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Abstract 

Self-swabbing mediated by a telephone health helpline (THHL) was explored as a community 

based surveillance tool for the detection of influenza viruses in Ontario. This surveillance system was 

designed to complement other surveillance systems and clinical based testing for influenza viruses by 

extending the reach of surveillance, through self-swabbing, to persons outside of the traditional health care 

setting. The “self-swabbing study” population, in terms of age and gender, residential environment, and 

marginalization, were explored and compared to influenza data captured by Public Health Ontario 

Laboratories (PHOL) during the same influenza year. Although these two populations were similar in 

many ways, the evaluation highlighted an increased use of the self-swabbing system among young 

children (age two to four years) and adults (age 20 to 39 years), and those from an area of greater ethnic 

concentration. Also, a larger portion of participants from rural or small population centres completed all 

steps of the study, as compared to those who agreed to participate initially but did not follow through. 

Further, this study was evaluated as a tool for early detection of influenza A and influenza B viruses 

relative to Public Health Agency of Canada’s FluWatch data, PHOL data, and Ontario’s Acute Care 

Enhanced Surveillance system. The self-swabbing study detected a rise in influenza B cases at the same 

time as the earliest corresponding surveillance sources using the peak comparison method; however, no 

sooner than any system. Lastly, the efficacy of using self-swabbing to sample influenza A and influenza B 

viruses was evaluated by comparing molecular test results from two different platforms: real-time reverse-

transcription polymerase chain reaction (PCR) and multiplex PCR. In conclusion, self-swabbing is an 

appropriate method for obtaining and testing samples for influenza A and influenza B viruses based on a 

moderate and strong level of agreement between the results for the two viruses, respectively. Moreover, 

self-swabbing proved to be a successful sampling method for respiratory viruses broadly, given the 

detection of 13 additional respiratory viruses using this method. As such, the THHL mediated self-

swabbing surveillance system has significant potential for use as a tool for laboratory-confirmed 

community based viral surveillance in Ontario.  
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Chapter 1 

Introduction 

It is estimated that between 10% and 20% of Canadians become infected with influenza each year. 

While the majority of those who are infected with the virus only experience mild symptoms, influenza can 

lead to severe infection in others. In Canada, during the 2014-2015 influenza season, which runs from 

September through August, 951 hospitalizations and eight deaths were reported among the pediatric 

population (≤ 19 years) and 6,991 hospitalizations and 597 deaths were reported among the adult 

population (>20 years) (61). It is presumed that these numbers represent only a subset of all influenza-

associated hospitalizations and deaths, according to approximations that have been made with national 

datasets suggesting the true number of influenza-related hospitalizations in Canada approximates 12,200 

per year, and the number of deaths attributable to the disease is closer to 3,500 per year (70, 71). Given the 

impact of influenza on the health care system and the health of Canadians, it is important to monitor 

influenza viruses with the intention of preventing a widespread outbreak. In addition, monitoring 

communicable diseases provides valuable information that is used for vaccine development, allocation of 

health care associated resources, tracking disease spread, and preventing and containing outbreaks.  

Currently three main systems are employed to monitor influenza in Ontario: Public Health 

Agency of Canada’s (PHAC) FluWatch, Ontario’s Acute Care Enhanced Surveillance (ACES) system and 

surveillance based on laboratory confirmed influenza testing at Public Health Ontario laboratories 

(PHOL). A limitation of these surveillance systems is that they typically underestimate the burden of 

infection in populations living in remote or rural communities and/or populations with less severe 

symptoms who may consequently elude the health care system; that is, community based cases, which are 

not tested and/or documented. This study describes a previously unexamined self-swabbing surveillance 

system facilitated by Ontario’s telephone health helpline (THHL), which uses syndromic surveillance 

tools to recruit and monitor participants with influenza-like illness (ILI). The intent of this surveillance 

system is not to replace, but rather to complement other surveillance systems and clinical-based testing for 
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influenza, thereby extending the reach of surveillance through the use of self-swabbing. An additional 

rationale for this type of surveillance system is that it can reduce transmission of infection by reducing the 

number of visits to emergency departments or doctors’ offices by those who are not ill enough to require 

attention by a health care professional, but still seek healthcare for their illness, as they can be tested from 

home where they can also self-isolate, thus reducing potential infection of others. 

This study evaluated both the feasibility and efficacy of the self-swabbing surveillance system as 

a surveillance tool and as a viral sampling method. This was accomplished through assessment of system 

functionality in terms of timeliness (early detection and reporting delay), and by examining the population 

that was captured relative to surveillance data available for Ontario during the 2013 to 2014 year. In 

addition, self-swabbing was assessed for its ability to function as a tool for respiratory virus sampling by 

using nasal swabs collected by participants to test for common respiratory viruses via molecular methods, 

with a focus on influenza viruses.   
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Chapter 2 

Literature Review 

2.1 INFLUENZA VIRUS 

2.1.1 Virology  

Influenza structure and classification 

Influenza is a negative-sense single stranded RNA (ssRNA) virus belonging to the 

Orthomyxoviridae family. The influenza virus is enveloped, has a pleiomorphic appearance and a genome 

that consists of eight separate segments, each functionally important (40). There are three types of 

influenza viruses that can infect humans; namely, influenza A, B and C, but only A and B are known to 

have the ability to cause epidemics in humans. Infection with influenza C is typically milder, resembling 

symptoms of the ‘common cold’ and is therefore not routinely surveyed, nor do persons with influenza C 

typically seek medical attention as a result of the lack of severity. The fourth and sixth largest segments of 

the genome encode for hemagglutinin (HA) and neuraminidase (NA), two viral surface glycoproteins that 

play major roles in the pathogenicity and transmissibility of influenza (27). Alterations to these 

glycoproteins are often observed with influenza A viruses and are the basis for subtyping, which 

corresponds to the HA and NA glycoproteins. New subtypes are still being discovered, but currently 

eighteen HA (H1-H18) and eleven NA (N1-N11) glycoproteins have been identified. The influenza A 

subtype is regularly monitored and assessed for antiviral sensitivity, genetic mutations, and virulence, as 

the introduction of a new subtype may be particularly deleterious. 

Influenza viruses are named according to several specific criteria. Using “influenza 

A/California/7/2009 (H1N1)” as an example of the nomenclature, the first letter, in this case “A”, 

identifies the virus type, followed by the geographic origin of the first isolation (California), the strain 

number (7), the year of isolation (2009), and lastly, the subtype (H1N1).  
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Viral proteins with a major role in pathogenicity and host range 

The HA protein plays a role in virus infection by initiating fusion of the viral and cellular 

membranes, making it a major determinant of the pathogenicity of influenza. In order to activate 

membrane fusion potential, cleavage of a precursor must occur. The cleavage site for most HA subtypes is 

a single amino acid; however, certain subtypes have cleavage sites that consist of multiple amino acids, 

which tend to result in a more pathogenic virus (28). The structural plasticity or ability to withstand these 

amino acid substitutions, while at the same time remaining infectious, allows for the selection and 

shedding of antibody resistant mutants (27). The NA glycoprotein is responsible for cleaving the terminal 

sialic acid residues from glycoproteins, glycolipids and oligosaccharides, facilitating the prevention of 

newly assembled viruses leaving the cell from reattaching to previously infected cells or the cells from 

which they are budding. As a result, this action aids in promoting infectivity as the new viruses are forced 

to move on to infect new cells. Furthermore, the NA protein has been well characterized and is not subject 

to much variation, two desirable traits for antiviral therapy. Consequently, the action of NA has influenced 

the design of certain antiviral therapies, which work by inhibiting the cleavage of sialic acid residues and 

prevent the spread of new virions from cell to cell. Another protein of importance is the nonstructural 

protein 1 (NS1), which plays a role in disrupting the host immune response. This is achieved by 

interfering with upregulation of transcription factors, interferon-β stimulated genes, and retinoic acid-

inducible gene I, all of which play a key role in the host immune response (28). 

 

Antigenic variation 

Antigenic drift refers to the minor changes in surface antigens that arise from a series of point 

mutations over time (48). Eventually, the virus will no longer be recognizable by host antibodies and a 

previously infected person may become symptomatic or infected once again. In contrast, antigenic shift 

results in a more drastic change to the viral genome, consequent to genetic reassortment that leads to the 

expression of entirely new surface proteins (75). The segmented genome facilitates this shift, which 

occurs through recombination events and arise when a host is co-infected with two viral serotypes (27). In 
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contrast to antigenic drift, which happens more often, the rare occurrence of antigenic shift has only been 

reported four times in the last century. The influenza A(H1N1) 2009 pandemic is a recent example of 

antigenic shift, which resulted in the first pandemic since 1968 due to a “triple-reassortment” of viral 

genes between human, avian, and swine influenza viruses (74). Unlike influenza A, which may succumb 

to either antigenic shift or drift, influenza B is virtually subject to change by antigenic drift alone. This is 

because influenza B viruses exist predominantly among humans, whereas influenza A viruses are found to 

infect various species. This makes the chance of a particular host being simultaneously exposed to two 

different influenza B viruses, and thus providing the opportunity for antigenic shift to occur, an extremely 

rare event. As such, the development of a pandemic strain through antigenic shift, and the introduction of 

a novel strain into a population with little to no immunity, has only been observed in influenza A viruses.  

