human clade and swine clade, suggesting it

shared both features (Reid et al., 2001). The complete 1918 NA segment has been

determined (Reid et al., 2001) and the analyses indicated the 1918 NA is the likely

common predecessor to successive human and swine H1N1 lineages. Despite the many

ways in which the 1918 HA resembled avian viruses, phylogenetic analyses always

placed the 1918 HA with the mammalian viruses and not with the avian viruses. Until

recently, little was known about the causative agent in 1918 (Oxford, 2000), suggesting

that this strain may have had a different origin.

Two theories of the 1918 HA origin are that the HA spent a time period in an

intermediate host where it accumulated many changes from the original avian sequences

or the HA came directly from a non-circulating avian virus (Reid & Taubenberger, 2003).

Analyses of respiratory disease reports in England and France from 1916 to 1917 may

have indicated a non-Spanish origin of the pandemic, and a period of two years for the
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virus to spread around the world. Wild aquatic birds captured between 1915 and 1919

were tested for influenza A virus. A 1917 Brant goose stored in the Smithsonian

Institution, was infected with a virus of the same HA subtype as that of the 1918

pandemic virus. The 1917 HA were more closely related to that of modern avian viruses,

instead of the 1918 pandemic virus. Therefore, results suggested that either little drift in

avian sequences have occurred over the past 85 years; or that the 1918 pandemic virus

did not acquire its HA directly from a bird (Fanning et al., 2002). However, there is still

the possibility that the HA may exist in an unidentified avian host.

Phylogenics is a technique used to analyze relationships among influenza viruses.

A hypothetical family tree is constructed using available sequence data to make

assumptions about ancestral relationships between current and historical influenza strains.

Most analyses place all the HA and NA near the root of the mammalian clade, suggesting

both emerged from an avian reservoir prior to 1 9 1 8. By 1 9 1 8, the virus acquired

sufficient mammalian adaptation to change into a human pathogen.

2B2.5 Pandemics of influenza

Pandemics of influenza are caused by novel virus subtypes of influenza A,

whereas influenza B does not have the potential to cause pandemics because there is no

animal reservoir of the virus (Zambon, 2001). Over the past two and a half centuries, 10

to 20 human influenza pandemics have surfaced (Chin, 2000; Baigent & McCauley,

2003; Rao, 2003). More awareness over the possibility of new pandemics has increased

by recent reports of human infection in Asia in 1997 with avian viruses (H5N1), in 1999

(H9N2), and isolation of human-avian reassorted viruses from pigs and humans in

Europe (Williams, Chen, Cho, & Chin, 2002).
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The first recorded influenza pandemic occurred in 1580, while three pandemics

occurred in each of the 18
th

and 19
th

centuries (Infectious Disease Society of America,

2005). Four pandemics occurred in the 20th century whereas some literature reports only

three pandemics (Health Canada, 2003a). Pandemics with subtypes were identified as: a)

H3N2 in 1900; b) H1N1 in 1918; c) H2N2 in 1957, where the virus was isolated as

A/Japan/57/H2N2; d) H3N2 in 1968, where the virus was isolated as

A/HongKong/68/H3N2; and e) H1N1 in 1977, where the virus was isolated as

A/Russian/77/HlNl.

In 1977, the H1N1 viruses reemerged and continue to circulate with H3N2 viruses

(CDC, 1999). However, the impact of H1N1 has changed. The virus that reappeared in

1977 was almost identical to an H1N1 virus that circulated in 1950. Therefore, the CDC

(1999) suggested most people born prior to 1950 were immune, and epidemics caused by

the H1N1 subtype viruses since 1977 have primarily affected younger people.

2B2.5.1 Spanish pandemic 1918-1919

Although people experienced the same human manifestations and clinical course

as in previous years, a higher percentage of people developed severe pneumonic

complications. This is one of the main reasons to monitor pneumonia cases. Those

persons less than 65 years of age accounted for more than 99% of influenza-related

deaths in 1918. The age group most severely affected was between 20 to 40 years (Reid

& Taubenberger, 2003). The mortality estimated was 20 to 50 million or more deaths

worldwide. An estimated 30,000 to 50,000 people in Canada died (Health Canada,

2004c). Epidemiologically, the two waves of the epidemic were similar, spreading

quickly through communities, peaking after a few weeks, then quickly declining. The
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first wave suggested that an influenza strain had already emerged by the spring of 1918

and was caused by an antigenic drift of a previously circulating influenza virus (Reid,

Taubenberger, & Fanning, 2001). In contrast, the high morbidity and mortality rates

suggested the HA surface protein was antigenically novel. The second wave suggested

the virus was highly transmissible. Therefore, both the rapid spread of influenza and the

severity of the illness suggested the virus was both new antigenically and very well

adapted to replication in humans (Reid et al., 2001). Data suggested that the 15 to 40

year old persons could have had a slower immune response system. Because of the low

death rate among the elderly, this may suggest that an HI subtype virus was circulating

before 1850.

Although viruses were not yet isolated in 1918, retrospective studies indicated

that the 1918 strain was a H1N1 subtype influenza (Taubenberger, Reid, Janczewski, &

Fanning, 2001). Reid et al. (2001) used techniques to study the 1918 virus. Using

preserved frozen and fixed lung tissue autopsy samples of two United States soldiers and

an Inuit woman, fragments of the virus have been isolated, copied and analyzed. The

strains from these three cases have been named A/SouthCarolina/1/18, A/New York/1/18,

and A/Brevig Mission/1/18 (Reid et al., 2001). All three cases have the same amino acid

E190D change indicating a shift from the avian receptor-binding pattern to a swine

pattern. The A/New York/1/18 was found to be identical to the swine flu virus

A/Sw/Iowa/30. The other subtype strains of 1918 had additional amino acid change from

the avian G225D. Swine viruses bind both avian and mammalian receptors, therefore it is

suggested that the A/New York/1/18 has the same capacity. The fourth and fifth cases

came from victims in London, England (Reid et al., 2003). Results showed that strains





A hospital study 62

from extensive geographical separation and from several months apart, shared a sequence

identity of99%.

Simultaneous outbreaks of influenza were seen in humans and swine in 1918.

The 1918 HA protein was encoded by a part of a gene derived from a swine-lineage

influenza and from a human-lineage influenza (Gibbs, Armstrong, & Gibbs, 2001).

Serological tests in the 1930's indicated that persons born prior to 1918 had antibodies

that neutralized swine H1N1 subtype influenza, and persons born afterwards did not.

Historical reports suggest the direction of influenza transmission was from humans to

pigs, but the relationship remains unresolved (Taubenberger, Reid, & Fanning, 2000)

2B2.5.2 Asian pandemic 1957-1958

Human influenza strains with acquired avian surface proteins were responsible for

the pandemic influenza in 1957. People under the age of 65 accounted for only 36% of

deaths due to influenza. Mortality associated the pandemic were nearly 6 million

(Oxford, 2000), with the highest excess mortality in the elderly and persons with chronic

diseases (Cox et al., 2003).

The subtype first appeared in Asia, previous epidemics also had their origin in

China. The 1 957 Asian H2N2 pandemic strain of influenza was a new subtype of the

genetic reassortments between avian viruses and human strains (Kida, 2000). The H2N2

subtype replaced the previous H1N1 subtype. Phylogenetic analysis revealed two

geographic site-specific lineages of avian H2 HA's: North American and Eurasian. The

avian sequence related most closely to the 1957 sequences is A/chicken/Korea/MS96/96,

differs at over 20 amino acids (Reid & Taubenberger, 2003).
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After the 1957 pandemic, there was an increased prevalence of H2 influenza

viruses among wild ducks in 1988 in North America, before H2N2 viruses appeared in

domestic fowl. As the prevalence of avian H2N2 influenza viruses increased on turkey

farms, in live bird markets in New York City and other areas, more of these viruses came

into direct contact with susceptible humans. The human Asian pandemic strain of 1957

continues to circulate in the avian reservoir (Schafer et al., 1993).

2B2.5.3 Hong Kong pandemic 1968

Hong Kong H3N2 virus subtype appeared in 1968. This subtype first appeared

also in China, and data suggested that previous epidemics also had their origin in China.

People under the age of 65 accounted for 48% of deaths due to influenza (Simonsen et

al., 1998). Mortality associated with the pandemic was nearly 6 million (Oxford, 2000),

with the highest excess mortality in the elderly, and in persons with chronic diseases

(Cox et al., 2003).

Sequencing of an avian H3 HA protein (A/duck/Ukraine/ 1/63) isolated in 1963

demonstrated its similarity to the HA protein of A/Aichi/2/68, one example of the 1 968

pandemic virus (Reid et al, 2003). Also, of approximately 40 amino acids involved in

antigenic recognition, only four amino acids differ between A/duck/Ukraine/ 1/63 and

A/Aichi/2/68 (Reid et al., 2003). Another example are the 14 amino acid differences in

antigenic residues between A/duck/Ukraine/ 1/63 and A/Victoria/3/75, a human virus

isolated seven years after the A/Aichi/2/68 virus. Phylogenetic analyses support the

avian origin of the 1968 pandemic HA protein (Reid et al., 2003).
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2B2.5.4 Russian pandemic 1977

The causative agent of the 1977 influenza revealed the similarity of influenza

viruses with the HI cycle in 1947 to 1956, supporting the hypothesis of Francis-

Davenport and Smorodintsev-Luzyanina that the Hong Kong H1N1 virus subtype

reappeared in 1977 (Grinbaum, Ivanova, Luzianina, Nevedomskaia, & Kudriavtseva,

1979). From November 1977 through mid-January 1978, persons younger than 25 years

in the Union of Soviet Socialist Republics experienced a widespread epidemic of mild

influenza caused by an HI Nl virus subtype similar to the virus that circulated worldwide

during the early 1950s. Outbreaks of Russian influenza occurred in school populations

and military recruits in the United States starting in mid-January. Many other countries

reported outbreaks of H1N1 virus in the winter of 1978 (Gregg, Hinman, & Craven,

1978). Some literature considers this pandemic as benign, as it did not increase mortality

(Gross, 1996), and primarily involved persons born after the 1950's.

2B2.6 Epidemics of avian influenza to humans

2B2.6.1 Hong Kong 1997 outbreak

The first outbreak of avian influenza A (H5N1) virus in humans occurred in Hong

Kong in 1997 (Webby & Webster, 2003). Pneumonia was reported in some infections. A

33% mortality rate was observed in the avian influenza A (H5N1) viruses that infected 18

people in Hong Kong in 1997 (Claas, 2000).

Infections were acquired by humans directly from chickens, without the

involvement of an intermediate host. The outbreak ended by a territory-wide slaughter of

more than 1.5 million chickens at the end of December 1997 (Chan, 2002). It is

postulated that a nonpathogenic H5N1 influenza spread from migrating shorebirds to
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ducks by fecal contamination of water. The virus was transmitted to chickens and became

established in live bird markets in Hong Kong. During transmission between different

species, the virus became highly pathogenic for chickens and occasionally was

transmitted to humans from chickens in the markets (Webby & Webster, 2003). Despite

high pathogenicity for chickens and humans, H5N 1 virus subtype was nonpathogenic for

ducks and geese.

2B2.6.2 Netherlands 2003 outbreak

Between the end of February and the end of May 2003, a fowl plague outbreak

occurred in the Netherlands at the same time of SARS. Avian influenza A/H7N7 subtype

was transmitted to humans (WHO, 2004). This highly pathogenic avian virus was

isolated from chickens, closely related to low pathogenic virus isolates obtained from

wild ducks. The same virus was detected subsequently in 86 humans who handled

affected poultry and in three of their family members. Of these 89 patients, 78 presented

with conjunctivitis, five presented with conjunctivitis and influenza-like illness, and two

presented with influenza-like illness. Influenza-like illnesses were generally mild, but a

fatal case of pneumonia in combination with acute respiratory distress syndrome occurred

also. Most virus isolates obtained from humans, including probable secondary cases, had

not accumulated significant mutations. However, the virus isolated from the fatal case

displayed 14 amino acid substitutions, some of which may be associated with enhanced

disease in this case. Because H7N7 viruses have caused disease in the past in mammals,

including horses, seals, and humans, they may have the potential to form a pandemic

threat to humans (Fouchier et al., 2004).
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2B2.6.3 Asia 2003-2004 outbreak

Avian influenza H5N1 was transmitted to humans in Hong Kong in 2003 (WHO,

2003). Direct avian-to-human influenza transmission was unknown before 1997. (Webby

& Webster, 2003) Public health concerns were raised regarding the possibility of a

pandemic threat from H5N1 subtype in humans in February 2003, yet the emergence of

the unknown SARS was taking place concurrently (WHO, 2003a).

At the time of this review, from mid-December 2003, eight Asian countries

(Cambodia, China, Indonesia, Japan, Laos, South Korea, Thailand, and Vietnam)

reported highly pathogenic avian influenza in poultry and various other birds caused by

influenza A (H5N1) (Trampuz, Prabhu, Smith, & Baddour, 2004). In January 2004,

laboratories determined that human H5N1 viruses in the human and avian outbreaks were

different from H5N1 viruses in outbreaks in Hong Kong in 1997 and 2003, suggesting

that the virus had mutated (WHO, 2004). At the time of this review, clinical experience

with avian H5N1 disease in humans was limited. As of April 2004, ProMED website

updated the strain in Thailand as H5N1, and the strain in Taipei, China as H5N2. The

total number of human cases recorded in Thailand as of October 4, 2004, was 16 cases of

which 1 1 died. The total number of human cases recorded in Vietnam as of October 4,

2004 was 27 cases, of which 20 died. Figure 13 illustrates avian influenza in Asia as of

August 2004. At the time of this review, no human-to-human transmission was

confirmed; evidence indicated that transmission of the avian influenza virus among

humans was restricted to family members and to the community (WHO, 2004).
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Figure 13. Avian influenza in Asia, January to August 2004. From WHO, 2004.
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2B2.6.4 British Columbia 2004 outbreak

When avian influenza was reported in British Columbia, Canada, experts were on

guard for human transmission. Both low and high pathogenic strains of H7N3 were found

in poultry farms in British Columbia. Two poultry farm workers were reported to have

contracted avian influenza H7 in April 2004 (Health Canada, 2004c). The strains were

also different from the recent strains of avian influenza in the United States (Health

Canada, 2004c). No further human transmission was reported, at the time of this review.
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The literature review on surveillance and influenza provided the necessary

background for further investigation. The most recent novel virus SARS-CoV threatened

the world as a potential pandemic. The last section 2B2 discusses an overview of SARS

disease.

2B2.7 SARS

The discovery of SARS was prompted by Dr Carlo Urbani; the WHO scientist

who alerted the world to the possibility of an epidemic (Singapore Science Center, 2003).

Initial research focused on the family of Paramyxoviruidae, after which some

paramyxovirus-like particles were found on respiratory specimens in patients from Hong

Kong. The human metapneumovirus (hMPV) was then reported on a number of SARS

patients (Chan et al., 2004). But, not all SARS patients were found to have hMPV. In

late March 2003, laboratories in Hong Kong, United States, and Germany found evidence

of a novel coronavirus. In April 2003, Canadian researchers from the Michael Smith

Genome Sciences Centre in British Columbia, and the National Microbiology Laboratory

in Manitoba, were the first to complete the genome sequencing of the new coronavirus

(Marra et al., 2003) followed by the CDC (Rota et al., 2003).

The prolonged incubation period allowed asymptomatic air travelers to spread the

disease globally. The number of people infected by each SARS case has been estimated

to be 2.7 (Chan-Yeung & Xu, 2003). Chan-Yeung and his colleagues (2003) reported

people of all ages were affected, mostly females. Health care workers were at high risk

and accounted for one-fifth of all cases. Mortality risk factors included older age and

comorbid illnesses, especially diabetes.
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Researchers supported that SARS-CoV was person-to-person transmission mainly

by respiratory droplets, or by direct inoculation from contact with infected surfaces

(Chan-Yeung & Xu, 2003). However, controversy between researchers continues

whether airborne transmission is definite (ProMED, 2004). Some of the animal market

traders in China, possibly related to their direct exposure to wild animals (particularly to

civet cats), were infected with SARS-CoV during the SARS epidemic. However, these

people were not noticed due to the initial vague clinically manifestations (Xu et al.,

2004).

2B2. 7. 1 SARS-Co V characteristics

On April 16, 2003, the WHO announced a new coronavirus as the cause of SARS

(Kuiken, Fouchier, Rimmelzwaan, & Osterhaus, 2003) after 13 laboratories in ten

countries showed the new coronavirus met all four Koch"s postulates. Genetic analysis

indicated different strains of SARS-CoV, which is important for epidemiological studies

clinical implications (Preiser & Drosten, 2003).

Researchers reported the SARS-CoV is an enveloped, positive stranded RNA

coronavirus, and features the largest genomes known to this date (Ksiazek et al., 2003;

Lu et al., 2004). Therefore, the genome of the SARS-CoV is larger than the other

coronaviruses. It has a genome of 29,727 nucleotide bases and eleven open reading

frames (Hunt, 2004). Research by Hunt (2004) reported nine possible open reading

frames not found in other coronaviruses, which may code for proteins that are unique to

the SARS-CoV. The genetic sequence, though similar to other coronaviruses, is different

enough to make it another group of the coronaviruses (Marra et al., 2003) (Figure 14).
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Figure 14. Groups of coronaviruses. SARS-CoV is a new group. From Cann, 2004a.
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The SARS-CoV genome's closest relatives are the murine, bovine, porcine, and

human coronaviruses in group two, and the avian coronavirus IBV in group one (Prieser

et al., 2003). The SARS-CoV is similar to the other coronaviruses structurally, as it has a

spherical protein envelope, with membrane glycoproteins, and spike glycoproteins

creating a halo or corona (Figure 1 5).
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1

Figure 15. Spike glycoprotein on surface membrane of SARS-CoV. From Holmes et al.,

2003.

Studies indicated that SARS-CoV genome consists of five open reading frames

(ORF) similar to the other coronaviruses that encode a) Replicase polyprotein: b) Spike

glycoprotein (S); c) Envelope glycoprotein (E); d) Membrane glycoproteins (M); and e)

Nucleocapsid protein (N) in the same order and size as the other coronaviruses (Hunt.

2004; Holmes et al., 2003). Figure 16 illustrates the S, E, M, and N proteins in the

SARS-CoV. There is a complete 29,700 nucleotide sequence available for many SARS-

CoV isolates and strains, with some differences in the non-structural (NS) proteins (Cann.

2004).
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Figure 16. Proteins of the SARS-CoV. From Holmes and Enjuanes. 2003.

Coronavirus organization. A model of the coronavirus

structure showing the organization of the spike (S), mem-
brane (M). and envelope (E) glycoproteins. The RNA is pro-

tected by a helical capsid of N protein monomers

2B2. 7.2 Reservoir ofSARS-CoV

People question whether the SARS-CoV harbored in China since the SARS

outbreak. There may be possibilities that the SARS-CoV is possibly in a covert area

awaiting favorable conditions to resurface as with other viruses. But researchers in China

found similar human SARS isolates from apparently healthy masked palm civets

(Paguma larvata).

Live-animal markets or wet markets sell live-poultry, fish, reptiles, and mammals.

Live-poultry markets (mostly chicken, pigeon, quail, ducks, geese, a wide range of exotic

wild-caught and farm-raised fowl) are usually separated from markets that sell fish or

red-meat animals, but the stalls can be close to each other without a physical barrier.

Yi Guan and colleagues (2003) reported the isolation of SARS-CoV from

Himalayan palm civets (Paguna larvata) in wet markets in Shenzen, southern China, and

found serological evidence of infection in raccoon dogs (Nyctereutes procuyoinboides)
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(Webster, 2004). It is believed that humans became infected with SARS-CoV as they

raised and slaughtered the animals, rather than by consumption of infected meat (Preiser

& Drosten, 2003).

Contaminated sewage was found to be responsible for the outbreak in the

apartment building in Hong Kong, affecting over 300 residents (Chan-Yeung & Xu,

2003). The possibility of oral route or aerosolization of droplets was considered as a

possible transmission, from the contaminated sewage in the pipes of the apartment

building. Knowledge of the ecology of influenza in wet markets could be used as an

early-warning system to detect the reappearance of SARS.

2B2. 7.3 Pathogenesis ofSARS-CoV

Within the first 10 days of the SARS illness, findings of diffuse alveolar damage

(DAD), with a mixture of inflammatory infiltrate, edema and hyaline membrane

formation were observed. Desquamation of pneumocytes was consistent. After 10 days

of illness, the clinical picture changed to one of organizing DAD with increased fibrosis,

squamous metaplasia, and multinucleated giant cells (Preiser & Drosten, 2004). The role

of cytokines in the pathogenesis of SARS was not clearly defined. Data supported that

the angiotensin-converting enzyme 2 (ACE2) was a functional receptor for SARS-CoV

(Kuhn, Li, Choe, & Farzan, 2004). This receptor is found in the lungs, heart, kidney and

gastrointestinal (GI) tract. The major effects from SARS were cell death, not directly by

cytopathic effect, but by the virus replication budding process. Because viral replication

had been seen in the small and large intestine, this could explain the occasional GI

symptoms. GI symptoms were less common at clinical presentation, including diarrhea

(27%), vomiting (14%), and abdominal pain (13%) (Donnelly et al., 2003). However,
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other researchers studied diarrhea in 50% of patients (Poutanen et al., 2003). Therefore,

the pathogenesis of the SARS-CoV may evolve in a different manner if SARS remerges

in different forms of symptomology and clinical presentations.

2B2. 7.4 Immune response to SARS-CoV

Although at the time of this review the exact mechanism was unknown, the viral

infection induces a hypersensitivity reaction in the host. The genomic sequence of

SARS-CoV includes the nucleic acid sequences of the antigens, against which antibodies

are directed. Humoral immunity involves the antibody production directed against the

structural antigens on the surface of the virus, and cell-mediated immunity (T cells)

promoting antibody production to destroy infected cells.

Nonspecific immune defenses such as fever and inflammation, attempt to control

the spread of viruses and eliminate the source of new virus (Berger et al., 2005). Cell-

mediated immunity T-cells lyse the infected host cells. For the SARS illness, cell

invasion spreads to the respiratory tract's mucosal epithelium (Berger et al., 2005). Due

to the viral invasion of host cells and the immune response, persons with SARS

experience symptoms of fever, headache, body aches, and respiratory symptoms as the

infection progresses (Berger et al., 2005). Production of sputum and mucus lead to

complications of pneumonia, hypoxia and respiratory failure as the infection continues.

2B2.7.5 SARS clinicalfeatures

Understanding the virology and pathogenesis of SARS-CoV increases the

awareness for new clinical features that may emerge if a SARS outbreak returns. If the

SARS-CoV reservoirs are discovered in different parts of the world, adaptation to the

human population may change, and possibly result in new clinical features. The
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following reviews the general clinical signs and symptoms reported from the historical

SARS cases.

Studies indicated the incubation period for SARS is two to seven days but can be

up to ten days (CDC, 2003; WHO, 2003). Symptoms begin with a high fever greater

than 38.0°C, chills, rigors, malaise, headache, and myalgia (Health Canada, 2004c;

Poutanen et al., 2003; WHO, 2003). Mild respiratory symptoms may also be present at

the onset of disease (WHO, 2003). After three to seven days, the onset of lower

respiratory symptoms occurs that include dry, non-productive cough or dyspnea. Most

people develop pneumonia (WHO, 2003). The severity of the illness ranges from mild

illness to death. Less common symptoms include sputum production, sore throat, coryza,

dizziness, nausea, vomiting and diarrhea (Health Canada, 2004c). The elderly may

present with a decrease in general well being, poor feeding, a fracture and delirium,

without the typical febrile illness (Wang & Chang, 2004). A seroprevalence study in

Hong Kong during the SARS outbreak reported three of the 400 healthy blood donors

and one of 1 3 1 non-pneumonic pediatric patients were positive for IgG antibodies (Woo

et al., 2004). These findings supported the existence of non-pneumonic SARS-CoV

infections. However, it was not clear if the healthy blood donors had comorbidities or

other non-SARS conditions.

The common laboratory findings reported were lymphopenia with depletion of

CD4 and CD8 lymphocytes; thrombocytopenia; prolonged activated partial

thromboplastin time; elevated D-Dimer; elevated serum alanine and aspartate

aminotransferase, lactate dehydrogenase, creatine phosphokinase, and C-reactive protein.

(Wang & Chang, 2004).
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A comparison of clinical presentations of SARS patients were reviewed from two

distinct parts of the world, that is Toronto, Canada and Singapore, Hong Kong. In

reviewing the literature, it was evident that Hong Kong researchers were reporting and

publishing clinical course of SARS early in 2003 (Hsu et al., 2003). Observations

suggested that Hong Kong researchers collected detailed epidemiological data during the

early SARS outbreaks, compared to the Canadian studies, reflecting they had in place

effective surveillance strategies. This information supported the need for improved

surveillance methods in Canada, as surveillance strategies were implemented only when

new information became available.

Poutanen et al. (2003) reported clinical features from Canadian patients. The

following symptoms were observed in these patients in descending order of frequency:

fever, nonproductive cough, dyspnea, malaise, diarrhea, chest pain, headache, sore throat,

myalgia, and vomiting (Poutanen et al., 2003). The chest radiography finding was an

infiltrate (Poutanen et al., 2003).

Clinical features including demographics, laboratory results, clinical course were

well documented in Singapore studies (Hsu et al., 2003). Both global studies reported

similar symptomology and laboratory findings, except Singapore researchers found

patients with anorexia, shortness of breath, nausea, sore throat, chills, and rhinorrhea

(Hsu et al., 2003). In contrast, Canadian studies reported chest pain symptoms (Poutanen

et al., 2003). The Singapore study collected clinical course data, and more research is

needed in Canadian studies in the area of clinical course documentation.
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2B2.8 SARS vaccine

The SARS-CoV genome sequence is necessary to develop a vaccine against the

SARS illness. At the time of this study, countries were working on developing a vaccine

to protect against SARS. Since a vaccine is effective by inducing protective immunity,

then the most immunogenic portions of the virus need to be identified and part of the

components of the vaccine. Therefore, the vaccine should include the proteins from the

virus that will induce the production of protective antibodies. The spike protein (S) and

membrane protein (M) may be immunogenic antigens but sequencing indicates they have

a high mutation rate. Mutating viruses like SARS-CoV complicate the production of an

effective vaccine because antibodies produced against antigens that are rapidly mutating

do not provide protective immunity. The N protein is considered a potential diagnostic

antigen and vaccine candidate for SARS-CoV (Chen et al., 2004).

In summary, the above comprehensive literature review provided the foundation

on the status of Public Health surveillance, pneumonia, influenza and SARS. This

information was crucial in identifying research gaps in the field of respiratory

surveillance, and to assist the researcher define specific objectives and research questions

for the present study. In order to enhance pneumonia surveillance in acute care facilities

the researcher identified the following research gaps.
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2B2.9 RESEARCH GAPS

The research gaps listed below are identified in the researcher's conceptual model for

enhancing pneumonia surveillance in acute care facilities (Figure 17, page 81, depicted in

green). As mentioned earlier the outcomes of pneumonia surveillance are depicted in

yellow in the illustration:

1

.

Lack of baseline knowledge of the etiologies and risk factors of

pneumonia in an acute care facility (Figure 17, lb).

2. Lack of understanding of the mortality predictability of pneumonia in an

acute care facility (Figure 1 7, 1 c).

3. Lack of hospital surveillance measures to identify the baseline frequency

of pneumonia and influenza in an acute care facility (Figure 17, Id).
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CHAPTER THREE: METHODOLOGY

3.1 GENERAL OBJECTIVES

The research study has four specific objectives (Obj.) in Figure 17, on page 81

(depicted in pink), to enhance pneumonia surveillance in acute care facilities and address

the identified research gaps:

1. Identify the etiologies, factors and clinical presentation associated with

pneumonia (Figure 17, Obj. 1).

2. Assess the ODIN score on ICU patients to predict outcomes of severe pneumonia

(Figure 17, Obj.2).

3. Identify the frequency of pneumonia and influenza in a hospital setting (Figure

17, Obj.3).