For this reason, tracking the subtype of influenza A is critical to the on-going efforts of addressing future 

pandemics. 

 

2.1.2 Epidemiology and disease of influenza viruses 

Influenza viruses circulate worldwide and affect people of all ages. In the temperate climates of 

the Northern Hemisphere, including Canada, outbreaks generally occur annually, between December and 

March. Outbreaks or “epidemics” generally last 8-10 weeks and include one or two “waves” or peaks of 

influenza cases with the first wave often the result of influenza A viruses succeeded by a second wave as a 

result of influenza B viruses, as seen in Figure 2-1 (8, 54). In addition to influenza viruses, there are a 

number of other respiratory viruses circulating around the same time of year that cause severe respiratory 

illness similar to influenza, such as respiratory syncytial virus (RSV) (Figure 2-1). Less commonly, each 

influenza virus type may exhibit two waves within the same season, such as during the 2009 H1N1 

pandemic, which peaked in May/June then again in October. In the 2013-2014 influenza season in 

Canada, the circulating strains were as follows: influenza A(H1N1)pdm09 (56.4% of subtyped 

specimens), 7.7% influenza A(H3N2), and 35.9% influenza B.  
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Figure 2-1: Seasonality of influenza A and influenza B viruses in Ontario.  

Percentage of respiratory viral pathogens detected among specimens tested in 16 laboratories across 
Ontario between September 22, 2013 and September 20, 2014, which highlights the two waves of 
influenza viruses: the first wave due to influenza A (red) and the second due to influenza B (magenta), as 
well as other respiratory viruses circulating throughout the year, namely, respiratory syncytial virus [blue] 
and parainfluenza virus [green]). The vertical red line following week 35 marks the beginning of the 
2014/2015 influenza season, which starts during week 35 and ends during week 34 of the following year. 
Figure adapted from Public Health Ontario’s Respiratory Virus Bulletin 2013-2014, Surveillance Weeks 
37 & 38 (63). 

  

Ontario Respiratory Virus Bulletin, 2014-2015 (Weeks 37 and 38: September 7, 2014 – September 20, 2014) 

Produced by Public Health Ontario   Page 3 of 6  

Figure 1. Percentage of respiratory viral pathogens (influenza A, influenza B, respiratory syncytial virus, and parainfluenza virus) detected among 
specimens tested by all methods: Ontario, September 22, 2013 to September 20, 2014 

 
Source: These data have been obtained from the Public Health Agency of Canada’s (PHAC) Centre for Immunization and Respiratory Infectious Diseases (CIRID) 
respiratory virus detection tables as of September 24, 2014; they are based on data submitted to PHAC from 16 laboratories in Ontario. 

Notes: 
The numbers reported in this figure represent results submitted to the CIRID by 16 participating laboratories in Ontario, including 11 Public Health Ontario 
Laboratories (PHOLs) and five hospital-based laboratories. 
Interpret results for Week 51 with caution as only four laboratories in Ontario, three of which were hospital-based laboratories, submitted results to the CIRID. 
Results above are assigned to a particular surveillance week based on when test results are reported to PHAC; these data are not updated when results are submitted 
late for previous surveillance weeks. These data represent the number of specimens tested, which may not necessarily correspond with the number of patients as 
more than one specimen may have been submitted per patient. 
Cumulative numbers for the season to date are also available through FluWatch: http://www.phac-aspc.gc.ca/fluwatch/
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Each of the three influenza virus types differs in terms of their respective reservoirs. Aquatic birds 

are the natural reservoir for influenza A (8), although various other hosts including humans, horses, seals, 

and pigs also serve as hosts for this virus (95). The influenza B virus is known to infect humans, horses 

and seals, and finally, humans and pigs are hosts to the less prevalent influenza C (95).  

Influenza is believed to spread primarily through direct person-to-person interactions by way of 

large droplets (>5µm) that are generated when a person coughs, sneezes, or talks. The large respiratory 

droplets that are released into the air can then be inhaled or ingested. The virus passes through the nose 

and mouth, eventually making its way to the upper and lower respiratory tract where it can attach to, and 

penetrate, respiratory epithelial cells and begin replication. Replication results in destruction of these cells, 

which is a major cause of influenza-related symptoms (48). Additionally, influenza viruses have also been 

noted to spread indirectly through contaminated hands or shared surfaces (8). Transmission of influenza A 

by fomites has been studied in guinea pigs, which yielded results to suggest that influenza A is capable of 

inefficient transmission via inanimate objects (56), although further research in this area is required.  

Infection with influenza virus leads to an acute respiratory disease characterized by the sudden 

onset of high fever, coryza, cough, headache, prostration, malaise, and inflammation of the upper 

respiratory tract (83, 95). Typically, infected individuals recover naturally within two weeks of infection; 

however, more serious influenza-associated disease can occur, most commonly among persons 65 years of 

age and older and in children less than five years of age. For both the young and the elderly populations, 

this has been primarily attributed to a weakened or underdeveloped immune system. In addition, people 

with certain medical conditions, including pregnancy, cancer, diabetes, heart or lung disease, and obesity, 

may be at higher risk for more severe disease (48). Typically, adults shed virus from one day before 

symptom onset until five to ten days after symptoms first appeared and are therefore infectious during this 

period (48), whereas children and persons with weakened immune systems may be contagious for a longer 

period of time, due to a higher viral load and prolonged period of shedding (46, 52, 65). 
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2.1.3 Pandemic influenza  

A pandemic, or worldwide epidemic, occurs subsequent to the introduction of a novel influenza 

virus to a susceptible human population without preexisting immunity to this new influenza strain. There 

have been four influenza pandemics within the last 100 years; namely, the Spanish influenza (1918-1919), 

Asian influenza (1957), Hong Kong influenza (1968) and the influenza A(H1N1) 2009 pandemic.  

The Spanish influenza resulted in the loss of an estimated 20-50 million people worldwide. 

Studies suggest that the virus was an H1N1 virus of avian origin comprised of a variant HA protein, 

replication complex, NS1 protein, and the PB1-F2 protein, which were all critical to the virulence of the 

virus (40). This highlights the importance of specific proteins to the pathogenicity of a particular strain of 

influenza. The high rate of mortality among young adults was another unusual characteristic of the 

Spanish influenza, as that population typically eludes severe infection.   

The Asian influenza of 1957 was a consequence of antigenic shift, which arose from the 

reassortment of human and avian influenza viruses generating a novel H2N2 virus (47). This particular 

strain claimed the lives of approximately two million people across the globe, but unlike the Spanish 

influenza, the Asian influenza had a greater impact on the very young and the elderly populations (74). 

The Hong Kong influenza of 1968 was also the result of a reassortment of human and avian influenza 

viruses, but lead to a milder pandemic in comparison to the Spanish influenza and Asian influenza (74). 

The virus replaced the previously circulating influenza A(H2N2) of the Asian influenza pandemic, as it 

shared the same NA but exhibited a shift in HA, generating this particular influenza A(H3N2) virus (38, 

87).  The outbreak emerged in two waves across the world, with higher mortality rates associated with the 

initial waves that occurred in the United States (US) around Christmas of 1968 with a less severe wave 

following in 1969. Curiously, the opposite pattern in severity was exhibited by the two waves in Europe 

and Asia, which experienced a mild first wave and a more severe second wave. As the NA circulating in 

the first wave was shared with that of the H2N2 Asian influenza strain, it is believed to have provided a 

level of preexisting immunity. In contrast, the second wave involved the introduction of a new NA 
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through antigenic drift, which consequently is hypothesized to have contributed to a disease of greater 

severity (87).  

It took 40 years for the next influenza pandemic to emerge in the spring of 2009 with the first case 

of influenza A(H1N1)pdm09 being reported in Mexico and subsequently spreading worldwide in just a 

few months (74). By October 9, 2009, the World Health Organization (WHO) stated that confirmed cases 

of the virus had been reported in 195 countries (90). This strain of influenza was generally milder than 

previous pandemic influenzas; however, the mortality rate reported in children and young to middle-aged 

adults was unusually high when compared to seasonal outbreaks (26). After the 1918 Spanish influenza, 

human H1N1 serotypes continued to circulate until 1957 (11). Some studies suggest a certain degree of 

cross-reactive immunity in the elderly (or those over the age of 60) between influenza A(H1N1)pdm09 

and influenza A(H1N1)1918 (84), although a general consensus on the subject has not been reached as 

many aspects of the apparent immunity in these populations remain largely unexplained (11). While there 

are differences, all four pandemics highlight two things: the inability to predict when the next pandemic 

will occur, and how unpredictable novel strains of influenza may be. For this reason, continued 

surveillance and monitoring of influenza viruses are crucial for the prevention and attenuation of 

potentially devastating outbreaks.  

 

2.2 Surveillance 

2.2.1 Surveillance of communicable diseases  

 A well-accepted description of surveillance is the “ongoing systematic collection, analysis, and 

interpretation of health data essential to the planning, implementation, and evaluation of public health 

practice, to reduce morbidity and mortality and improve health”, as defined by the Centers for Disease 

Control (CDC) (14). Surveillance is used to influence public health actions towards improving health. 

Recently, there has been an increase in the use of epidemiologic surveillance systems for monitoring 

major public health events with the primary goal of preventing large-scale outbreaks or events with a 

deleterious motive, such as bioterrorism attacks. Overall, the main purpose of a communicable disease 
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surveillance system is twofold: to provide early warnings of potential threats to the health of the public 

and to monitor any events that may be disease-specific or multi-disease in nature (89). 

 Surveillance can be either passive or active. With passive surveillance information regarding the 

agent of interest is typically derived from reports and data generated and submitted by external parties 

with analyses performed by a central agency (34). Routinely collected data, such as hospital discharge 

summaries, mortality data, physician billing data, notifiable disease reports, and other sources of 

confirmed cases seen in health facilities are among the types of reported data that are used for passive 

surveillance (22, 88). With passive surveillance, agencies rarely intervene with health care workers 

responsible for data collection, although guidance for reporting information and completing required 

documentation may be provided (66). The lack of involvement makes having clear, uniform case 

definitions that are readily available crucial to the success of passive surveillance (88). Consequently, the 

lack of feedback or an incentive to participate can lead to under-reporting due to the absence of motivation 

for those responsible for data collection. Furthermore, certain populations such as persons who do not 

have access to health care facilities or those who fall ill but do not seek out a health care provider may also 

contribute to under-reporting of specific diseases without a clinical diagnosis (34, 48, 64).  

 With active surveillance, surveillance facilitators are responsible for seeking and gathering data and 

providing feedback or reminders for partners involved in the data acquisition process (66). Two examples 

of active surveillance include the Canadian Community Health Survey and the Census of Canada, which 

are both carried out by Statistics Canada and other government and academic agencies every year and five 

years, respectively (78). Active surveillance is advantageous because the data collected are often more 

reliable and complete than that used for passive surveillance. Unfortunately, the improved data quality of 

active surveillance requires more time and resources and thus is less commonly used. As a result, 

resources for active surveillance tend to be reserved for the investigation of suspected outbreaks and case 

tracking rather than for non-emergent situations (48, 66).  

 Sentinel surveillance describes a third type of surveillance which is a combination of active and 

passive methods based on data gathered from patients presenting at a health care center with a predefined 
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syndrome applied by the health care professional who performs the assessment (66). An added benefit of 

sentinel surveillance is that it is capable of providing a more accurate estimate of the population incidence 

for a particular illness, given that the sample of physicians used for sentinel surveillance is carefully 

designed to allow for these estimates (53). 

 

2.2.2 Viral surveillance 

 Surveillance of infectious agents has played a crucial role in the management and control of 

infectious diseases; for example, surveillance, case detection, and vaccination efforts lead to the 

eradication of smallpox (53). Conversely, a reduction in surveillance and control practices has 

repercussions such as an increased incidence of disease, which often occurs during challenging times of 

war and socioeconomic deterioration. This was observed for sleeping sickness (or human African 

trypanosomiasis [HAT]), a parasitic disease transmitted by the tsetse fly, which was well controlled 

resulting in a progressive decrease in cases in Zaire, Africa between 1930 and 1960. Unfortunately, these 

efforts were lost after 1960 due to civil war, which resulted in a disorganized public health system and a 

subsequent rise in the number of HAT cases (23, 77). The value of surveillance extends beyond 

monitoring and reduction of disease; it also guides seasonal vaccine formulation, vaccine strategies, helps 

control the emergence of antibiotic-resistant organisms and provides insight into adequate allocation of 

resources for disease prevention and treatment programs (53). 

 The 2009 H1N1 pandemic provides a real world example of the importance of influenza 

surveillance and the potential for devastating consequences, with respect to both health outcomes and 

economic outcomes, had appropriate surveillance practices not been established. A number of reviews 

have been published that reflect on the strengths and weaknesses of how the first pandemic of the 21st 

century was managed. Preparation for the “next pandemic” officially began in 2005 and was heavily 

focused on influenza A(H5N1), which was beneficial as it lead to improved diagnostic tests, development 

of pre-pandemic plans for allocation of vaccines, and enhancement of surveillance and epidemiological 

investigation methodologies (73). However, a mindset focused on specifically trying to predict the next 
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pandemic based on the activity of influenza A(H5N1) proved to be a setback when an entirely different 

strain emerged, which was also from the West, as opposed to Asia where it was thought the next pandemic 

would be derived. Canada was well prepared in terms of accumulating a supply of vaccines, but 

documentation of the amount and administration of these was not well catalogued, as this was possibly 

performed secondary to the rapidly evolving situation (45, 60). Furthermore, “the PHAC experienced 

challenges with respect to its surveillance capacity including both a lack of real time data on key 

epidemiological variables and epidemiological resources to review surveillance data” (60).  

  Since the 2009 H1N1 pandemic, efforts toward more comprehensive infection, prevention and 

control practices have been carried out in anticipation of a future outbreak of influenza. One of the 

primary ways this has been done is by mandating public health organizations to enhance their current 

surveillance practices in various ways. The recommended improvements include: continued development 

of syndromic surveillance and sentinel severe acute respiratory illness (SARI) surveillance to establish 

baseline levels of respiratory illness for comparison; constructing surveillance systems to make data and 

other information collected readily available; recording data in a manner consistent with other surveillance 

practices; and ongoing political support to sustain surveillance activities long term (88, 91). These 

recommendations were proposed as a result of the lack of consistency between systems during the 2009 

pandemic, which slowed down the coordination of public health efforts and introduced unnecessary 

challenges. 

 

2.2.3 Surveillance of influenza viruses: FluWatch 

 There are several surveillance initiatives for influenza viruses throughout Canada, which either exist 

or are in development, but only a review of PHAC delivered FluWatch; Kingston, Frontenac, and Lennox 

& Addington (KFL&A) Public Health developed Acute Care Enhanced Surveillance (ACES); and Public 

Health Ontario laboratory data (PHOLD) used for surveillance will be included due to their specific 

relevance to this project. FluWatch is Canada’s national surveillance system for respiratory viruses, which 

was developed by the Centre for Immunization and Respiratory Infectious Diseases (CIRID). The CIRID 
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is mandated to “prevent, reduce, or eliminate vaccine-preventable and infectious respiratory diseases; and 

reduce the negative impact of emerging and re-emerging respiratory infections” among other vaccine 

related initiatives. FluWatch was developed through a collaborative effort to provide health care 

professionals with information about circulating respiratory viruses in Canada, achieved through the 

collection of data gathered from a network of laboratories, hospitals, physicians’ offices, and provincial 

and territorial ministries of health. Reports are disseminated on a weekly basis during influenza season 

(October through May) and a biweekly basis during off-season.  

 

2.2.4 Surveillance of ILI: Acute Care Enhanced Surveillance 

 The ACES system, formerly known as the Emergency Department Syndromic System (EDSS), 

began in 2004 as a collaborative pilot project based in Kingston, ON at Queen’s University and KFL&A 

Public Health. It is a real-time syndromic surveillance system that derives data from chief complaint or 

admission diagnosis information from more than 115 acute care hospitals in 28 health units across Ontario 

(42). The data is collected during the registration process at the emergency departments of participating 

hospitals and is then classified into a syndromic category. ACES has both temporal and spatial capabilities 

and monitors changes and trends in the incidence of endemic disease using the chief complaint data to 

detect new or emerging public health threats. Upon the detection of an anomaly, an alert is generated and 

distributed by e-mail to public health professionals or others, who in turn, interpret and respond by passing 

on the alert to the communicable disease or environmental health teams of the associated Public Health 

Unit (PHU) (42).  

 The use of ACES for early detection of respiratory illness has been examined in comparison to 

laboratory-based notifications and surveillance. Prior to 2009, the volume of ACES respiratory chief 

complaints were compared to Telehealth Ontario calls for respiratory disease based on guidelines and 

daily discharge counts for respiratory disease from the National Ambulatory Care Reporting System 

(NACRS). ACES was deemed suitable for use as a timely source of surveillance for respiratory diseases, 

based on a strong and statistically significant correlation between ACES chief complaints and each of 
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Telehealth calls (rs=0.91) and NACRS data (rs=0.98) (85).  