4. Develop a hospital pneumonia electronic surveillance tool (Figure 1 7, Obj .4).

3.2 RESEARCH QUESTIONS

A research study in a hospital population during a typical influenza season was

designed with the following research questions (RQ) to meet the above specific

objectives (Obj). The research questions are illustrated in Figure 17, on page 81 (depicted

in blue).

1 . What are the microorganisms associated with pneumonia and influenza

diagnoses? (RQ1) (Obj. 1)
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2. What factors are associated with pneumonia diagnoses? (RQ2)(Obj.l)

3. What are the clinical presentations associated with pneumonia and influenza

diagnoses? (RQ3)(Obj.l)

4. Can the ODIN score predict pneumonia mortality in an ICU setting?

(RQ4) (Obj.2)

5. How many patients were diagnosed with pneumonia and influenza?

(RQ5) (Obj.3)

6. What is the role of influenza virus related to pneumonia diagnoses?

(RQ6) (Obj.3)





A hospital study 8

1

Figure 17. Feltrin's conceptual model for enhancing pneumonia surveillance in acute care

facilities-with associated research objectives and research questions.

3a. Enhance national/global public health respiratory

surveillance

t

2a. Enhance regional public health respiratory

surveillance

t

1a. Early identification of acute care facility

respiratory outbreaks

lb. Baseline knowledge

of the etiologies, and risk factors of

pneumonia in an acute care facility

obU

lc. Understand the mortality predictability of

pneumonia in an acute care facility

/^

Obi. 3

RQ5 jiJl RQ6
j

Id. Hospital surveillance measures to identify the

baseline frequency of pneumonia and influenza in an

acute care facility _, .J
Obi. 4

4a. Alert novel strains of influenza, SARS, emerging

respiratory diseases
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3.3 DESIGN

The research design selected was a descriptive, observational retrospective chart

review of a series of cases describing manifestations, clinical course, and prognosis of a

condition, which is a common study type in clinical literature (Gay, 1999; APIC 2000).

Due to the nature of this study, no controls were selected. The Health Data Department

provided the number of pneumonia and influenza charts from an acute care facility

October 1, 2003 to May 30, 2004.

3.4 SETTING

The study was conducted at an acute care facility in Niagara Falls because of its

close proximity to Toronto, Ontario, a previous SARS zone, and the tourist influx to

Niagara Falls yearly. The Niagara Health System was comprised of eight Sites during the

time of this study, and one Site was chosen as a pilot. Greater Niagara General Site was a

210-bed community hospital with services and programs for critical care, emergency,

medical, surgical, maternal/child, mental health, and complex continuing care. At the

time of this study, the hospital consisted of 133 acute care beds, 48 chronic care beds, and

29 mental health care beds.

3.5 SAMPLE

Medical charts of all newly admitted patients or current inpatients from the above

hospital setting, diagnosed with influenza and pneumonia from October 1, 2003 to May

30, 2004, was included in this study.
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3.6 ETHICS

Approval from the Niagara Health System Greater Niagara General Site's

Research Ethics Committee (September 22, 2004), and Brock University Research Ethics

Board (June 22, 2004) was obtained by the researcher, prior to abstracting data

(Appendix D).

3.7 DATA SOURCE

The Regional Health Data Analyst from the Niagara Health System received

written approval from the Infection Control Department as per the hospital policy. The

researcher was provided with a chart listing of primary diagnoses of influenza and

pneumonia using the codes (J 10.0, J 10.1, Jl 1.1, J 12.1, J 13, J 18.0, J 18.8, J 18.9, J69, J81,

J85.2, J90, J95.88, R04.2, R06.0, R06.8, R09.1) from The International Statistical

Classification of Diseases (ICD-10) and Related Health Problems, 10
th
Revision (WHO,

2003c). The diagnosis descriptions provided to the researcher were: pneumonia

unspecified; bronchopneumonia unspecified; influenza with other respiratory illness;

influenza with pneumonia; RSV pneumonia; pneumonia streptococcus pneumoniae;

pleurisy; pleural effusion; dyspnea; hemoptysis; pneumonitis; other pneumonia organism

specified; and abscess of lung without pneumonia. The Canadian Institute for Health

Information (2001) developed an enhanced version of ICD-10 called the ICD-10-CA, and

the Canadian Classification of Interventions (CCI), a companion classification for coding

procedures in Canada. The J 10.0 to J98.8.8 codes deal with influenza, pneumonias,

pulmonary edema, and pleural effusion (WHO, 2003).
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3.8 DATA COLLECTION

3.8.1 Data recording

The Niagara Health System Greater Niagara General Site's Health Data

Department's Analysts provided the medical charts, and the researcher reviewed them in

situ. To extract the information, case report surveillance forms were developed by the

researcher to systematically collect and input data manually (Appendices A, B, and C).

Later, the researcher transferred the manual data into a spreadsheet database (Appendix

E).

All patient data was collected and recorded by the researcher. All patients were

eligible for the study if the physician's final diagnoses were documented as pneumonia or

influenza as coded by the Health Data Analysts. The data was cleaned and checked for

missing data, checked for duplication of cases, and for inclusion criteria meeting the

definitions of community-acquired pneumonia or nosocomial pneumonia.

All radiological reports documented (by the physician or radiologist) as infiltrate,

consolidation, pneumonitis, opacities, densities, or atelectasis compatible with

pneumonia; were indicated as pneumonia in the final diagnosis and recorded by the

researcher. This evidence corresponded to the pneumonia diagnosis in this study.

Pneumonia, as explained earlier in the literature review, is defined as inflammation or

infection of the lungs (Canadian Lung Association, 2004).

All laboratory reports documenting a positive influenza A virus detected in a

rapid viral testing or viral culture, were recorded in the final diagnosis by the researcher.

Influenza, as explained earlier in the literature review, is defined as influenza-like illness
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in the clinical presentation (Health Canada, 2004b) and the confirmation of the positive

laboratory test corresponded to the influenza diagnosis in this study.

3.8.2 Case definition offever respiratory illness tool to rule out SARS or Avian influenza

risk

Criteria to rule out SARS/Avian influenza for hospitals were provided by the

Ontario Ministry of Health and Long Term Care June 16, 2003 SARS Screening Tool

followed by the January 6, 2004 Fever Respiratory Illness Screening Tool and included:

1) new or worsening cough or shortness of breath not otherwise explained; and 2) fever

>38°C (OMHLC, 2004).

3.8.3 Case definition ofnosocomial pneumonia

For the present study, nosocomial or hospital-acquired pneumonia was defined as

pneumonia onset occurring after the first 48 hours of hospital admission (Leroy &

Soubrier, 2004).

3.8.4 Case definition ofcommunity-acquiredpneumonia (CAP)

The case definition used by the researcher was similar to the definition of Leroy et

al. (1997), or defined from the discharge notes or physician's diagnosis. CAP that is

based on the following inclusion criteria noted at initial presentation or occurring within

48 hours after hospitalization: 1) admission from home or a nursing home; 2) the

presence of a new radiographic pulmonary infiltrate; 3) acute onset of at least one major

(cough, sputum production, fever) or two minor (dyspnea, pleuritic chest pain, altered

mental status, pulmonary consolidation on physical examination, total leukocyte count

greater than 12,000/mm
3
) clinical or biological findings suggestive of pneumonia (Leroy

etal., 1997).
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3.8.5 Patient characteristics

The following parameters were recorded for each case if available:

a) Demographics: age, gender, residence prior to admission (nursing home or

community, postal code).

b) Epidemiological information: Ontario Ministry of Health and Long Term Care

January 21, 2004 Fever Respiratory Illness Screening Tool for SARS and avian

influenza risk (OMHLC, 2004).

c) Clinical history: onset date, symptoms, (dyspnea, cough, chest pain,

nausea/vomiting, altered mental status), vital signs, medical precomorbidities

(cardiac, pulmonary, hepatic, renal, neurological, malignancy, endocrine,

immunosuppressed), admitting diagnosis, final diagnosis, date of hospital

admission, discharge date, length of hospital stay, date of ICU admission, and

initiation of mechanical ventilation if applicable, length of intubations.

d) ODIN scores were calculated for all patients admitted to the ICU to assess

predictive value for mortality. For each ICU patient, the researcher reviewed all

organ dysfunctions and infection definitions. One point was added for each organ

dysfunction and infection for a total score. The predictive value for mortality was

predetermined according to the calculated score (Fagon et al., 1993).

e) Laboratory reports: leukocyte count, lactate dehydrogenase (LDH), calcium,

creatinine kinase, platelets, serology, microbial culture results (from blood, throat,

sputum, urine), and daily arterial blood gas values.

f) Radiological findings: on admission and follow-up the following was coded as

compatible with pneumonia: new pulmonary infiltrates; consolidation; densities;
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opacities; pneumonitis with the number of quadrants involved; Other respiratory

findings such as atelectasis; presence of acute respiratory distress syndrome

(ARDS) were recorded. Patients without radiological reports were recorded as not

done. Evidence of no pneumonia was recorded as negative, or no pneumonia

identified.

g) Antimicrobial treatment: including antibiotics or antivirals ordered.

3.9 DATA ANALYSIS

Data were analyzed using the SPSS 1 1 .5 software version (Statistical Package for

the Social Sciences, Chicago, Illinois, USA). Descriptive statistics summarized the

clinical characteristics and complications; demographics; laboratory and radiological

findings; ODIN scores; pathogens identified; comorbidities; community-acquired versus

nosocomial pneumonia and infections. Descriptive statistics were expressed as frequency

distributions or proportions. The level of significance was set at p < 0.05. Chi-square

tests were performed for all categorical variables to evaluate associations of variables.

Univariate analyses using crosstabulations were applied for all categorical

variables of epidemiologic, clinical, radiological, laboratory, outcome data to identify the

odds ratios (OR) and 95% confidence intervals (CI).

Multivariate analysis using logistic regression was performed to assess which

predictors were associated with the binary outcome. The binary outcome selected for the

study was pneumonia and non-pneumonia. The non-pneumonia cases included any

influenza diagnosis or influenza detection without pneumonia.
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In order to better understand the data results, a brief description of logistic

regression is described. A significant logistic regression model in this study could predict

the probability of occurrence of pneumonia over the influenza season given the factors

are predictor variables: etiology, age, sex, signs and symptoms, laboratory reports,

microbiology cultures, mechanical ventilation, intensive care unit admission, ODIN

score, precormobidities, and fever respiratory illness screening tool results. The predictor

variables were entered into the model by forced entry of significant predictors identified

from the univariate analysis, and to test the fit of the model by backward stepwise

regression. Coefficients were tested for significance or elimination from the model by

the use of statistical techniques: Wald test, likelihood-ratio test, Hosmer-Lemshow

statistic. The purpose of logistic regression analysis was to correctly predict the outcome,

and provide knowledge of the relationships and strengths among the variables using the

most parsimonious model.

Before conducting the logistic regression models, the following assumptions were

checked and listed below: 1) The model does not assume a linear relationship between

the dependents and the independents. The dependent variable need not be normally

distributed; 2) There is no homogeneity of variance assumption; 3) The model does not

require that the independents be interval; 4) Meaningful coding of logistic coefficients; 5)

Inclusion of all relevant variables in the regression model; 6) Exclusion of all irrelevant

variables; 7) Low measurement error and no missing cases; 8) The model does not

account for interaction effects except when interaction terms are created as additional

variables in the analysis. 9) No multicollinearity. As the independents increase in

correlation with each other, the standard errors of the logit (effect) coefficients will
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become inflated. Multicollinearity does not change the estimates of the coefficients, only

their reliability. High standard errors flag possible multicollinearity; 10) No outliers; 1 1)

Large samples. Logistic regression uses maximum likelihood estimation (MLE). Very

high parameter estimates (logistic coefficients) may signal inadequate sample size; 12)

Sampling adequacy. Goodness of fit measures and crosstabulations assures this

requirement is met; and 14) The expected variance of the dependent variable can be

compared to the observed variance, and discrepancies may be considered under- or over-

dispersion. If there is moderate discrepancy, standard errors (SE) will be over-optimistic

and adjusted standard error should be used. Adjusted SE will make the confidence

intervals wider. Adjusted SE for logistic regression is -2Log Likelihood in the SPSS

logistic regression output (Chan, 2004; Garson, 2002; Martin & Acuna, 2002).
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CHAPTER FOUR: RESULTS

4.1 DESCRIPTIVE CHARACTERISTICS

The researcher cleaned the data and checked all the final diagnoses corresponded

to the discharge diagnoses, physician health data consultations, radiological and

laboratory reports, once the Health Data Analyst provided the original chart listing.

Overall 180 cases were entered into the initial database. Eight cases were excluded due to

duplication of admission dates, chart numbers; or failure to meet the inclusion criteria.

The final sample included 172 cases of which 132 (77%) were diagnosed with

pneumonia, while the other 40 cases (23%) had no pneumonia- but mostly influenza.

Of the 40 cases with a diagnosis other than pneumonia, 85% (34/40) were

diagnosed with influenza with one of the additional final or secondary diagnoses noted

from the medical charts: febrile convulsions, chronic obstructive pulmonary disease,

major depression, congestive heart failure, hypotension, stroke, failure to thrive, fractured

pelvis, parturition, hepatitis, bipolar disorder, febrile neutropenia, viral illness,

bronchiolitis, acute sinusitis, bronchitis. The remaining 15% (6/40) of the non-pneumonia

cases had a final primary diagnosis of pleurisy (1), pleural effusion (1), emphysema (1),

or undefined respiratory infection (3).

Because of the importance of differentiating between those cases diagnosed with

pneumonia versus those diagnosed without pneumonia, all of the data will be presented

as a clear distinction between the two groups: Pneumonia and Non-pneumonia. It should

be kept in mind; however, that 85% of the latter were indeed influenza diagnoses.
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4.1.1 Gender and age

Of the 1 72 cases, 86 (50%) were females and 86 were (50%) males. Described in

Table 4 is the sample's age distribution relative to gender. Out of 86 females, 29%

(25/86) were from the < 10 years of age category. In contrast to the 86 males, 20%

(17/86) were from the 10 years or less age category. The 71 to 80 years of age category

consisted of more males (27%) than females (14%); but gender was equally distributed in

the 81 to 90 years of age category with 2 1% males and 2 1% females.
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Table 4. Distribution of age categories relative to gender for pneumonia and non-

pneumonia of 172 patients admitted to an acute care facility during influenza season

October 1, 2003 to May 30, 2004.

Age (years)
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difference that patients in the age groups 51-80 years of age were more diagnosed with

pneumonia than with non-pneumonia (Table 5).

Statistical analyses using crosstabulations and chi-square testing identified no

statistical significant differences between gender and age groups (df = 9, x 2 = 14.624,

p > .05), but statistical significant differences between gender and pneumonia (df =1,

x2=4.691,p.030).

Table 5. Frequency distribution of age categories for pneumonia and non-pneumonia of

172 patients admitted to an acute care facility during influenza season October 1, 2003 to

May 30, 2004.

Age (years) Pneumonia No Pneumonia Total Sample

n= 1 32 (%) n= 40 (%) n= 1 72 (%)

<10
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4.1.2 Location preadmission

Eighty-four percent from the total sample (144/172) were admitted from the

community; 13% (23/172) from a nursing home or long-term care facility; 2% (4/172)

from another hospital; and 1% (1/172) from the same or index hospital (Table 6).

From the total sample, 6% (10/172) were classified as having an infection of

nosocomial origin and 94% (162/172) were considered of a community-acquired origin.

Of those 162 cases that were admitted with a community-acquired illness; 85% (137/162)

from private dwellings, 21% (13/162) from a long-term care facility, and 2% (4/162)

from another hospital. Of the 10 patients that were classified with a nosocomial illness;

70% (7/10) had been admitted from private dwellings in the community, 20% (2/10) from

a long-term care facility, and 10% (1/10) from the same hospital. Statistical analyses

using crosstabulations and chi-square testing identified significant differences in location

of the patients preadmission to diagnosis (community, long-term care, another hospital,

index hospital) and the origin of illness whether community-acquired or nosocomial

classification (df = 3, x2 = 17.034, p < .05)
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Table 6. Location preadmission and origin of illness (community-acquired versus

nosocomial) of 172 patients admitted to an acute care facility during influenza season

October 1, 2003 to May 30, 2004.

Location Preadmission Origin of Illness Origin of Illness Total Sample

(Community-acquired) (Nosocomial)

n=172(%)

n=162(%) n=10(%)

Community
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At the time of admission, some patients presented with precomorbidities, 41% of

which were observed in patients aged 71-90 and 7% in patients 10 years of age or

younger. Cardiac precormobidities was seen in 35% (60/172) of the total sample whereas

respiratory precormobidities was seen in 29% (50/172).

Laboratory hematology and chemistry findings were consistent with the

respective illness. For example, findings showed elevated leukocytes, and neutrophils

despite no elevation in body temperature on presenting signs and symptoms (data not

shown).

Radiological studies were done on 163 patients. Seventy-five percent (123/163) of

the total sample had reports compatible with pneumonia, 25% (40/163) of the cases did

not show evidence ofpneumonia on radiology.

Fifty-eight percent (99/172) of the total sample were admitted to the medical units

whereas 8% (13/172) of the cases were admitted to the ICU. ODIN scores were

calculated in the latter group, of which 1 2 patients had pneumonia and 1 had a Non-

pneumonia diagnosis. Out of the 12 cases with pneumonia, 42% (5/12) died as illustrated

in Table 7 under the non-survivors. These 5 deceased had ODIN scores of 3, 4, or 5 from

at least four organ systems. The mortality risk for an ODIN score of 3, 4 and 5 is 32.3%,

64.9%, and 75.9% respectively as predetermined (Appendix C).

The infection in this scale was detected in 13% (1/8) of the cases that survived

and 20% (1/5) of the cases that did not. Hematology dysfunction was common in each of

the survivors. Respiratory and cardiovascular dysfunction was of greater proportion in the

non-survivors.
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Table 7. Distribution of organ dysfunctions and infection (ODIN) score in 13 ICU

pneumonia and non-pneumonia patients admitted to an acute care facility during

influenza season October 1, 2003 to May 30, 2004.

ODIN score Survivors

Mortality risk (%) (pneumonia n=7)

(non-pneumonia n= 1

)

n=8

Non-survivors Total ICU cases

(pneumonia n=5) (pneumonia n=12)

(non-pneumonia n= 1

)

n=5 n=13

0(2.6)

1 (9.7)

2 (16.7)

3 (32.3)

4 (64.9)

5 (75.9)

6 (94.4)

7 (100)

*Respiratory

*Cardiovascular

*Renal

*Neurological

*Hepatic

hematological
* Infection

2

2

3

1

3

5

2

8

1

1

2

2

5

5

3

3

3

1

2

2

4

3

2

''organ dysfunction

Five percent (6/132) of the pneumonia cases (in ICU) required ventilatory

support. Ventilator-associated pneumonia was not an issue since all of the 6 ICU cases

were diagnosed with pneumonia prior to the ventilator support. In contrast, none of the

non-pneumonia cases required ventilator support.

The length of stay reported for the total sample ranged from 1 day to 270 days

(data not shown). The length of stay reported for the majority of pneumonia group in the

sample was 2 days and 3 days (19 and 18 cases, respectively). The length of stay reported

for most of the non-pneumonia group was 1 day (9 cases).
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In regards to discharge outcomes 92% (159/172) patients survived and 8%

expired during the hospital stay. Of the total sample, 73% (125/172) were discharged

home, 11% (20/172) were transferred to a long-term care facility, 4% (7/172) were

transferred to another hospital, and 4% (7/172) stayed at the index hospital. The details of

the clinical findings in both the pneumonia and non-pneumonia group are illustrated in

Table 8.
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Table 8. Comparison of patient characteristics associated with pneumonia and non-

pneumonia of 172 patients admitted to an acute care facility during influenza season

October 1, 2003 to May 30, 2004.

Patient Characteristics Final Dx
Pneumonia
n=132 (%)

Final Dx
No Pneumonia
n=40 (%)

Total Sample

n= 172 (%)

Gender male
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4.1.4 Etiology

Of the 172 cases, 124 (72%) were tested for microbiology whereas 48 (28%) were

not done or unknown. An etiology could be determined in 55 cases (32%). Sixty-nine

cases (40%) were considered negative (or reported as no growth plus commensal flora

alone). Five cases (3%) were tested for Legionella antigen and were all negative (data not

shown). Overall and not including the commensal flora findings, 19 different pathogens

were isolated in blood, sputum, urine, stools, wounds and by serology.

Microbial isolates of the samples belonging to the 132 pneumonia cases were as

follows: 12/132 (9%) had only a single bacteria; 1/132 (0.8%) had mixed bacterial

infection; 1/132 (0.8%) had mixed bacterial and fungal infection; 8/132 (6%) had a

single viral species; 1/132 (0.8%) had mixed virus and bacterial infection; and 2/132

(2%) had only a single fungal species.

Specifically 3% percent (4/132) of the pneumonia cases had Streptococcus

pneumoniae. Four percent (5/132) of the pneumonia cases had RSV.

Of the 40 non-pneumonia cases, 25/40 (63%) had influenza A alone; 3/40 (8%)

had influenza A mixed with bacteria; 1/40 (3%) had influenza A mixed with RSV; and

1/40 (3%) had a Staphylococcus bacterial infection alone.

Of the 172 cases, multiple pathogens were evident in 7 cases (4%). Only 2

additional cases (1%) had 2 organisms isolated on the same source (Influenza A and

RSV; Staphylococcus aureus and Asperilligusfumigatus).

The most common antimicrobial prescribed in the hospital was Levaquin, a third

generation cephalosporin. Eighty-five cases (73 of the pneumonia cases; 12 of the non-

pneumonia cases) received this medication.
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In regards to pneumococcal resistance in the antimicrobial patterns reported,

three of the four Streptococcus pneumoniae isolates were sensitive to penicillin, and one

report was inhibitory to penicillin. Antibiograms sensitivity reports to other common

antibiotics were recorded from blood and sputum sources where Streptococcus

pneumoniae was isolated. From the 3 blood cultures, Streptococcus pneumoniae was

sensitive to ceftriaxone (third generation cephalosporin), levofloxacin, vancomycin, and

penicillin; resistant to meropenem; and inhibitory to penicillin. From one sputum

specimen: Streptococcus pneumoniae was sensitive to penicillin, ceftriaxone,

erythromycin and cotrimoxazole.

4.1.4.1 Influenza

All influenza viral detections were obtained from nasopharyngeal sources. Out of

the 172 cases, 32 (19%) had laboratory confirmed influenza A virus. Of the 32 influenza

A positive cases, 3 (9%) had both influenza and pneumonia.

Of the 1 32 pneumonia cases, 3 (2%) were positive for Influenza A virus (2 cases

with the single virus; 1 case with Cornebacterium sp. in the wound).

Of the 40 non-pneumonia cases, 29 (73%) were positive for influenza A virus: 25

(63%) had single influenza A virus, and 4 (10%) had both influenza A virus with another

pathogen. The copathogens detected in the latter 4 non-pneumonia cases were: influenza

A and RSV in nasopharyngeal source; influenza A and Stenotrophomonas maltophilia in

blood; influenza A and Enterococcus Group D Streptococcus in urine; influenza A and

Esherichia coli in urine.

Direct Enzyme Immune Assay (EIA) followed by a viral culture, was used to

initially screen the patients for influenza during a suspected influenza outbreak situation.
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Of 13 patients suspected of influenza in December 2003, rapid viral testing was

completed. Eight of those 13 patients followed with positive viral culture reports, and 5

of those 13 patients had negative viral culture reports. Compared to the viral culture, 37%

(3/8) of Direct EIA were false-negatives. Table 9 illustrates the performance (sensitivity

and specificity) of the Direct EIA compared to the gold standard, virus isolation. The

formulas used for sensitivity and specificity are:

Sensitivity (proportion of true positives correctly identified by the test) = a / (a+c) xlOO

Specificity (proportion of true negatives correctly identified by the test) = d / (b+d) xlOO

Where a=True Positives; b=False Positives; c=False Negatives, and d=True Negatives

(SUNY Downstate Medical Center, 2004).

The sensitivity for the rapid influenza testing using Direct EIA was 63%. The

specificity for rapid influenza testing using Direct EIA was 100% (Table 9).

Table 9. Sensitivity and specificity of influenza A Direct EIA laboratory tests performed

on 13 cases suspected of influenza in December 2003.

Direct EIA Viral Culture positive Viral Culture negative

Test positive

Test negative

Total

a=5 (true positives)

c=3 (false negatives)

a+c=8

b=0 (false positives)

d=5 (true negatives)

b+d = 5

sensitivity = 5/8 XI 00= 63%
specificity = 5/5X100=100%
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Nosocomial influenza A transmission was determined in 6 cases reported from

the complex continuing care unit of the hospital resulting in an outbreak. Onset date of

the outbreak was December 8, 2003 with a duration period of 21 days. As of January 13,

2004, 126 laboratory confirmed cases of influenza A in Niagara, including those from

this study were serotyped as A: Fujian strain (Regional Niagara Public Health

Department, 2004).

The etiological findings and the source of specimen is illustrated in the following

Table 10 of this study.
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Table 10. Etiology and source of specimen of pneumonia and non-pneumonia of 172

patients admitted to an acute care facility during influenza season October 1, 2003 to

May 30, 2004.

Etiology
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4.2 UNIVARIATE ANALYSIS

To identify the presence of significant factors or clinical signs associated with

pneumonia versus no-pneumonia, a univariate analysis was conducted on all the

independent categorical variables from the descriptive analysis. Table 1 1 lists the

categorical independent variables associated with the degrees of freedom (df), chi-square

test (x2
), odds ratio (OR), 95% Confidence Interval (CI), and significance (p-value). The

significance level was set at p < .05. The age variable was divided into 10 age groups

for a degree of freedom 9. The location preadmission variable was arranged into 4

locations: from the community, long-term care facility, another hospital, the same index

hospital. The outcome discharge variable included the above locations and an additional

code for if the patient died. The etiology variable was represented as whether the

etiologic agent was determined or not in the total sample. The etiology variable was then

subcategorized into RSV, Streptococcus pneumoniae, and influenza A microorganism.

These individual etiologic agents were then coded exclusively as 1 if detected in the total

sample versus 0: to represent all other microbes detected, the unknown and negative

results from the total sample.

A significant statistical association could not be demonstrated between the

following variables and the diagnosis of pneumonia: presenting fever >38.5°C symptom

(df = 1, x2 = .468, OR = .776, CI = .375 - 1.606, p = .494), post 48 hours temperature

>38.5°C (df = 1, x 2 = .632, OR = .636, CI = .207 - 1.954, p = .427), location

preadmission prior to pneumonia diagnosis (df = 3, x2 = 1 .629, p = .653),

precomorbidities (df = 1, x 2 = .261, OR = .788, CI = .315-1.969, p = .609),
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ventilator modality (df = 1, x2 = 1.884, CI = .697 - .827, p = .170), and ODIN score (df =

5, x2 = 3.010, p = .698). Similarly age was not found statistically associated with a

diagnosis of pneumonia at p < .05.

Males were twice as likely to be diagnosed with pneumonia versus non-

pneumonia when compared to the female gender (OR = 2.229, CI = 1.069 - 4.645,

p = .032).

Presenting cough symptom (OR = 2.382, CI = 1.156 - 4.910, p = .019) was twice

as likely associated with a pneumonia diagnosis than in those patients without evidence

of pneumonia.

Patients with pneumonia were more likely to have acquired the pneumonia in the

community versus the index hospital. An origin of a community-acquired illness was

significant (OR = 16.25, CI = 3.291 - 80.248, p = .001) compared to a nosocomial illness.

Patients from the community were sixteen times more likely to have a pneumonia

diagnosis. As stated earlier in the results, the location preadmission prior to the

pneumonia diagnosis was not statistically associated with pneumonia in the univariate

analysis whether the patient came from the community, long term care facility, another

hospital or the same hospital. But when community-acquired (private dwellings, long

term care, another hospital) pneumonia is compared to hospital-acquired, a statistical

difference was observed.

Other variables found to be statistically significant were: an etiologic agent

determined in general (OR = .078, CI = .034 - .180, p < .001), specifically influenza A

virus detection (OR = .009, CI = .002 - .034, p < .001), and radiology evidence of

pneumonia (p <. 001), were significant factors at p < .05.
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Table 1 1 . Univariate analysis of characteristics associated with pneumonia and non-

pneumonia diagnosis in 172 patients admitted to an acute care facility during influenza

season October 1, 2003 to May 30, 2004.