 Respiratory viral infections confirmed at Public Health Ontario Laboratory - Kingston (PHOL-K) 

between 2006 and 2010 were evaluated against the number of respiratory and fever and ILI visits reported 

by the ACES system using the Spearman correlation coefficient to determine if a correlation existed 

between the two datasets. Emergency Department (ED) visit volume for respiratory infections and/or 

fever and ILI symptoms was determined to be suitable as a proxy for levels of circulating seasonal viruses, 

as indicated by a correlation coefficient of 0.585 (p<0.001) for all influenza viruses (32). Another study 

evaluated the timeliness of syndromic data sources for outbreak detection in comparison to laboratory data 

for the 2009 H1N1 pandemic specifically (15). ED visit data was provided by PHUs and did not 

successfully generate an alert for all PHUs evaluated. Only one PHU from the first wave and one from the 

second wave had an alert before the laboratory data. Overall, the ACES surveillance system has been 

shown to be a beneficial method for monitoring levels of respiratory illness; however, it was not consistent 

across PHUs nor does it always provide early warning in advance of other surveillance practices.  

 

2.2.5 Surveillance of influenza viruses: Public Health Ontario Laboratory Surveillance 

Laboratory surveillance in Ontario is dependent upon the participation of public health and other 

health sector organizations at various levels of government. Some of the primary clients of Public Health 

Ontario Laboratories (PHOL) include: Ontario’s Chief Medical Officer of Health, the Ministry of Health 

and Long Term Care (MOHLTC) and other ministries, local PHUs, health system providers, and other 

organizations across the “continuum of care” (58), who submit samples to PHOL for influenza testing. It 

is important to note that PHOL are not the only testing laboratories for influenza in Ontario, and thus not 

all provincial laboratory-confirmed influenza cases are captured in the PHOL dataset. Two additional 

surveillance systems used for tracking communicable diseases are the Integrated Public Health 

Information System (iPHIS), which reports laboratory-confirmed influenza cases, influenza-related 

hospitalizations and deaths, and respiratory outbreaks in institutions, and standard laboratory surveillance, 

which is based on laboratory tests performed at participating laboratories and the National Microbiology 
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Laboratory (NML) (62). There are 16 Ontario laboratories that report influenza test results to the PHAC: 

12 Public Health Ontario Laboratories and four hospital-based laboratories (The Children’s Hospital of 

Eastern Ontario, The Hospital for Sick Children, St. Joseph’s Health Care London, and Sunnybrook & 

Women’s College Health Sciences Centre) (62). PHOL-specific surveillance of respiratory pathogens, 

including influenza, is reported in PHO’s Laboratory-Based Respiratory Pathogen Surveillance Reports. 

The reports are available online and are produced weekly during the influenza season and bi-weekly 

during off-season. They also encompass a summary of patient specimen results tested at PHOL. 

 

2.2.6 Surveillance of ILI: Telephone health helplines  

 A THHL service has the potential to capture populations that would otherwise be missed. For 

example, certain strains of influenza may cause milder illness than others, rendering affected individuals 

unwell, but not to the point of seeking care in person from a health care provider.  As such, the THHL 

provides an alternative mechanism for seeking health care advice for the community. A THHL also 

provides an alternative opportunity to interface with a health care professional in under-serviced areas in 

the province. 

 The characteristics of a THHL have been exploited in an attempt to utilize it as a syndromic 

surveillance tool for early detection of community illness. This has been implemented in multiple 

countries, but an assessment of the value of using a THHL for early detection of respiratory disease has 

rarely been published. Two studies in particular, one in the United Kingdom between 2002 and 2006 and 

the other in Sweden between 2009 and 2013, have shown a strong correlation between an increase in calls 

to a health helpline and traditional surveillance methods, which typically involve laboratory-confirmed 

cases or sentinel reporting (18, 49). Ontario’s Telehealth system has also undergone an evaluation of 

timeliness but in relation to another syndromic surveillance source; namely, Ontario ED visit data from 

NACRS (86). This retrospective study was conducted using data collected between June 1, 2004 and 

March 31, 2006 that determined a Spearman rank correlation coefficient of 0.97 between the two datasets, 

indicating an increased Telehealth call volume that correlated with an increase in NACRS discharge 
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diagnosis data. Furthermore, the correlation observed in this study suggested that if threshold levels are set 

for the start of outbreaks, Telehealth Ontario data may provide up to 15 days advance warning of ED visits 

(86). These studies, although preliminary, provide evidence of the potential for THHLs to be used for 

early detection of respiratory illness.  

 

2.3 Self-Swabbing 

2.3.1 Influenza virus collection methods 

 The single best method, or gold standard, for collecting specimens for the detection of influenza 

viruses has yet to be determined. The WHO has recommended that the most appropriate specimens for 

capturing influenza virus are upper respiratory tract samples, derived from a nasal swab (NS), 

oropharyngeal swab (OPS), or nasopharyngeal swab (NPS) (93), although the conventional method is to 

use a NPS. One reason for this is because human influenza viruses preferentially bind to α2,3-linked sialic 

acid, which is found on ciliated cells that line the upper respiratory tract and can therefore easily be 

collected using a NPS. In contrast, avian influenza viruses prefer to bind to α2,6-linked sialic acid that are 

more commonly found within the lower respiratory tract, and consequently require a more invasive 

sampling method to capture an appropriate specimen (28). As for laboratory confirmation of influenza 

virus infection, reverse-transcription polymerase chain-reaction (RT-PCR) and viral culture are the 

standard protocols recommended by the CDC (12).  

 A study from Norway recruited 32 patients that tested positive for influenza, then had an 

experienced technician use flocked nylon swabs to collect a NPS and an OPS from each participant. 

Duplex polymerase chain reaction (PCR) methods were used to compare the two swabbing methods, 

which resulted in a mean cycle threshold (Ct) value difference of 5.75 (95% CI: 3.8-7.7, p < 0.01), which 

corresponds to a viral load that was 54 times higher in the NPS versus the OPS (35).  

 In a second study (69) the NS and OPS were also compared but using the level of agreement 

between test results for evaluation. Participants between the age of one month and 15 years seeking 

outpatient care for ILI were recruited. A NS and an OPS were taken from each participant using Dacron-
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tipped swabs for both and tested specifically for influenza A(H1N1)pdm09 by real-time RT-PCR. The 

authors concluded that there were no significant differences between the results for the two swab types, 

with a total of 142 NS and 140 OPS having tested positive for influenza A(H1N1)pdm09.  

 Nasopharyngeal aspirate (NPA) samples are generally an unpleasant way to collect a sample for 

both the patient and health care practitioner (HCP). Previous studies have shown that NPS have very high 

sensitivity (98.5%) and specificity (100%) using a flocked swab when measured against NPA, and the use 

of NPS is also strongly preferred among HCPs due to the less invasive nature of the technique (1). 

Detection rates of influenza using NS and NPA were also evaluated in a Finnish study that recruited 

children admitted to a university hospital for upper respiratory tract infection (33). The two specimen 

types were used to take samples and test for influenza A and influenza B antigens using a time resolved 

fluoroimmunoassay. The resulting sensitivity for NS in comparison to the NPA results was 91% (95% CI: 

73%-98%). A more recent study also looked at the detection of respiratory viruses using NPA versus NS 

but using multiplex PCR in addition to immunofluorescence (82). This study determined that there was no 

significant difference in the sensitivity of the two methods while using molecular methods; however, they 

did note that immunofluorescence revealed a significantly reduced level of sensitivity for the NS. 

 Lastly, very few studies have investigated the use of NS in place of NPS. One study used polyester 

swabs to collect two samples from Andean children under the age of three who were experiencing acute 

respiratory illness. One was a NS stored in viral transfer medium before testing, and the other was a NPS 

stored in skim milk-tryptone-glucose-glycerol before testing, which is typically used for bacterial tests 

(31). Specimens were analyzed using real-time RT-PCR to test for influenza A and four other respiratory 

viruses. Nine specimens tested positive for influenza A by NS and 11 were positive by NPS, 

corresponding to 97.1% agreement; however the median Ct value for the NS were significantly different 

from the NPS (23.7 (22.5-35.0) and 24.1 (20.1-28.5), respectively, p = 0.015). Influenza detection using 

nasal and nasopharyngeal swabs was also evaluated in adults who had a medical encounter for acute 

respiratory illness (37). Shallow nasal and NPS were collected from patients using a Dacron swab, and 

RT-PCR and viral culture were used to test for influenza following CDC recommended protocols. A total 
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of 240 patients were sampled with 35 testing positive for influenza. Detection of influenza using NPS was 

more successful; however, the difference in sensitivity was not significant (P=0.35) (37).  