Independent variable
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4.3 MULTIVARIATE ANALYSIS

Binary logistic regression techniques were used to develop a statistical model to

assess the relationship between pneumonia and associated variables. The dichotomous

dependent variable chosen for the analysis was pneumonia versus non-pneumonia

disease. This model was then be used to obtain the best estimate of the probability that an

individual will have pneumonia conditional on the characteristics that are associated with

that individual. All significant relevant categorical variables (etiology, gender, cough,

origin-community acquired/nosocomial,) from the univariate analysis were entered into a

logistic regression technique with forced entry (simultaneously). The reference coding

used for the parameters was: etiology (etiology determined = 1, no growth and unknown

results = 0); gender (male = 1 , female = 0); presenting cough (cough =
1 , no cough = 0);

origin- (community-acquired = 1, nosocomial = 0).

Three variables (etiology, gender, presenting cough) were statistically significant

in the model (Table 12).

Detection of an etiologic agent was a significant factor (OR = .057,

CI= .021 - .158, p < .001) and less likely associated with pneumonia patients compared

to patients with negative and unknown test results.

Males were three times more likely than females associated with pneumonia if the

variables etiology, cough and place of origin were considered (OR = 3.027,

CI= 1. 196- 7.663, p =
.019).

Presenting cough was three times more likely associated with pneumonia rather

than non-pneumonia if the variables etiology, gender and place of origin were considered

(OR = 3.359, CI = 1 .261 - 8.944, p = .015).
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Although the community-acquired versus nosocomial origin of illness was not

statistically significant in the logistic regression analysis, those patients from the

community were twice as likely to have a pneumonia diagnosis versus no pneumonia

(OR = 2.610, CI = .354 - 19.250, p = .347).

Table 12. Binary logistic regression pneumonia model predicted from four factors:

Etiology, Gender, Presenting Cough, and Origin.

Predictor
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Influenza A detection was less likely associated with pneumonia (OR = .005,

CI = .001 - .028, p < .001) versus non-pneumonia cases when compared to all other

patients with microorganisms detected, and the negative or unknown results.

Presenting cough symptom was significant (OR = 4.403, CI = 1.228 - 15.780,

p = .023) in the likelihood associated with pneumonia when influenza A virus detection,

gender, and place of origin were considered.

Gender was no longer significant (OR = 2.476, CI = .764 - 8.025, p = .131) in

predicting the likelihood of pneumonia when the influenza A virus was a factor

considered. Influenza A virus was an independent variable detected in the sample against

all those patients with no etiologies detected or other microbes present.

Place of origin was not statistically significant in this analysis when the influenza

A virus was factored into the model.

Table 13. Binary logistic regression pneumonia model predicted from four factors:

Influenza, Gender, Presenting Cough, and Origin.

Predictor
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Despite the finding that the place of origin (community-acquired versus

nosocomial) was significant in the univariate analysis and not statistically significant in

the logistic regression analysis, the overall accuracy of this final model to predict patients

with pneumonia (with a predicted probability of 0.5 or greater) is 83.7% as seen in Table

14. The sensitivity is given by 121/132 = 91.7% and the specificity is 23/40 = 57.5%.

The positive predictive value is 121/138 = 88%. The negative predictive value is 23/34 =

68%.

Table 14. Classification table of the binary logistic model to determine the accuracy of

predicting pneumonia.

Observed
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Table 15. Summary of the amount of variation in the outcome of pneumonia explained by

the logistic regression model.

-2 Log likelihood Cox & Snell R Nagelkerke R
Square Square

127.271 .292 .440

To further explore the logistic regression model, the four variables (etiology, gender,

cough, origin) were entered into a backward stepwise regression model (Table 1 6). This

model resulted with two steps to assess significance. The second step removed the origin

of illness variable, which resulted with the gender, presenting cough, and etiology

variables remaining significant. These results were consistent with the binary logistic

regression model earlier.

Table 16. Backward stepwise binary logistic regression pneumonia model predicted from

four factors: Gender, Cough, Origin, and Etiology.
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The area under the ROC curve is another method that assesses model discrimination.

The positive actual state is processed as pneumonia. The ROC area is 0.868 for this

stepwise logistic regression as seen in Figure 18. This means that in almost 87% of all

possible patients, this model will assign a higher probability to the patient with

pneumonia. Subsequently, the following chapter discusses the results of the study in

relation to the objectives to enhance pneumonia surveillance in an acute care facility

during an influenza season.

Figure 18. Assessment of the logistic regression model for probability of pneumonia by

ROC Curve. From SPSS 1 1 .5 version.

ROC Curve
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4.4 RESPIRATORY SURVEILLANCE ELECTRONIC TOOL

As indicated earlier, the data collected on the case report forms was aggregated

and inputted into an excel spreadsheet database (Appendix E) by the researcher. There

were no previous electronic surveillance tools used to track pneumonias or respiratory

illness. Such illnesses were tracked using a manual log (Appendix F). During the course

of the present study, the researcher worked with the Director of Quality and Education of

the Niagara Health System and the Information Systems staff to develop an electronic

tool for pneumonia surveillance. Variables included are chart number, admission date,

patient's name, age, gender, length of stay days, location preadmission, postal code,

admitting unit, discharge date, discharge disposition, primary diagnosis (pneumonia,

bronchitis, sepsis, COPD, febrile convulsions). These diagnoses were specifically chosen

based on the radiology reports showing evidence of pneumonia. A computer program

was available in the hospital that created the preliminary report (Appendix G).
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CHAPTER FIVE: DISCUSSION

5.1 PREVIEW

To evaluate if the study was effective in enhancing pneumonia surveillance in an

acute care facility during an influenza season, a thorough discussion of the results relative

to the objectives and the research questions is of outmost importance.

The initial chart request to the Health Data Department was all pneumonia and

influenza diagnoses for the season. The categorization of patients for this study changed

to Pneumonia and Non-pneumonia groups when the final diagnoses were reviewed, and

the influenza virus could be detected in some of those pneumonia cases. To avoid

confusion of documented influenza-associated pneumonia; a clear distinction of both

groups in the multivariate analyses was necessary. Since viral testing was not performed

on all of the patients, this information does not necessarily mean that influenza was not

absent, or that another microbial agent could not be detected. These are confounding

factors that cannot be avoided in research, especially in a retrospective study.

Similarly, data statistics are often recorded as prevalence and incidence rates in a

given population. Definitions of rates and proportions are not always followed, nor are

the prevalence and incidence always recognized (APIC, 2000). In previous literature,

these rates are not directly comparable, and have sometimes been used interchangeably or

lumped together as infection rates (APIC, 2000). Data collected in retrospective studies

are not always expressed as incidence or prevalence rates. In this study, the prevalence

and incidence rate for that period of time was not calculated due to limitations. However,

frequency distributions and proportions in the descriptive statistics were accurately

reported. The relevant significant variables in the univariate analysis were then tested
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into logistic regression techniques to assess prediction of pneumonia diagnoses and as a

result, successful model discrimination. Favorably, the results of this study were helpful

in addressing the research questions related to the specific objectives to enhance

pneumonia surveillance in a hospital setting.

On the other hand, cohort retrospective studies usually involve a case-control

design when comparing risk factors to previous literature. The results of this study are

presented as: the actual number of cases collected in a specific period of time, in the

format of raw data collection. It should be kept in mind that during this discussion it is

this raw data collection that is compared to previous literature, which may predispose to

erroneous results and diagnostic bias, if the reader assumes the factors discussed are risk

factors rather than associated factors.

It is also important to note that studies exist using other study designs, which may

not include control cases for their descriptive and multivariate analyses. For example,

researchers used prospective analyses for a total of 204 patients to assess factors

associated with unknown etiology in patients with CAP (Ewig et al., 2002). Other

investigators such as El-Solh et al. (2002) use prospective designs to assess the

microbiology of 95 patients. Therefore, the discussion of these results is open to

interpretation when comparing to other studies.

The following section discusses the specific objectives in this study to enhance

pneumonia surveillance in the acute care setting and the research questions addressing

them.
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5.1.1 Specific Objective 1 : Identify the etiologies, factors and clinical presentation

associated with pneumonia.

Enhancing pneumonia surveillance was possible with the data collection of

etiologies, the identification of factors and clinical presentation associated with

pneumonia and influenza diagnoses in this study. One of the research questions was to

explore the etiologic origin of pneumonia including influenza virus, because evidence

shows that although pneumonia is one of the most common complications of influenza

infection its clinical characteristics are not well-known (Mirete-Ferrer et al., 2002).

Research Question 1 : What are the microorganisms associated with pneumonia

and influenza diagnoses?

According to previous studies, secondary bacterial pneumonia is observed during

influenza, occurs more frequently in the elderly and in patients with chronic pulmonary

diseases where Staphylococcus aureus, Streptococcus pneumoniae and Haemophilus

influenzae are the most frequently isolated bacteria (Zeller & Bricaire, 2003). Other

studies report that the most frequent pathogens in CAP were Streptococcus pneumoniae,

Haemophilus influenzae, influenza virus A and B, Legionella spp., and Chlamydia

pneumonia (Ruiz et al., 1998; Tablan et al., 2004). More recent data even provides

evidence of etiologies in the ambulatory care setting, Emergency Departments and

reported Mycoplasma pneumoniae as common (Marrie, Poulin-Costello, Beecroft, &

Herman-Zgnjidic, 2005).

In this present study, although some microbiological determination was not done

or not available for all patients, a fair humber of patients (72%) were tested (32% positive

laboratory reports; 40% negative reports). In the pneumonia patients, a single bacteria
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agent was slightly more frequent (9%, 12/132) than a single viral agent (6%, 8/132) as

discussed below.

Streptococcus pneumoniae was the most common reported single bacterial

organism in 3% (4/132) of the pneumonia patients in this study. This finding may be

comparable to previous studies in which S. pneumoniae was the most common cause of

bacterial pneumonia (Canadian Lung Association, 2004; Butler & Schuchat, 1999).

Additionally, there was no evidence of penicillin-resistant patterns S. pneumoniae in the

pneumonia isolates reported in this study. This result suggests that even with the growing

problem of antibiotic resistance elsewhere, penicillin may still be effective for S.

pneumoniae in the hospitalized patient in the Niagara area.

Although it was previously discussed that Staphylococcus aureus is a common

pathogen, this bacterium was not frequently reported in this study. However, this

bacterium was also isolated with multiple pathogens Pseudomonas aeruginosa and

Aspergillus fumigatus in one pneumonia patient (1/132) without influenza. This finding

is interesting as the microbial combination reflects the severity of this pneumonia patient.

Multiple detection of microbes do assist clinicians in antibiotic regimen and treatment

course. It is important to note that none of the pneumonias in this study isolated

Methicillin-resistant type S. aureus (MRSA). There is a trend where MRSA is growing in

the community setting and a cause of pneumonia (File, 2005). It is essential to recognize

the potential consequences of community-acquired pneumonia include necrotizing

pneumonia, shock, respiratory failure, abscess and empyema (File, 2005). Although File

(2005) reported that most published literature to date has been in children, many

clinicians have observed the emergence in adults over the specific winter season of 2003-
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2004. This is a very interesting finding in Ohio, USA and future studies are worth

considering in this area of antibiotic resistant organisms associated with pneumonia.

In a previous design that found Mycoplasma pneumoniae accounting for as much

as 5% of all CAP's requiring hospitalization (Marrie, 1993), this small bacterium was

isolated in only 0.8% (1/132) pneumonia patients in this study.

Chlamydia pneumoniae, Legionella spp, Group A Streptococcus were not isolated

in the CAP cases in this study. No patients were tested for Chlamydia pneumoniae in this

study; therefore it is difficult to assess the importance of this pathogen from the results of

this present study. More trials or available laboratory testing is recommended for future

studies reflecting the frequency of Chlamydia pneumoniae. Laboratory testing for

Legionella spp was available and a few patients were actually tested for this bacterium

from their urine samples. This finding suggests the physician alertness occurs in clinical

assessments of pneumonia patients. Previous reports of Group A Streptococcus as an

uncommon cause of CAP (Muller et al., 2003) were also similar in this study, since no

bacteria were isolated.

Viruses are important and often unacknowledged as a cause of nosocomial

pneumonia (APIC, 2000). In this study, RSV alone was the most common viral agent

isolated in pneumonia (3.8%, 5/132). RSV and influenza A virus were also found as

copathogens isolated in one non-pneumonia child with a respiratory precormobidity (data

not shown). This represents 2.5% (1/40) of the non-pneumonia group. Other studies

reported persons with chronic lung disease, influenza virus and RSV accounted for 15%

to 33% of acute respiratory hospitalizations in children (Griffin et al., 2002). The RSV-

associated pneumonia patients in this study were all community-acquired origin, mostly
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males less than 2 years of age (data not shown). This finding suggests that young

children under the age of two may be considered for RSV testing during their

hospitalization. In the Niagara facility clinicians routinely test children especially those

admitted with the diagnosis of bronchiolitis for RSV, as a rapid laboratory test is

available.

On the other side of the age spectrum is the elderly population; RSV is a common

etiological source of nursing home outbreaks (Ellis, Coffey, Mitchel, Dittus, & Griffin,

2003). Findings from this study showed no evidence of RSV in the adult or elderly

population, and no statistical significant differences when RSV was associated with other

factors (gender, cough, and origin of illness) in the likelihood of pneumonia diagnosis.

Future studies may be considered for frequency, prevalence and incidence of RSV in

hospital chronic wards.

A very interesting finding in the present study is that the number of cases of

influenza-associated pneumonia was not as common as reported in the literature (Tablan

et al., 2004). Only 2.3% (3/132) of patients diagnosed with pneumonia were positive for

influenza virus. It has been reported that influenza-associated pneumonia can occur in

anyone, but most commonly in children less than 24 months of age, the elderly, in

persons with immunosuppression, or underlying chronic heart or lung disease (Tablan et

al., 2004). Since many patients in the present study were in some of these risks groups, it

would not have been unusual to see more cases of pneumonia in patients with a primary

diagnosis of influenza.

An interesting insight to these findings is that experts have suggested that

influenza illness (especially during a peak season) could mask the diagnosis of SARS,
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should this syndrome ever return and that all efforts should be made to differentiate the

two. But what was observed in the present study is that the majority of cases of influenza

did not present with associated pneumonia, and would have not complicated SARS

surveillance.