 In summary, these studies provide supportive evidence for the use of the NS as an appropriate 

means of specimen collection with the intent to detect respiratory viruses, while at the same time being 

both easier to administer and causing little discomfort to the patient. 

 

2.3.2 Linking telephone health helpline data to laboratory data 

 National Health Service (NHS) Direct was a national THHL service provided by the NHS of the 

United Kingdom, which was discontinued as of March 2014. Since then, it has been replaced with the 

non-emergent THHL service called NHS 111, which is a series of locally operated services as opposed to 

a national service (7). NHS Direct was used to relay health information to callers from England and 

Wales, and provided those in need with advice regarding the appropriate health care services that should 

be sought (5). Between 2001 and 2003, the role of NHS Direct in syndromic surveillance was explored 

using symptom and geographic data collected from calls to NHS Direct. Initially, the use of this service 

for surveillance purposes was focused on detecting a chemical or biologic attack by monitoring a range of 

algorithms related to symptoms that would relate to such an attack (5, 16). It functioned by notifying a 

project scientist of any ‘exceedances’, when the number of calls exceeded the 99.5% upper confidence 

interval, which was followed by further investigation into the rise in calls prior to generating an official 

alert to health authorities (5, 16). Both studies were able to detect elevated levels of activity in specific 

symptom categories; however, they both highlighted certain limitations of using solely symptomatic data 

to detect an outbreak, including the lack of a patient sample for laboratory confirmation of the agent of 

interest and the difficulty of evaluating this method in the absence of an actual chemical or biologic attack. 

 To address the limitation of syndromic surveillance that comes from the lack of diagnostic 

confirmation, a pilot study was conducted during the winter of 2003 to 2004 and a follow-up to the pilot 

study between November 2004 and February 2005 to demonstrate the feasibility of community-based 

virological self-sampling, or self-swabbing, in conjunction with NHS Direct (17). For the latter study, 142 
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samples obtained from callers were tested for influenza A(H1N1 and H3N2), influenza B, RSV A and 

RSV B by multiplex PCR, and virus was detected among 31 of the samples, corresponding to a 21.6% 

positivity rate. Based on both feedback from a short questionnaire distributed to callers who received a 

swab and the test results from the returned swabs, this study demonstrated that using self-swabbing was 

both acceptable to participants and feasible with regards to providing appropriate samples for molecular 

testing (17). Riding on the success of that study, self-sampling of NHS Direct callers to evaluate 

community transmission of influenza was once again attempted in England during the influenza 

A(H1N1)pdm09 pandemic (25). The aim of this community self-sampling initiative was to determine if 

this method could lead to improved detection of the onset of an epidemic during it’s earliest phase, in 

addition to providing a better description of the extent to which community transmission of a new 

influenza virus was occurring. This study highlighted that self-sampling captured local community 

transmission occurring in two specific regions of England, as well as transmission of seasonal influenza 

A/H3 and B viruses early in the summer, which is not commonly observed. 

 

2.3.2 Self-sampling for the detection of respiratory viruses  

 Since the publication of the NHS direct studies, three additional investigations have followed to 

determine the usefulness of self-sampling in a slightly different context. In 2011, the feasibility of using 

nasal self-sampling for population based surveillance of respiratory virus infections in the adult working 

population was explored through a cohort study performed in Eskilstuna, Sweden (59). Participants were 

asked to collect a sample, which was then submitted and tested for 14 viruses, upon the onset of one or 

more of the following symptoms: fever (>38°C), upper respiratory tract infection, and gastroenteritis. A 

total of 876 nasal swabs (47.5%) contained at least one virus, and the proportion of positive tests for 

specific viruses was shown to be similar to what was collected clinically.  

 In an England-based study during the 2009 influenza pandemic, self-sampling was implemented 

in an effort to support virological surveillance of influenza within the community, as opposed to health 

care settings (24). Participants aged 16 or older were recruited for the self-sampling scheme if they had 
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used NHS Direct and/or the website interface for cold/influenza symptoms, and those who agreed to 

participate submitted a self-obtained nasal swab that was analysed by real-time RT-PCR for 

A(H1N1)pdm09, influenza A(H1N1), A(H3N2), and influenza B. Some of the participants also had a 

swab taken by a clinician for comparative purposes. Analysis of these results demonstrated that a 

significant difference in Ct values was not obtained between self-sampling and clinician-led sampling 

(24). This study supports that self-sampling can be used as an alternative method for obtaining 

surveillance data about respiratory viruses without intervention from a clinician, which would in turn save 

time and health care associated costs (39, 70). Self-swabbing was further explored by combining e-mail-

based active syndromic surveillance with nasal self-swabbing for the detection of viral respiratory 

pathogens (3). This study highlighted that self-swabbing was highly feasible in terms of “acceptance, 

satisfaction, compliance, and timeliness” and that delayed testing as a result of the delay between 

symptom onset, self-swabbing, and specimen arrival at the laboratory did not influence virus detection 

rates. 

The equivalence of self- and staff-collected nasal swabs was also explored in a study among 

employees at the Helmholtz Centre for Infection Research in Germany, which reported that DNA levels 

and the percentage of swabs from which a pathogen was detected were both slightly higher in self-

collected specimens when compared to staff-collected specimens (2).  

 

2.4 Aim of this study 

 The purpose of this study was to explore the use of Ontario’s THHL, combined with self-

swabbing, for the early detection of circulating influenza viruses and to evaluate its use as a community-

based surveillance tool. Previous studies have shown that the number of calls to telephone health helplines 

for specific syndromes such as fever and ILI or gastrointestinal illness are highly correlated with 

traditional surveillance methods and may detect outbreaks earlier (86). Moreover, self-swabbing, or 

having the person being sampled take their own nasal swab, has also been proven successful as a useful 

method for obtaining a specimen that can be used for respiratory virus detection (4, 59). For this study, it 
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was hypothesized that linking the telephone health helpline with self-swabbing would lead to earlier 

detection of influenza A and influenza B viruses circulating in Ontario. Not only would the timely 

syndromic surveillance capabilities of a telephone health helpline would be exploited, but it would also 

have the added benefit of being linked to a laboratory confirmed case via self-swabbing. Furthermore, the 

accessible nature, coupled with the relative ease of use of these methods were hypothesized to extend the 

reach of testing to a unique population in comparison to that which is captured by current surveillance 

practices in Ontario and in turn, produce surveillance data that would complement current surveillance 

practices for influenza A and influenza B viruses. To address these hypotheses, first, a description of the 

population captured by this study, the “self-swabbing study”, in terms of age and gender, residential 

environment, and marginalization was compared to equivalent data corresponding to the population 

captured by PHOLD. Second, the self-swabbing study was evaluated as an early detection surveillance 

system in comparison to PHAC’s FluWatch, PHOLD, and Ontario’s ACES system by comparing the 

timeliness of each system in terms of the ability to detect influenza A or influenza B viruses at the earliest 

possible time. Lastly, the efficacy of using self-swabbing for the detection of influenza A, influenza B, 

and other common respiratory viruses was evaluated based on molecular test results. 
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Chapter 3 

Materials and Methods 

3.1 Recruitment  

Ontario’s THHL is a free, confidential, health advice service funded by the MOHLTC and 

available to all residents of Ontario. The THHL operates 24 hours a day, 7 days a week with the goal of 

providing health advice to callers and to assist with directing any of the necessary next steps in their care. 

This is achieved through triaging callers into one of five categories based on the severity of the caller’s 

health concern. The five categories include: priority (call 911 immediately), emergent (see physician 

within hours), urgent (contact family physician within 24 hours), referral (contact family physician within 

72 hours) and self-care (67). Callers were asked to participate in the study if they were categorized under 

“referral” or “self-care, were at least two years of age, and were experiencing at least one of the following 

symptoms: fever, cough, coryza, and sore throat. The criteria to be eligible for participation are 

summarized in Table 3-1. Recruitment began on October 1, 2013 and continued for one full year until 

September 30, 2014. At the start of recruitment in October 2013, 30 nurses were involved in the 

recruitment process. On three subsequent dates, the total number of nurse recruiters was increased: five 

nurses were added during the week of December 29, 2013, for a total of 35 nurses; 85 were added on 

January 23, 2014, for a total of 120 nurses; and another 32 were added on March 5, 2014, for a total of 

152 nurses who participated for the remainder of the recruitment phase of the study. The number of nurses 

participating in the study was outside of the control of this investigator, and the initial low numbers were 

consequent to the THHL provider underestimating the need. 

 

3.2 Transfer of data and participant specimen 

 Upon agreeing to participate, the following information was collected from the caller: the 

participant’s name, date of birth, and home address. All collected data was compiled by THHL personnel 

into an Excel spreadsheet and transferred daily via a secure portal to the PHOL-K, and imported   
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Table 3-1: Eligibility criteria for participation in the self-swabbing study.  

Category  Criteria Notes 

Age Age two and older Must be of age at the 
time of the call 

Symptom 
assessment 

Referral (contact family physician within 
one to two weeks) OR self-care  

Symptom(s) At least one of the following: fever, cough, 
coryza, sore throat 

Coryza and sore 
throat were not 
included until 
October 31, 2013 
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into a ‘callers’ database. The participant information was verified upon importation to the callers database 

(described in section 3.14) to ensure that recruitment criteria were met and that the correct address was 

provided. Once the participant information had been verified, a “self-swabbing package” was prepared 

and shipped out the next business day to the address on file in the callers database. Each self-swabbing 

package contained the following (Figure 3-1): a flocked swab (Copan Diagnostics Inc., Murrieta, CA), 

two pre-printed labels with unique study number, a SAFTPAK STP-700 set (one leak proof polybag and 

one Tyvek® envelope, SAF-T-PAK Inc., Edmonton, AB), a letter of information about the study, a set of 

instructions, a questionnaire, and a consent or assent form (Appendix A). The assent form was included if 

the participant was under the age of 16. In summary, the instructions outlined the purpose of the study, 

directions for completing the required documentation, and how to return the self-swabbing package. It was 

requested that participants return the nasal swab, questionnaire, and consent (or assent) forms using the 

enclosed prepaid packaging. Packages that were returned without a completed consent (or assent) form 

were destroyed and recorded in the callers database as “returned without consent.” Upon receipt of the 

self-swabbing packages by the laboratory, the nasal swabs were stored at 4°C until tested. Note that 

participant instructions also recommended storage of swabs at 4°C following sample collection and prior 

to return to the laboratory, although this was not controlled for in this study. 

 

3.3 Nucleic acid extraction from participant specimens 

Each swab set includes a conical tube filled with 1 mL of universal transport medium (UTM™ 

medium, Copan Diagnostics, Inc.) containing three glass beads, and one sterile swab (flexible minitip 

FLOQSwab™, Copan Diagnostics Inc.). The glass beads are included to facilitate the release of sample 

material and viral particles from the swab. Prior to the extraction process, the tube containing the swab 

was vortexed for 10 seconds. After vortexing, 250 µL of the sample was transferred to 2 mL of 

guanidinium thiocyanate (GITC) lysis buffer (Bioméreiux Inc., St. Laurent, QC) and the remaining sample 

was stored at -80°C in the conical tube. The lysis buffer solution was vortexed for 10 seconds followed by  
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Figure 3-1: Components of a participant self-swabbing package. 

The materials included in each self-swabbing package, which include: A) instructions for self-swabbing 
and returning the sample, B) consent form (or assent form, not shown), C) participant questionnaire, 
SAFTPAK STP-700 set [D) one Tyvek® envelope and E) one leak proof polybag and], and F) one 
flocked swab (includes conical tube filled with 1 mL of universal transfer medium). 
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incubation at room temperature for 10 minutes. After incubation, the entire lysis buffer with sample was 

transferred to the disposable sample vessels (Bioméreiux Inc.) intended for use with the Nuclisens® 

EasyMag® (Bioméreiux Inc.). The remainder of the nucleic acid extraction was performed in accordance 

with the instructions provided by the manufacturer (Nuclisens® EasyMag® User Manual, version 2.0, 

ref.280163). Nucleic acids were eluted in 25 µL of elution buffer and stored in 0.2 mL microcentrifuge 

tubes (Starstedt Inc., Montreal, QC). For the multiplex PCR assay, samples were thawed and a second 

extraction was performed following the same protocol outlined in section 3.3 but with an eluate of 30 µL 

instead of 25 µL. 

 

3.4 Real-time RT-PCR 

3.4.1 Influenza testing by real-time RT-PCR 

Real-time RT-PCR was used to test all of the samples in this study. Initially, each sample was 

tested for influenza A and influenza B viruses using two assays, specific to each virus. These two assays 

were performed in the same optical 96-well reaction plate (Applied Biosystems, Burlington, ON) 

alongside a third assay for glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The GAPDH assay was 

included in this test as an endogenous control. The endogenous control was used as it should maintain the 

same expression levels between samples, thus allowing for normalization of expression of the target gene 

by comparison of the Ct value for the target gene and GAPDH gene. Each 96-well reaction plate (Applied 

Biosystems) was divided into three sections corresponding to each of the three assays (Figure 3-2). 

Specimens that tested positive for influenza A underwent subsequent testing to determine the viral 

subtype. This was achieved by testing specimens for influenza A(H1N1)2009, influenza A(H3), and 

seasonal influenza A(H1) following the same plate setup as for the influenza A, influenza B and GAPDH 

assays. The particular subtypes chosen for further analysis were based on subtyping results for the 

previous influenza season (2012 to 2013) as reported by the NML. 
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Figure 3-2: Plate map of the 96-well reaction plate setup for influenza A (FluA), influenza B (FluB), 
and GAPDH assays.  

Map of the 96-well reaction plate setup used when testing for influenza A viruses, influenza B viruses, and 
the GAPDH endogenous control. Arrows are used to indicate the location of the wells that correspond to 
one participant sample tested for each of the three assays. A positive control for influenza A was included 
in both the FluA and FluB assays; a positive control for influenza B and a negative template control 
(NTC) were included in all of the assays; and a positive control for GAPDH was included in the GAPDH 
assay only.  
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3.4.2 Reaction setup and real-time RT-PCR amplification conditions 

The RT-PCR reaction mixture consisted of: 10 µL dNTP mix including DNA polymerase 

(Quantitect Multiplex RT-PCR Master Mix with ROX, Qiagen, Toronto, ON), 5.8 µL RNase-free water 

(Qiagen), 1 µL primer mix containing forward and reverse primers (0.5 µM final, Integrated DNA 

Technologies, Inc., Iowa, USA), 1 µL probe (0.125 µM final, Integrated DNA Technologies, Inc.), 0.2 µL 

RT mix (Qiagen), and 2 µL of RNA template, which was prepared as described in section 3.3. The 

GAPDH assay involves a commercially prepared primer/probe mix (Catalog number: 4333764F, Applied 

Biosystems), which necessitated the following adjustments made to the reaction setup: 6.8 µL of RNase-

free water (Qiagen) instead of 5.8 µL and 1 µL of GAPDH primer/probe mix (Applied Biosystems) 

instead of 1 µL primer and 1 µL probe. The forward and reverse primers, and the probe were specific to 

each assay; the sequences corresponding to each assay have been provided in Table 3-2. Each RT-PCR 

reaction, excluding the RNA template, was loaded into an individual well of a 96-well reaction plate 

(Applied Biosystems). The RNA template in elution buffer was vortexed for 10 seconds, and then three    

2 µL aliquots were added to the 96-well reaction plate, one for each of the three assays performed. 

Positive controls for influenza A (ATCC-VR822) and influenza B (ATCC-VR295) were obtained from 

the PHOL for standardization purposes, and included in the influenza A and influenza B assays. A 

positive control for GAPDH (1:1000 50 ng/µL, Applied Biosystems, Burlington, ON) and influenza B 

were used for the GAPDH assay (Figure 3-2). UltraPure™ DNase/RNase-free distilled water (Applied 

Biosystems) was used for the NTCs, which were included in each of the three assays. Following addition 

of participant samples to the 96-well reaction plate (Applied Biosystems), the plate was sealed with 

optical adhesive film (Applied Biosystems) and centrifuged at 2000 rpm for 20 seconds using the 

Centrifuge 5810 (Eppendorf, Nepean, ON). Lastly, the 96-well reaction plate (Applied Biosystems) was 

inspected to ensure the absence of air bubbles and placed into the Viia™7 Real-Time PCR System 

(Applied Biosystems), which was set to 50°C for 30 minutes to allow for reverse transcription; 95°C for 

15 minutes to allow for Taq activation; then 45 cycles of 95°C for 15 seconds for denaturation followed 

by 60°C for 1 minute for primer annealing/extension.  
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Table 3-2: Primers and probes used for real-time RT-PCR in this study.  