Moreover, it is important to note in this study that about 73% of patients admitted

with an influenza diagnosis, were confirmed later on, which suggest a highly accurate

physician's assessment in this acute care facility. The proportion of influenza detection

was also reflected in the univariate and multivariate analyses where the etiology of

influenza was more likely associated with the non-pneumonia patients.

In this study, almost 49% (64/132) of the pneumonia patients' had microbiology

testing completed that resulted as negative, with no microorganism growth considered

pathogenic. These results provide further evidence that suspect pneumonia patients may

have higher reports of negative results. Confounding factors to sway results could include

early antibiotic administration prior to sampling, or the validity of laboratory testing. One

important confounding pattern to consider are factors prior to hospital admission, such as

the patient antibiotic treatment at clinics, doctor's offices, which could interfere with the

accuracy of laboratory results.

Some 33% of pneumonia patients had unknown results. Confounding factors

associated with these results could include either the sample was not accurately processed

or collected; or not ordered by the physician.

On the other hand, the laboratory often draws a blood culture when a patient has

fever symptoms prior to antibiotic administration. This is a very common hospital
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practice. The results from this study showed etiologies present from blood cultures as

indicating valid testing from blood specimens.

Fewer positive etiology results could be determined (19%, 25/132) in the

pneumonia patients, versus the 75% (30/40) found non-pneumonia patients. These

findings were reflected in the univariate and multivariate analyses, where pneumonia

patients are less likely to have an etiological agent detected. Again due to the early

antibiotic administration commonly prescribed by physicians for community-acquired

bacterial pneumonia, it is not uncommon to see few positive laboratory results. Some

researchers used procedures such as invasive bronchial sampling when studying

etiologies (El-Solh et al., 2001). However, results of this study provided a baseline

etiology determination of pneumonia patients.

Since an etiological agent was often determined in the non-pneumonia patients,

these results suggest viral influenza detection is highly possible with rapid laboratory

testing. The influenza A virus alone was the most common virus detected in 63% (25/40)

in non-pneumonia patients. These findings were not similar with the previous study that

found influenza A virus caused more than one-third of all viral CAP cases (Laundy et al.,

2003). In addition, 10% (4/40) of the non-pneumonia group had influenza A virus and

were coinfected with either RSV, Stenotrophomonas maltophilia, or some common

urinary tract bacteria. These results support a Canadian study which influenza A and RSV

are common copathogens (Marrie et al, 2003).

S. maltophilia is an important nosocomial type of pathogen (Lai et al, 2004). It is

commonly known as a Pseudomonas type of resistant bacteria, where this study found

copathogenic with the influenza A virus. Further investigation is needed to study the
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relationship between this bacteria and community-acquired viral pneumonia. However,

the findings did reveal one severe pneumonia patient with multiple pathogens including

both Pseudomonas aeruginosa and a fungus. These organisms have been found in non-

responding pneumonia caused by resistant organisms and require further study related to

VAP (Menendez, 2004).

Fungal pneumonia infections with etiological evidence of Candida albicans were

found in 3 patients in this study. It is important to recognize these results, as there are

reports indicating community-acquired pulmonary fungal infections are becoming a

serious problem (Chen, Ko, Hsueh, Luh, & Yang, 2001). On the contrast, these

microorganisms are commonly cultured from respiratory secretions, and other reports

indicated pneumonia due to Candida spp. is rare (Barenfanger et al., 2003). In addition,

Barenfanger and colleagues (2003) recommended pneumonia should be diagnosed by

tissue biopsy to prevent misinterpretation and unnecessary administration of antifungal

therapy. Further investigation into the 3 patients in this study revealed sources of the

sputum results: tracheal secretions (1), sputum (1), and invasive bronchial wash (1).

Therefore, the findings in this study may confirm pneumonia due to C. albicans was

present in at least one invasive result.

The influenza A strains are important in surveillance especially if associated with

pneumonia diagnoses. The 2003 to 2004 influenza vaccination recommendations were to

include the Panama strain (WHO, 2003), yet as the influenza season progressed in

December 2003, it become known that the Fujian strain was circulating and that the

Panama strain could offer cross-protection (WHO, 2003). The influenza A strain in this

study was reported as Fujian (Regional Niagara Public Health Department, 2003). As
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early as February 2003, the Fujian strain of influenza was already circulating in the

world. Children younger than 2 years of age were greatly affected in the influenza season

2003-2004, and international recommendations strongly advocated for the immunization

of children the following year. In the present study there were 6 cases that were 2 years

old or less (data not shown), and were carefully monitored due to the Fujian strain

circulation in Niagara.

Although human influenza H1N1, H3N2 and B strains continue to circulate in the

world, the world-wide problem is the possibility of an antigenic drift from the current

avian influenza H5N1 which could reassort with those existing human strains to strike a

novel strain of human influenza. But a valuable illustration as seen in Figure 19, which

describes the time interval between identified past novel human influenza strains that

reached pandemic rates. Following the mathematical pattern, one could theoretically

predict the next pandemic influenza in 2016 (59 years after the 1957 Asia pandemic of

H2N2 strain). Although this is an interesting prediction, not from an expert point of view,

the influenza strain reported for this study provided a baseline comparison for future

influenza strain monitoring.
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Figure 19. Influenza pandemics and associated strains from 1889 to 1977. From Cann,

2004b.
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No SARS-associated pneumonia cases were found during this study. The FR1

screening tool that is designed to monitor SARS and Avian influenza, was helpful to

provide a pneumonia case. This patient had a travel history to a previous SARS zone in

East Asia, which alerted staff to the possibility of a new SARS case, since at that time (in

December) there were at least 3 reports of SARS reemerging in China. The FRI screening

tool directed from the Ontario government was an important method to help identify

travel history of all patients entering the hospital for admission. Previous travel histories

of hospitalized patients, prior to the SARS outbreaks, were often not recorded. The FRI

screening tool was helpful for epidemiological collection of countries where patients

visited especially in the past 30 days prior to admission. The FRI screening tool continues

to date in the hospital environment until further direction from the Provincial

Committees.

In summary, the findings presented here provided baseline data about the existing

etiologies of pneumonia in this group of patients and provided a glance of what is

circulating in the Niagara region. Data like this is necessary to monitor changes in

patterns of both transmission and geographical distribution of pathogens. Future studies

are necessary reflecting etiologies and the population at risk for incidence and prevalence

rates such as a case-control design.

Research Question 2: Whatfactors are associated with pneumonia diagnoses?

It has been reported that several factors increase the risk for developing

pneumonia or influenza. For instance, Tablan et al (2004) described young children, 2

years of age or less increased the risk of developing influenza.
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The univariate analysis did not demonstrate age as a statistically significant in

increasing the likelihood of a diagnosis of pneumonia. More studies are needed to assess

age and pneumonia as it is commonly understood that increased age predisposes to

disease. Crighton et al. (2004) investigated hospitalizations in Ontario from 1988 to 2002

and reported gender differences were more pronounced in the elderly more than 80 years

of age. In this study, gender differences were more pronounced in female children less

than 10 years of age, and elderly males 71-80 years of age. Equal distribution among

males and females were found in the age group category 81-90 years of age. The

majority of pneumonia and influenza cases in the young and elderly age groups in this

study were similar to previous literature (Health Canada 2003b; Tablan et al., 2004).

The precomorbidities commonly reported in the group of patients under this

investigation were respiratory and cardiac underlying conditions, which are similar with

previous studies that report underlying chronic conditions, as being associated with

pneumonia (Tablan et al, 2004; Griffin et al., 2002). However in this study,

precomorbidities was not a significant factor in the univariate analysis for predicting

pneumonia. These findings show evidence of contradictory results, as seen with previous

studies, related to risk factors associated with pneumonia (Rothan-Tondeur et al., 2003).

For example, the main risk factor in a previous study was a history of pneumonia found

in patients from a geriatric hospital (Rothan-Tondeur et al., 2003). In this study, about

79% (104/132) patients had precomorbidities associated with their pneumonia which is

theoretically consistent with the risk factors predisposing patients to pneumonia such as

central nervous dysfunction, diabetes, chronic obstructive lung disease, respiratory

failure, alcoholism (Schwartz, 2004).
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Most patients with pneumonia diagnosis (93%, 123/132) had radiological evidence

compatible with pneumonia, compared to 8 patients (6%) with negative reports in the

same group. This was an essential finding because chest radiography is an important and

classic diagnostic measure used by clinicians when diagnosing pneumonia. Due to

obvious reasons, radiologic evidence was a significant for pneumonia in the univariate

analysis of this study, and it is reasonable to state that radiography results confirm

pneumonia. But even though there were a small percentage of the pneumonia patients

with normal chest radiographs in this study, this does not mean treatment is not warranted

for pneumonia. Recent research has been undertaken on patients admitted with

pneumonia with normal chest radiograph results (Basi, Marrie, Huang, & Majumdar,

2004). One third of the patients admitted to hospital and suspected of having pneumonia

did not actually have pneumonia, but still had serious lower respiratory tract infections

with bacteremia (Basi et al., 2004). Therefore, important recommendations from the

researchers were that the absence of radiographic findings should not take precedence

over clinical judgment and treatment (Basi et al., 2004).

Routine hematology and chemistry bloodwork, including leukocytes and their

differential (lymphocytes, neutrophils) were documented on all patients in this study, if

available. The expected results were associated with the patients" diagnoses and

precormobidities (data not shown). Therefore, abnormal lymphopenia, which was earlier,

reported, as a diagnostic finding found in SARS, was not a useful measurement in this

study as no SARS cases were identified to make any comparisons. The importance of

collecting abnormal bloodwork may be self-limiting in diagnoses as reported in recent

data from Muller et al. (2005). Routine bloodwork, including absolute lymphocyte count,
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should not be incorporated into the case definitions for SARS (Muller et al., 2005).

However, the role of absolute neutrophil count is still limited and requires further

investigation to confirm the importance (Muller et al., 2005).

Even though the findings in this study described an equal distribution between

male and female in the total sample, these results suggested a parsimonious model when

considering other factors associated with pneumonia. Gender, particularly being male,

was an important finding in pneumonia surveillance in the univariate and multivariate

analyses. There were more males compared to females in the sample especially in the

pneumonia group (72/132). These results are similar to the Crighton et al. (2004)

investigating hospitalizations in Ontario from 1988 to 2002, reporting that more males

than females were hospitalized for pneumonia and influenza. Of important note in this

study, is that more females (26/40) than males (14/40) had influenza in the non-

pneumonia group. These findings suggest that possibly more females seek medical

treatment when feeling ill, and support literature that further investigation is needed in

gender (Kaplan et al., 2002).

CAP and influenza are common causes of hospitalization (Loeb, 2003). In the

Niagara Hospital where the present study was conducted, approximately 50,000 persons

were seen annually, but no published reports have been produced documenting the

frequency of CAP or nosocomial infections. Therefore, even with the relatively small

number of patients included in this study, the findings presented here provide baseline

information for future studies.

Of all the patients whose charts were included in this study, 94% (164/172)

presented with a community acquired illness and only 6% (10/172) were considered
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nosocomial. Of the patients with clinical presentation of influenza (n=40), only 3 had

evidence of pneumonia. This data suggest that although influenza illness was severe

enough to require hospitalization, it was not a common cause of CAP either directly

caused by the influenza virus or by a superimposed bacterial infection.

Another interesting finding of this study is that the use of a ventilator did not

increase the risk of developing pneumonia as this study had ventilated patients already

with CAP. According to Myrianthefs et al. (2004), nosocomial pneumonia occurs more

commonly is ventilated patients. These findings suggested nosocomial pneumonia was

not really highly observed during that influenza season time (2%, 2/132).

The ICU setting has been reported as a risk factor for VAP (Tablan et al., 2004).

Of the 13 patients requiring ICU admission only 2 pneumonia patients had evidence of

etiologic agents (Candida albicans and Streptococcus pneumoniae) whereas the

remaining patients had negative results. These two patients with etiological agents were

of community-acquired pneumonia origin and placed on ventilatory-support within 24

hours of admission. Even though S. pneumoniae is considered a community-acquired

pathogen associated with early onset of VAP (Schwartz, 2004; Tablan et al., 2004), none

of the nosocomial patients present in this study had VAP. This patient with

pneumococcal pneumonia had preexisting precormobidities such congestive heart failure,

diabetes, renal disease, chronic obstructive lung disease, and cardiac problems. The

patient with C. albicans had neurological deficits. The findings in this study for CAP

patients, requiring mechanical ventilation, is different in etiologies identified when

compared to a more recent investigation (Hu, Huang, Tsai, Lee, & Hseih, 2005) where

the bacterial pathogens were identified as gram-negative organisms commonly found in
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nosocomial VAP. More studies are needed in the ICU settings to compare these

pathogenic organisms between patients with VAP, and patients with CAP requiring

mechanical ventilation.

At the time of this study, a respiratory outbreak on the complex continuing care

unit (requiring chronic care) in the Niagara Hospital which involved 6 patients was due to

influenza A virus from their hospital laboratory reports. This confirms previous reports

that outbreaks do occur in long term care facilities (Ellis et al., 2003; Loeb et al., 2000)

and those acute care facilities such as the one where this study was undertaken require

monitoring for respiratory outbreaks in their complex continuing care units during the

influenza season. Although complex continuing care units are not considered long term

care in the Public Health domain, the patients are housed in these units like their own

private home and are subject to nosocomial infections.

Thirty-seven outbreaks were reported in Niagara Region (2 from acute care, 34

from long term care facilities, 1 from day-care). Two outbreaks started in October,

following 33 in December and 2 in January. Causative organisms were influenza A virus

(21), rhinovirus (1), parainfluenza type 3 (5), and 12 outbreaks reported with unknown

organisms (Regional Niagara Public Health Department, 2004). Surprisingly, whereas

this study showed evidence of RSV circulating in children, there was no community

evidence of RSV outbreaks in the Niagara long-term care facilities for that period of

time. The findings of nosocomial influenza A transmission in the Niagara Hospital was

communicated to the Public Health Department which indicates that effective

communication exists between the Niagara acute care facilities and Public Health.
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However, further research in outbreaks is required in acute care facilities with complex

continuing care units as most research reflects long-term care facilities.

The detection of an etiologic agent was less likely associated with predicting

pneumonia versus non-pneumonia in the multivariate analysis when compared to all

other patients that did not have a microorganism detected, and compared to other relative

factors such as gender, presenting cough and place of origin. This finding was especially

significant with the influenza A virus, as seen in the logistic regression analysis.

Influenza A virus was less likely associated with predicting pneumonia versus non-

pneumonia patients when compared to all patients with other microbial agents, and all

other patients without a microorganism detected. These findings lack significance with

the new and the previous studies (Mohan, Nair, & Cuhn, 2005; Ruiz et al., 1998) that

influenza A was a frequent organism with CAP.

Since the time of the literature review on pneumonia, influenza and SARS, more

publications related to community-acquired pneumonia, hospital-acquired pneumonia and

particularly influenza-associated pneumonia is growing in the scientific community. The

most recent report from the US CDC in their Morbidity and Mortality Weekly Report in

June 2005, have reported the number of annual hospitalizations for influenza and

influenza-associated pneumonia in the United States is estimated at 95,000 (CDC, 2005),

and there is a high need for surveillance for rapid detection of influenza.

In order for researchers to collect meaningful data, clinicians need to be aware of

other potential risk factors associated with pneumonia and influenza. More research is

needed on risk factors such as smoking, vaccination status, socioeconomic background,

air pollution, crowding, and nutrition related to pneumonia and influenza hospitalization.
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Since 2004, more studies investigating some of these issues are being addressed (Loeb,

2004; Shariatzadeh, Huang, Tsai, Lee, & Hsieh, 2005). One interesting and very recent

study found socioeconomic status was not associated with the mortality in the older

persons from community-acquired pneumonia in Ontario, Canada (Vrbova, Mamdani,

Moineddin, Jaakimainen, & Ushur, 2005). Future research with clear documentation by

clinicians of the above factors, or a prospective study exploring these predictors would be

useful.

According to Loeb (2005), influenza and pneumococcal vaccination are the most

important strategies for prevention of CAP in older adults. Charting of vaccination status

of patients during this study was difficult to obtain from chart records. Awareness of

immunization status is a confounding factor that could be associated with etiology

detection. Documentation strategies are needed to capture these important factors on

patient admission screens in health data or if ordered by the physician in hospital.

Research Question 3: What are the clinical presentations associated with pneumonia

and influenza diagnoses?

It is important to investigate the clinical presentation of possible pneumonia and

influenza, as fever is not always a key finding in the elderly (Health Canada, 2003b).

Traditionally, symptoms of fever and cough are early warning signs for clinicians to

order chest radiology in hospitals. Especially post the SARS outbreaks, alertness from

hospitals continued for SARS reemergence, and simultaneously looking out for threats of

avian influenza and influenza pandemics. Monitoring presenting fever and cough was

recommended from the Ontario Ministry of Health and Long Term Care directives (2004)

and the continued implementation of SARS/Avian influenza screening tools were useful
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to rule out these diseases. Specifically for FRI surveillance screening, a temperature

greater than 38°C continues to date to be a criterion question in the Ontario screener to

support the SARS or Avian influenza risk.

In this study, fever at presentation or within 48 hours of admission date was not

found to be a significantly associated with pneumonia versus influenza, which is unusual

compared to literature definitions of pneumonia or influenza (Health Canada, 2004b).

Findings showed 51 % (67/132) patients with pneumonia had a presenting temperature

< 38°C, and 60% (24/40) patients without pneumonia (who were mostly influenza) also

had no fever present. This finding may be very important to clinicians who adhere strictly

to the FRI screening tools to screen for pneumonia and influenza, since as shown fever is

not always present.

Of course confounding factors affect temperature readings, such as antipyretic

administration at home or in the Emergency Departments, which is common and affect

the presenting temperature readings. Also, thermometer accuracy could affect presenting

temperature readings. Although this study demonstrated fever was not statistically

associated with pneumonia, it is more common to find fever in the young age groups. In

this study, the findings in the younger age group (<10 years) presented to Emergency

Department with febrile convulsions, were later shown to have laboratory-confirmed

influenza A virus. Therefore, a presenting fever symptom may likely be useful when

assessing for influenza.

Presenting cough and shortness of breath (SOB) were cited in the literature as

predominant symptoms for pneumonia (Canadian Lung Association, 2004). Cough and

SOB are present in the current FRI screening tools when clinicians investigate for avian
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influenza and SARS. The findings showed cough was present in 61% (81/132) of the

pneumonia patients and in 40% (16/40) of the non-pneumonia patients. SOB was present

in 49% (64/132) of the pneumonia patients and 23% (9/40) of the non-pneumonia

patients. These results are important findings when clinically assessing patients with

suspect pneumonia or influenza.

An unusual symptom was vomiting which was found in 19% (25/132) patients

with pneumonia. Could vomiting be overlooked as a mechanism of transmission? The

possibility of mode of transmission from gastrointestinal contents of pneumonia patients

requires further investigation. Vomiting in this study was more common in influenza

patients as expected from literature (Health Canada, 2004b), and was almost evenly

distributed in the pneumonia and the non-pneumonia group.

As indicated earlier, there were not any SARS-associated pneumonia patients

reported in this study. Therefore, it was not possible to compare the clinical features with

those patients. With the exception of the fever symptom, the findings that were reported

for both pneumonia and influenza in this study were similar to the SARS signs and

symptoms when reviewing the literature of Toronto and Singapore studies. Furthermore,

this information confirms it is difficult to distinguish between the characteristics of

SARS, influenza, and pneumonia.

Another method of enhancing pneumonia surveillance in acute care facilities could

be predicting mortality due to pneumonia, so clinicians could be alerted of a high

probability of death in a critically ill patient. As a result, a second specific objective of

this study was to assess the mortality risk of pneumonia and critically ill patients in the

ICU setting using ODIN scores.
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5.1 .2 Specific Objective 2: Assess the ODIN score on ICU patients to predict

outcomes of severe pneumonia.

Research Question 4: Can the ODIN score predict pneumonia mortality in an ICU

setting?

The classification system of the ODIN score was variable in determining the

outcomes of the pneumonia cases in ICU. Of the 13 patients admitted to the ICU with

pneumonia, 5 (38%) died. Hepatic dysfunction scores were not calculated in the cases, as

their values were not available in the charts or not ordered by the physicians. Fagon et al.

(1993) reported in their study results that both hepatic and hematological dysfunctions

were uncommon. However, hematological dysfunction was observed in this study for

each patient in the ICU. The infection dysfunction ranked third overall in the research by

Fagon et al. (1993) yet this dysfunction ranked last in this study. This least important

rank of hematological dysfunction in this study could be potentially attributed to the ICU

group of patients, and availability of results in the charts. The respiratory and

cardiovascular dysfunctions in this project were comparable to the study of Fagon et al.

(1993) and were the highest observed as well. The respiratory and cardiovascular

dysfunctions characteristics were present in all 5 deceased pneumonia patients in this

study. Therefore, cardiac and respiratory abnormalities should be considered a mortality

risk for critically ill pneumonia patients.

Six percent (3/5) of the deceased pneumonia patients had neurological, renal,

hematological disorders, while only 2% (1/5) had an infection. The characteristics of the
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pneumonia patients provided a measurement of severity of their pneumonia when each

patient had more than one dysfunction noted.

As indicated earlier, the ODIN scores as indicated earlier for predicting mortality

are a set of predetermined values (Fagon et al., 1993). As seen in Appendix C, the

mortality risks for an ODIN score of 3, 4, and 5, are 32.3%, 64.9%, and 75.9 %

respectively. Even though the scores in this study could be considered low for some

patients when predicting the outcome of severe pneumonia in critically ill patients, the

ODIN score was associated with mortality of these pneumonia patients. Further

investigations are needed in the ICU settings to predict the mortality risk of severe

pneumonia in light of unknown emerging respiratory diseases.

Although surveillance recommendations were put forth to monitor unusual deaths

due to respiratory illness and pneumonia mortality (Health Canada, 2004c), no clear

recommendations have been made as to how establish a monitoring system, or what

information collecting tools yield the best results in predicting mortality. Even with the

small number of patients admitted to the ICU in this study (n=13) and the few number of

patients that expired (n=5), the usefulness of the ODIN score was significant.

A more recent investigation with a sample of 23 patients used an adapted form of

ODIN score on each patient in the ICU setting, that is within 24 hours of admission to the

ICU; at the onset of mechanical ventilation; and when the ventilator was discontinued

(Stern et al., 2001). The research was limited to pulmonary fibrosis patients, and

confounding factors of respiratory problems existed. The research by Stern and

colleagues (2001) were similar to this study as cardiovascular and respiratory

dysfunctions were the most commonly reported within 24 hours of admission to the ICU
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setting. Similar with this study, the research found infection from the ODIN score in 2

patients, a low percentage of the sample (Stern et al., 2001). However, the study of

infection within 24 hours of an ICU setting would help clinicians rule out nosocomial

transmission of infection early in the ICU. Cardiovascular and renal dysfunctions were

most commonly reported after mechanical ventilation with nosocomial pneumonia

developing in 4 patients (Stern et al., 2001). Moreover, the investigators found no

significant differences between the numbers of organ dysfunctions with patients who died

within 48 hours or those who died after 2 days, and found no relationship between the

number of organ failures and the duration of mechanical ventilation (Stern et al., 2001).

This information may question the efficacy of obtaining frequent ODIN scores, yet an

important observation is that nosocomial pneumonia was diagnosed once the mechanical

ventilation was instituted. Perhaps further investigations are required with the adaptation

of the ODIN score in the ICU once mechanical ventilation is implemented. More recent

studies (Marrie, 2005) have shown the pneumonia severity score continues to be a useful

prediction tool for mortality, so a larger study is warranted in the Niagara Hospital to

elucidate this issue.

In keeping with the goals of strengthening the understanding of pneumonia

mortality and improving data collection of etiologies, risk factors, and clinical features of

pneumonia, a third specific objective was proposed for this study. The next objective to

enhance pneumonia surveillance was to monitor frequencies of pneumonia and influenza

in an acute care setting.
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5.1 .3 Specific Objective 3: Identify the frequency of pneumonia and influenza

in a hospital setting.

Research Question 5 : How many patients were diagnosed with pneumonia and

influenza?

Of the 172 patients under this investigation, 132 (78%) were diagnosed with

pneumonia, and 32 (19%) had influenza A virus detected. Again this is data collected

based on exact number of cases available in the specific time period. Denominators

should ideally reflect population at risk as much as possible (AP1C, 2000) especially

when providing incidence and prevalence rates. However, proportions and percentages

between the pneumonia and influenza groups were obtainable for this study.

The Niagara hospital's influenza activity was found to occur mostly during the

period of December 8 to December 29, 2003. When comparing the positive influenza

tests from the Niagara hospital to the Flu Watch weekly surveillance, these findings were

comparable to the widespread influenza activities across Canada and Ontario (Health

Canada, 2003b).

As per the Flu Watch reports, from October 1, 2003 influenza activities were

reported as starting in the provinces of Alberta and Saskatchewan, with sporadic activity

in Central East Region of Ontario. By the first of November 2003, influenza continued to

spread to British Columbia and Northwest Territories. By November 8, 2003, influenza

reached the Central West Region of Ontario (Hamilton, Niagara, Waterloo). The

influenza activity reached Halifax, the Yukon and Manitoba provinces by November 15,

2003. Quebec noted activity by November 22, 2003 and continued throughout February

2003. Widespread activity occurred by the end of the November 2003 in the Central West
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Region of Ontario (Niagara) spreading to the rest of Ontario by December 6, 2003.

Widespread activity continued in Niagara until January 10, 2003, and then tapered off by

May 1, 2003. Only localized influenza activity was reported from British Columbia and

Alberta in the month of May 2003. Therefore, the Flu Watch surveillance network was

very effective with providing early warning signs to hospitals and Public Health

authorities.

Although Flu Watch reported international surveillance as well, the reemergence

of SARS was also reported during mid-December 2003. There were no other comparable

hospital benchmarks for frequency of pneumonia in Canada to the pneumonia rates

reported in this study.

Research question 6: What is the role ofinfluenza virus related to pneumonia diagnoses?

Of the 132 cases pneumonia cases, only 3 (2%) had a concurrent laboratory result

of influenza A detected. These findings may be low compared to the study of Laundy et

al. (2003) that reported more than 30% of all viral community-acquired pneumonia was

due to influenza A. It has been reported that pneumonia is a common complication of

influenza and typical in children less than 24 months of age, the elderly, and underlying

chronic heart, respiratory or immunocompromised conditions (Mirete-Ferrer et al. 2002;

Tablan, 2004). However, the results from this study did not find children with both

pneumonia and influenza.

Characteristics of these 3 influenza-associated pneumonia cases are as follows: 2

were males and 1 was female; all older than 50 years of age with underlying conditions of

lung, heart and immunosuppresion. They were all negative in the FRI screening, and all

patients were considered community-acquired (1 nursing home). Two patients were
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febrile with temperatures greater than 38°C within 48 hours of admission to hospital.

Other presenting symptoms included sore throat, nausea, and dehydration. These findings

help to fill in the research gaps related to lack of knowledge of clinical and demographic

characteristics of patients that present with both pneumonia and influenza (Mirette-Ferrer

et al., 2002).

A fourth specific objective of this study was to contribute in the achievement of

an enhanced pneumonia and influenza surveillance system in an acute care setting by

developing a prototype electronic surveillance tool that would result in a more efficient

data collection method.

5.1.4 Specific Objective 4: Develop a hospital pneumonia electronic surveillance

tool.

Although very time consuming, the case report forms created by the researcher

facilitated the process to achieve this objective. As explained earlier in the Results

section, initially all information contained in the medical charts were extracted manually.

Then an electronic spreadsheet was created to organize the data, and finally, a prototype

electronic tool was created and submitted to the Information Systems Department. The

last version of this prototype can be found in (Appendix G). Daily prospective data on

patients admitted with pneumonia (and other diagnoses from the results of this study with

evidence of pneumonia and influenza) are automatically computed into a program on

admission screens. The details automatically reported include patient demographics,

hospital location, diagnosis, a radiology report completed, and discharge location. The

classification of community-acquired versus nosocomial can be then be determined based
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on admission date. The microbiology, pharmacy, and radiology report results need to be

accessed in a separate computer module until the Information Systems Department can

interface those results. Trends of increased pneumonia patients daily, weekly, and

monthly can be monitored regularly. Any unusual increase in pneumonia patients will

alert clinicians of unusual emerging respiratory illness infection rates per nursing unit.