Primer and probes Sequence 5’-3’ Reference 

   
FluA forward primer GAC CRA TCC TGT CAC CTC TGA C (92) 

FluA reverse primer AGG GCA TTY TGG ACA AAK CGT CTA (92) 

FluA probe TGC AGT CCT CGC TCA CTG GGC ACG (92) 

FluB forward primer TCC TCA ACT CAC TCT TCG AGC G (13) 

FluB reverse primer CGG TGC TCT TGA CCA AAT TGG (13) 

FluB probe CCA ATT CGA GCA GCT GAA ACT GCG GTG (13) 
FluA(H1N1)pdm09 
forward primer AGC CAC TCA ATT CAA CTT GGG AAT (13) 

FluA(H1N1)pdm09 
reverse primer GCC CGC TAA TTT CAC GGA AAC (13) 

FluA(H1N1)pdm09 
probe CAG ATT GAA ACA TGC AAT CAA AGC GTC A (13) 

FluAH1 forward 
primer AAC TAC TAC TGG ACT CTR CTK GAA (13) 

FluAH1 reverse 
primer CCA TTG GTG CAT TTG AGK TGA TG (13) 

FluAH1 probe  TGA YCC AAA GCC TCT ACT CAG TGC GAA AGC (13) 
FluAH3 forward 
primer AAG CAT TCC YAA TGA CAA ACC (13) 

FluAH3 reverse 
primer  ATT GCR CCR AAT ATG CCT CTA GT (13) 

FluAH3 probe CAG GAT CAC ATA TGG GSC CTG TCC CAG (13) 
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3.4.3 Interpretation of real-time RT-PCR data 

A specimen was considered positive if the cycle threshold was crossed within 38 cycles (Ct value 

of ≤ 38.0), indeterminate if the Ct value was less than 40.0 or greater than 38.0, and negative if the Ct 

value was greater than 40.0.  For a real-time RT-PCR run to be considered valid, all influenza A and 

influenza B positive controls should be “positive” as per a Ct value ≤ 38.0; all NTC should be “negative”; 

that is, have a Ct value > 40.0; and all participant specimens should be positive for GAPDH, as per the Ct 

value. If a sample is positive for the target and the corresponding positive control, the GAPDH may be 

overridden if the GAPDH result for the same participant specimen is negative. An overview of the 

interpretation guidelines for the real-time RT-PCR assays is provided in Table 3-3. 

 

3.5 Multiplex PCR assay for 15 common respiratory viruses 

Specimens that were successfully extracted were further analyzed for 15 common respiratory 

viruses using the multiplex PCR assay with the Seeplex® RV15 ACE detection kit (Seegene Inc., Seoul, 

Korea). The assay tests specifically for the following viruses: parainfluenza virus (PIV) 1 through 4, 

coronavirus OC43 and 229E/NL63, rhinovirus A, B, and C, bocavirus 1 through 4, metapneumovirus, 

adenovirus, RSV A and B, enterovirus, and influenza A and B. The amplification products were coupled 

with autocapillary electrophoresis technology to assess the amount of virus detected, using the Caliper 

LabChip Dx® Electrophoresis System (Seegene Inc.). A sample was considered positive if any amount of 

virus was detected. 

 

3.6 Virus culture and strain characterization at the National Microbiology Laboratory 

Those specimens that were positive for influenza A or influenza B, and for which there was 

adequate sample remaining, were cultured using a rhesus monkey kidney (RhMK) cell line (Diagnostic 

Hybrids, OH, USA) and sent to the NML in Winnipeg, Manitoba for antigenic strain characterization. 

Prior to inoculation, specimens were treated with broad-spectrum antibiotics for 30 minutes at 4°C, using  
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Table 3-3: Overview of interpretation of real-time RT-PCR results for influenza virus testing. 

Ct value Interpretation 

≤ 38 Specimen positive for viral target 

≥ 40 Specimen negative for viral target 

38-40 Indeterminate result, repeat assay to confirm 
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an antibiotic mixture that contained Penicillin-Streptomycin-Amphotericin B (Lonza Walkersville, Inc., 

MD, USA) and Amphotericin B (250µg/mL, Applied Biosystems). Six drops of specimen were added to 

the RhMK cell culture tubes after the maintenance media had been removed, and the tube was placed on a 

roller drum at 37°C for 1 hour to allow for adsorption. After an hour, the specimen solution was removed, 

the cell line was rinsed with maintenance media (MEM Eagle EBSS w/ L-Gln, Lonza Walkersville, Inc. 

and antibiotic mixture), and the tube containing the infected cell line in 1.5 mL of maintenance media was 

returned to the roller drum. The specimen was read daily to evaluate the cytopathic effect (CPE) for up to 

10 days. When approximately 75% or more of the cell line was infected, the cell sheet and existing fluid 

were removed and stored at -80°C in a 2 mL polypropylene micro tube (Sarstedt Inc., Montreal, Québec) 

until it was ready to be sent to NML. Approximately 1.5 mL to 2 mL of culture was required to send to 

NML for further testing. 

 

3.7 Time series analyses for early detection of circulating respiratory viruses 

 In order to assess whether the self-swabbing study was capable of detecting circulating respiratory 

viruses in Ontario earlier than current surveillance practices within the province, the surveillance data 

collected for this study was compared to the equivalent data provided by FluWatch, PHOLD, and ACES. 

For a description of these datasets, see section 3.14. A “case” for the self-swabbing study, FluWatch, and 

PHOLD was defined as a positive test for the virus of interest, such as influenza A for example. Two 

datasets were used for ACES and therefore two “case” definitions were used: the first was defined as a 

visit to an acute care hospital for a respiratory syndrome, and the second was a visit to an acute care 

hospital for a fever /ILI syndrome. The data from each system was sorted to provide a weekly count of 

cases using the weeks of the year defined by FluWatch (Appendix B). Both the exponentially weighted 

moving average and cumulative sum control chart methods were explored for use in this study; however, 

historical data was required to make use of these methodologies, which was not available (81). As a result, 

the peak comparison method was deemed most appropriate for the time series analyses. In brief, the peak 

comparison method is a comparison of the time at which a peak of cases or local maximum was observed 
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(20). The week at which the peak was observed was used to compare periods of circulation of respiratory 

viruses as detected using the self-swabbing study data, FluWatch, PHOLD, and ACES.  

 Elements of the peak comparison method were also used to analyze the results from the multiplex 

data. Again, cases were defined as ‘positive’ if they tested positive for one or more viruses included in the 

multiplex PCR assay and the results were allocated by week, as described above. In addition to the 

positive test counts for influenza viruses, FluWatch also reports positive test counts for RSV, PIV 1 

through 4 and “other” PIV viruses, adenovirus, human metapneumovirus (hMPV), rhinovirus and 

coronavirus. The sample size corresponding to the multiplex test results for each individual virus was too 

small to make any comparisons regarding seasonality or trends; however, the peak number of cases or 

local maximum was determined using the FluWatch data, which was then used to provide chronological 

reference for the detection of the viruses in the sample cohort in the self-swabbing study. It should be 

noted that the multiplex PCR assay provides results for coronavirus 229E/NL63 and coronavirus OC43 

specifically, and RSV A and RSV B specifically, whereas FluWatch provides data for coronaviruses 

generally and RSV A and B collectively.   

 

3.8 Assessment of the surveillance system from an operational perspective  

The “symptom start date”, “call date”, “mail out date”, “collection date”, and “return date” 

represent points in time throughout the operation of the self-swabbing surveillance study (Figure 3-3). The 

time points corresponding to each participant were extracted from the callers database and questionnaire 

database and imported into SAS statistical software package (version 9.3, SAS Institute Inc., Cary, North 

Carolina, USA). A definition for each time point is provided in Table 3-4. SAS 9.3 was used to calculate 

the difference in the number of days between each of the time points. As the questionnaire database is 

dependent on participants who returned a self-swabbing package with consent, the symptom start date and 

collection date were not available for those who did not return with consent. As a result, the difference in 

the number of days for certain time points returned a value of less than zero and were therefore excluded 

for analyses. The proc univariate function was used to obtain basic statistics for each of the time points  
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Figure 3-3: Chronological overview of the timeline used to assess the operation of the self-swabbing 
study.  

A visual representation of the time points used to evaluate the feasibility of the self-swabbing surveillance 
system from an operational perspective, which occurred in the following order: symptom start date, call 
date, mail out date, collection date, and return date.  
 

  

Symptom start 
date 

Call date 

Mail out date 

Collection date 

Return date 
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Table 3-4: Description of operational time points used for analysis in this study. 

Time point Definition Notes 

   

Symptom start date* Self-reported date when flu-like 
symptoms began 

"When did your (child's) flu-like 
symptoms start: dd/mm/yyyy" 

Call date** The date a participant called the 
THHL  

Mail out date*** 
Estimated date a self-swabbing 
package was mailed out to 
participant from PHOL-K 

Date was based on the assumption that the 
package was mailed out the next business 
day 

Collection date* Self-reported date when the nasal 
swab sample was collected 

"When did you collect the nasal swab 
sample? dd/mm/yyyy" 

Return date** The date a self-swabbing package 
was received at PHOL-K 

Also represents the date swab was tested 
for influenza A and B 

      
* Questionnaire database, ** Callers database, *** Derived from Callers database 

 

  



 36 

including: number of observations included, mean number of days (and standard deviation), median 

number of days, and minimum and maximum number of days (for SAS code used, see Appendix C). The 

results derived for the difference in time between time points evaluate the efficiency of the self-swabbing 

surveillance system by providing insight into when delays occurred in the process, how long it took 

participants to go through the steps of the surveillance system, and how rapidly the self-swab sample 

could be returned to PHOL-K to be tested.  