Although still in the preliminary phases, pneumonia surveillance is enhanced and

respiratory outbreaks could be identified earlier yearly. This will be potentially beneficial

during upcoming influenza seasons and monitor pneumonia deaths.

The creation of an electronic surveillance tool was an effective means of

aggregating pneumonia data from patients in hospitals and provides accurate statistics to

public health authorities when requested. Other than rapid assessment capabilities,

benefits of an electronic tool include: available demographic information, etiology

agents, radiology reports to confirm pneumonia, classification of CAP, VAP, and

nosocomial pneumonia, frequency of pneumonia and influenza, antimicrobial orders,

location preadmission and discharge information. The information enhances pneumonia

surveillance in an acute care facility. The pneumonia report will be piloted in the Niagara

Health System for the upcoming influenza season.
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5.2 LIMITATIONS OF THE STUDY

All studies recognize their limitations during their data collection methods and

analysis of results. The following is a brief discussion of the limitations recognized by the

researcher.

5.2.1 Study design

A retrospective study consisting of health charts review is very common in

epidemiology, especially when there have been no previous studies done in a specific

region. Although the information extracted from the charts followed a standardized

protocol and is considered faithful to the original, the researcher had no control over the

quality or completeness of the information contained in the charts.

Diagnostic bias may be present in this study since the inclusion criteria and

outcomes depended on the diagnoses of pneumonia and influenza for the selection group.

Perhaps some patients could have had undiagnosed pneumonia or undiagnosed influenza.

This is unavoidable in any retrospective study. However, the greatest value of

retrospective chart reviews is that they provide preliminary evidence for hypothesis

development, as they typically involve weaker empirical evidence compared to

experimental studies (Gay, 1999). Prospective studies and randomized clinical trials

provide stronger evidence as well as incidence and prevalence rates (Gay, 1 999).

The present study was a descriptive and observational case series that has the

limitation of providing weak empirical evidence (Gay, 1999). However, the findings are

best used as a source of hypotheses work for future stronger designs.

Other ways of describing surveillance is applying a study with case-control

designs. But limitations with case-control studies, as a more optimum design, also exist.
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There is the potential for many forms of bias in case-control designs, providing relatively

weak empirical evidence even when properly executed (Gay, 1999).

Rates from different populations are often compared without concern and there is

no present standard adjustment methods used to allow comparisons such as a small

community hospital (APIC, 2000). Epidemiological studies often report risk factors

associated with disease as well as the significance of the risk associated with those factors

(APIC, 2000). With the recognized limitations, this study was a surveillance study that

monitored patient characteristics, trends and proportions between pneumonia and

influenza diagnoses.

5.2.2 Medical charts ICD coding

The selection of pneumonia and influenza cases depended on the reliability of the

ICD codes. There was no other service to provide pneumonia statistics other than the

health data department.

5.2.3 Sample size

Usually an adequate sample size is a minimum of 50 patients per predictor

variable (Wright, 1995). The 4 significant independent variables would ideally ask for a

sample size of 200. However, a sample of 1 72 cases was still considered satisfactory by

all statistical analyses. There is no previous influenza and pneumonia benchmark to

similarly compare this hospital study's sample size.

5.2.4 Microbiological analyses

Since not all patients had ordered microbiology testing, the results presented here

are not entirely representative of the etiology in the population under study. This

situation is probably because the Hospitals in the Niagara Region could not do advanced
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influenza testing, at that time, unless under an outbreak situation. However, the present

Niagara hospital is licensed to do advanced RSV testing. One way to overcome this

concern would be to implement rapid tests that if standardized appropriately, could be

excellent screening tools to support decision making in clinical management as well as in

surveillance efforts.

Rapid testing for influenza virus was sent to a standardized laboratory in

Hamilton or Toronto. Therefore, there were time delays in receiving results within the

24-hour period at the hospital, which was another reason influenza testing was not

routinely ordered on patients during that season.

5.2.5 ODIN score

Data collection was difficult with some of the organ dysfunction definitions as

they were difficult to locate in retrospective charts. The parameters for the hematological

organ dysfunctions required mathematical conversions. The platelet parameter was the

easiest method to convert. The ODIN score could only be applied to a high-risk

population such as the ICU unit based on the clinical parameters.
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CHAPTER SIX: CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS

6.1 CONCLUSIONS

The present study was an initial step in the Niagara Region to enhance pneumonia

surveillance in acute care facilities for better communication with regional, national, and

global public health surveillance. Enhancing pneumonia surveillance is important for

SARS, Avian influenza prevention and pandemic preparation. Some of the most

important conclusions of this study are as follows:

• The review of historical pandemics and epidemics of influenza and SARS provided a

foundation to better understand infectious diseases when novel strains are identified.

Based on cyclical patterns, the researcher was able to theoretically predict the next

influenza pandemic could potentially occur in the year 2016.

• The number of hospitalizations due to respiratory illness occurring during an

influenza season is extremely valuable information provided by this study. In a 7-

month period, there were 132 patients with final diagnoses of pneumonia and 40 with

influenza in the Niagara Hospital. This information could be useful in assessing

future incidence and prevalence rates relative to a population at risk. Moreover, this

data could help in establishing associations between the need for hospitalization and

previous immunizations with either the influenza or the pneumococcal vaccine.

• Some characteristics such as gender, presenting cough, origin of illness, were

identified as significant factors associated with pneumonia diagnoses. The
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radiological evidence of pneumonia was important as well, and the key determinant

of final diagnoses of pneumonia.

• Although in this study there was an equal distribution of males and female

participants, who makes the analyses more parsimonious, it was found males were

more likely associated with the diagnosis of pneumonia.

• Presenting cough, a landmark of respiratory illness, resulted as a significant symptom

increasing the likelihood of a pneumonia diagnosis.

• The data for the 2003 to 2004 influenza season indicated that in the group of patients

studied, the main causal agents for pneumonia were S. pneumoniae, RSV, and

influenza. Identification of the etiological agent was less likely associated with the

pneumonia diagnoses. Particularly, the influenza A virus was less likely associated

with the pneumonia diagnoses when considering other relative factors such as gender,

presenting cough, and place of origin.

• The influenza A virus Fujian strain (A/Fujian/41 l/2002(H3N2)-like) that circulated in

the world in the latter half of the 2002 to 2003 influenza season, continued to

circulate during the 2003 to 2004 influenza season, including the Niagara Region.

Unfortunately, the vaccine components for the 2003 to 2004 influenza season in the

Northern Hemisphere did not consist of this strain in time to cover the season.

However, the World Health Organization recommended the same strain be included

in the vaccine composition for the following season.

• Community-acquired illness was more common than nosocomial illness, and this

difference was significant when independently associated with the pneumonia

diagnoses.
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• The ODIN score was useful in determining the mortality risk of pneumonia.

• Ventilator-associated pneumonia was not described in any patients of this study.

• The development of hospital surveillance tools was useful to collect appropriate data.

Moreover, as a result of this study, a prototype electronic tool is being tested in the

Niagara Hospital for future pneumonia surveillance measures.

• Health Canada created the Public Health Agency, Provincial Infectious Disease

Committees and Regional Networks in response to improving Public Health

surveillance. Public Health efforts continue to improve infectious disease surveillance

locally, regionally, and nationally to meet the global needs of the unexpected

occurrences of future emerging diseases. Pandemic planning is underway in many

provinces, recommended by the WHO, to prepare in advance for novel influenza

strains.

In general, to the best of our knowledge, this is the first study in the Niagara

Region that assessed baseline data of pneumonia and influenza in the post SARS era. It

will hopefully increase awareness and open possibilities to prospective research.

6.2 FUTURE RESEARCH DIRECTIONS

The evidence provided in this study may lead other researchers to further

investigate influenza and pneumonia monitoring especially to enhance pneumonia

surveillance in acute care facilities. Research activities to assess new laboratory rapid

testing of respiratory pathogens would be useful in community hospitals with a laboratory
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available. Performing more laboratory investigations would assist in providing more

baseline data as to what microorganisms are circulating in the Niagara Region.

Incorporating more electronic tools for hospitals to conduct a more active

prospective surveillance of pneumonia and influenza would be very beneficial in keeping

with the goals of strengthening the new influenza pandemic planning. The current study

facilitated the researcher to develop an electronic pneumonia surveillance tool based on

descriptive parameters and was completed (based on resources available) to trial for the

influenza season of 2005-2006.

An important recommendation that can emanate from this study is expanding the

type of information that is recorded in the health charts (whether electronic or not). For

instance, including some socioeconomic status indicators, country of origin, and history

of relevant immunizations would increase possibilities of more meaningful analyses in

the future. Also, hospitalization data to determine the population at risk is now available

for the Infection Control Department to assess incidence and prevalence rates.

Prior to SARS, there was no hospital monitoring of pneumonia in place. If this

study was to be replicated, the same retrospective study could be completed in another

community hospital to obtain preliminary data. Even a prospective case-control design is

possible to determine population at risk analyses, and risk factors associated with

pneumonia. Perhaps, a randomized control trial in the chronic wards or ICU of an acute

care facility could be considered.

Regarding the mortality risk of severe pneumonia, an adaptation of the ODIN

score for future investigations could be considered for patients admitted within 24 hours

to the ICU, and after mechanical ventilation is implemented. The ODIN score was not
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commonly used in previous research, and repeating the score in other studies would

increase its validity.

New methods for enhancing pneumonia surveillance in acute care facilities are

encouraged. Future studies on etiologies associated with nosocomial and community-

acquired pneumonia in hospital settings should continue. In addition to more research, a

clinical education program on influenza and pneumonia in acute care for all staff is a

necessary intervention, to increase awareness and alert for unusual respiratory illness.

Nursing shortages in acute care facilities affect research, and more education is

necessary. Moreover, public health education should continue at doctors' offices,

community clinics, and various public health agencies.
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Hospital Unit Trends Page 1 of 1

Unit
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Appendix B CASE REPORT FORM Page 1 of 2

Admission Date: (d/m/y)
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Appendix B

Case No:

CASE REPORT FORM

Chart No:

Page 2 of 2

4.DIAGNOSTIC DATA

CXR CT scan interstitial infiltrate lobar consolidation hilar adenopathy multilobar

D lobar infiltrate D pleural effusion other

5. PRECOMORBIDITIES

Congestive Heart Failure:

Renal Disease: Liver Disease:,

Immunosuppressed:

_Diabetes mellitus: Malignancy:

Ml: CVA: Neuro Disease:

COPD/ASTHMA/EMPHYSEMA (specify): Other:

6.ANTIMICROBIAL THERAPY

5. DISCHARGE DIAGNOSIS
Received influenza vaccine

Date of Discharge and location:.

Date of Death:

COMMENTS:

Date of transfer and location:
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Appendix C
Organ Dysfunctions and/or Infection (ODIN)

The ODIN model assesses the number and type of organ dysfunctions in the intensive care

patient, and can be used to predict the patient's outcome. (Fagon et al., 1993)

Organ System
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ODIN score = 1 point for each organ dysfunction and infection present

Interpretation:

ODIN Score
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Appendix D Brock University

Senate Research Ethics Board Extensions 3943/3035, Room AS 302

DATE: June 22, 2004

FROM: Joe Engemann, Chair

Senate Research Ethics Board (REB)

TO: Ana Sanchez, Community Health Science

Carla Feltrin

FILE: 03-403 Feltrin

TITLE: Unveiling the Etiology of Pneumonia and Fever Respiratory Illness Post

SARS Outbreak: A Canadian Hospital Surveillance Study for 2003-2004 Influenza Season

The Brock University Research Ethics Board has reviewed the above research proposal.

DECISION: Accepted as Clarified

This project has been approved for the period of June 22, 2004 to December 31, 2004 subject to

full REB ratification at the Research Ethics Board's next scheduled meeting. The approval may
be extended upon request. The study may now proceed.

Please note that the Research Ethics Board (REB) requires that you adhere to the protocol as last

reviewed and approved by the REB. The Board must approve any modifications before they

can be implemented. If you wish to modify your research project, please refer to

www.BrockU.CA rcsearchsen ices/forms.html to complete the appropriate form REB-03 (2001)

Requestfor Clearance ofa Revision or Modification to an Ongoing Application.

Adverse or unexpected events must be reported to the REB as soon as possible with an indication

ofhow these events affect, in the view of the Principal Investigator, the safety of the participants

and the continuation of the protocol.

If research participants are in the care of a health facility, at a school, or other institution or

community organization, it is the responsibility of the Principal Investigator to ensure that the

ethical guidelines and approvals of those facilities or institutions are obtained and filed with the

REB prior to the initiation of any research protocols.

The Tri-Council. Policy Statement requires that ongoing research be monitored. A Final Report

is required for all projects, with the exception of undergraduate projects, upon completion of the

project. Researchers with projects lasting more than one year are required to submit a Continuing
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Review Report annually. The Office of Research Services will contact you when this form REB-
02 (2001) Continuing Review/Final Report is required.

Please quote your REB file number on all future correspondence.

Heather Becker, Office of Research Ethics

Brock University

Office of Research Services

500 Glenridge Avenue

St. Catharines, Ontario, Canada L2S 3A1

phone: (905)688-5550, ext. 3035 fax: (905)688-0748

email: hbecker@brocku.ca

http://www.brocku.ca/researchservices/humanethics.
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Appendix E. Spreadsheet surveillance of pneumonia and influenza.

Ol*0)M

o
3"
M
3-

z
C
3
7

o
OJ

S

I

I

a
3

i

Of

ill

3
2
o
X

8

O P
> o
-< CO
CO •

c
3

oc





Appendix F. Hospital respiratory surveillance tool.
A hospital study 1 72

© B w
lit
ill

as as

«

on

S. a*« i-i

5.

13

9gof
8 SO*

0>

o
o Z

o £
E 2 k? B.

O »• O Si w.

s
8/

9 5
1
- 9 3

C/3. C/l

o





A hospital study 173

Appendix G. Hospital pneumonia electronic surveillance tool.