 

3.9 Postal Code Conversion File Plus (PCCF+) 

The PCCF+ is a SAS control program and set of associated datasets derived from the Postal Code 

Conversion File (PCCF), a Postal Code population weight file, the Geographic Attribute File, Health 

Region boundary files, and other supplementary data. PCCF+ automatically assigns a range of Statistics 

Canada’s standard geographic areas and other geographic identifiers based on Postal Codes. The PCCF+ 

differs from the PCCF in that it uses population-weighted random allocation for Postal Codes that link to 

more than one geographic area.  

 To use the PCCF+, each entry required a 6-character postal code in an “A1A1A1” format and a 

corresponding identification (ID) number at least 5 characters in length. The caller ID was used for the ID 

number with zeroes included in front of the caller ID number to ensure the minimum 5-character ID 

number specification was met. Once the required data had been formatted correctly, it was used with the 

PCCF+ to obtain information about the standard geographic areas that each postal code was associated 

with. The same data processing steps were performed for PHOLD corresponding to a login date between 

October 1, 2013 and September 30, 2014.  

 

3.10 Geographical analysis of participant population and PCCF+ use 

The SAS program referred to as the PCCF+, described in section 3.9, uses postal codes to 

determine a corresponding population centre class. A population centre is defined as a place that has a 

population of at least 1,000 people and a population density of 400 persons or more per square kilometre, 
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based on the current census population count. A place that lies outside of this definition is classified as a 

rural area (80). Classification by population centre is based on census data. The most recent census data 

available are from the 2011 Census of Canada, which was used for this study. Statistics Canada further 

divides population centres into small, medium, and large population centres, corresponding to a 

population centre of between 1,000 and 29,999 persons; 30,000 and 99,999 persons; and 100,000 or more 

persons, respectively (80). The distribution of participants from the self-swabbing study (by the all 

participants, response, and response with consent groups) by population centre class was established 

using the PCCF+ from Statistics Canada, in addition to the population captured by PHOLD for a 

comparison. The PCCF+ was used according to the protocol outlined by Queen’s University Library 

Services (55).  

 

3.11 Analysis of the participant population by level of marginalization 

To further characterize the population that agreed to participate in the self-swabbing study, the 

rates of marginalization among the study population were assessed using the Ontario Marginalization 

Index (ON-Marg). ON-Marg consists of four dimensions, namely “residential instability”, “material 

deprivation”, “ethnic concentration”, and “dependency”, which are used to describe the estimated level of 

marginalization for a given geographic area. The ON-Marg was designed to extend beyond a description 

of marginalization focused on material deprivation by including dimensions created using 18 measures 

from census data that were chosen based on a principal components factor analysis; a statistical procedure 

that derives a measured variable from a combination of underlying factors (41, 50). The data relating to 

each dimension is provided as a factor score, which is based on an interval scale generated using data from 

the Canadian Marginalization Index. The distribution of the population of Canada based on a particular 

dimension is based on a mean factor score of 0 and a standard deviation of 1. Specific areas lie within that 

distribution, with lower scores on each dimension corresponding to areas that are least marginalized, and 

higher scores on each dimension corresponding to areas that are the most marginalized (51). Furthermore, 

the ON-Marg data is provided geographically at different levels of geography by size. The dissemination 
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area is the smallest geographical area available by the ON-Marg dataset and was selected as the 

geographical unit for this analysis. For reference, all of Canada is divided into dissemination areas, which 

are defined as “small areas composed of one or more neighbouring dissemination blocks, with a 

population of 400 to 700 persons” (79). 

 The self-swabbing study population was analyzed in three categories: the all participants group, 

response group, and response with consent group. The distribution of marginalization among each level of 

participation was analyzed and compared to the distribution of marginalization among the population 

captured by PHOLD. The corresponding dissemination area for persons belonging to all aforementioned 

populations was determined using the PCCF+, which was previously described (section 3.9), then used to 

link the proportion of the populations of interest to their level of marginalization. The marginalization 

index is provided in two forms: factor scores (interval scale) and quintiles (ordinal scale). The factor 

scores were used to assess the distribution of marginalization based on the four dimensions of the index.  

 

3.12 Investigation of the feasibility of the self-swabbing study 

 The proportion of positive tests, quality of viral specimens, and correlation between shipping time 

and Ct values were used to assess the feasibility of both self-swabbing itself and the self-swabbing system 

as a whole. The PCR results for the GAPDH endogenous control were used to evaluate the quality of self-

swabbing specimens that tested positive for influenza viruses. The time difference between when the swab 

was taken and when it was received at PHOL-K were also evaluated to determine if an extended period of 

time significantly affected the quality of the sample and the likelihood of detecting influenza viruses. Due 

to the nature of the study, and for those specimens which tested ‘negative’ for the target, it is not possible 

to determine whether they would have tested differently had conditions of collection, transportation or 

processing been different given that influenza virus is known to degrade over time in unfavourable 

conditions. In order to assess this in this context, the Pearson correlation coefficient was used to 

investigate the relationship, if any, between increased time between collection date and return date, and 

the corresponding Ct values.   
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3.13 Statistical analyses used in this study 

The population involved in the self-swabbing study was compared to the population captured by 

PHOLD to determine if the self-swabbing study was successful in collecting data from a population that is 

different from that captured by traditional surveillance practices. To assess the difference between the 

populations, a test for the equality of two proportions was performed using the Pearson chi-square test at a 

significance level of α = 0.05. All calculations were performed using SAS 9.3 (for SAS code, see 

Appendix D). An analysis of participation by health unit has been provided as an example of this test. 

Cohen’s kappa statistic was used to assess the measurement of agreement between the test results 

determined for influenza A viruses and influenza B viruses by the real-time RT-PCR assay used for 

influenza A and B only relative to the multiplex PCR assay for multiple viruses, including influenza A and 

B detection. The kappa statistic and 95% CI was calculated using SAS 9.3 (for SAS code, see Appendix 

E). For further detail, an example calculation for influenza A viruses has been provided in Appendix E. 

The Mann-Whitney-Wilcoxon rank sum test was also used for statistical analyses in this study. 

This test was used to determine the equality of means between two independent samples exhibiting a 

nonparametric distribution. The Mann-Whitney-Wilcoxon rank sum test was applied to the population 

marginalization results, as described in section 3.11, at a significance level of α = 0.05 and using a one-

sided test to evaluate the difference in mean factor scores corresponding to the self-swabbing study and 

PHOLD. The statistics were derived using the proc npar1way procedure in SAS 9.3 (for SAS code, see 

Appendix F).   

 

3.14 Databases and cleaning of data used for analyses 

3.14.1 Self-swabbing study databases 

The data collected for the self-swabbing study was stored in two separate databases; the callers 

database and results database. Information regarding identifiers for the participant, the date the THHL was 

called, the date a package was returned, and any notes about the participant were included in the callers 

database. A summary of the variables included in the callers database is included in Appendix G. The 
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results database includes information regarding whether the sample was returned in a state that could be 

tested, whether a participant questionnaire was returned, the responses of the participant to the 

questionnaire, and a summary of the influenza virus and subtyping results. 

As noted in section 3.1, the number of nurses involved in the recruitment process of the self-

swabbing study changed over the course of the study. To account for this, results that were affected by the 

number of nurses were analyzed using both a raw dataset and a dataset adjusted for the number of nurses, 

which were referred to as “self-swabbing study data” and “adjusted self-swabbing data”, respectively. The 

adjusted dataset was calculated using equation 1 to determine the estimated number of participants that 

would have been recruited had 152 nurses been involved throughout the entire study. 

 

!"#$%&'"!!"#$%&!!"!!"#$%&%!"'$( = !"#(!"#!!"#$%&!!"!!"#$%&%!"'$()
!    (1)  

 

where x = number of nurses recruiting during the week that the respective participants were 

recruited. 

 

In addition, the self-swabbing study population was analyzed using three groups, the all participants 

group, response group, and response with consent groups. All participants was used to refer to all of the 

participants who agreed, and were eligible, to participate in the self-swabbing study. The response group 

was used to describe the participants who “responded” or returned a self-swabbing package, and the 

response with consent group consists of the participants who responded and included a signed consent (or 

assent) form. 

 

3.14.2 FluWatch dataset 

 FluWatch is Canada’s national surveillance system and is administered by the PHAC, and 

released weekly in a report format with details about circulating respiratory viruses in Canada. The 
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publically available reports were downloaded and the data obtained from the reports were used for 

FluWatch-related analyses in this study. The FluWatch data includes weekly and cumulative numbers of 

positive tests and number of tests performed, by province, for the following viruses: influenza (by type 

and subtype), RSV, PIV 1, PIV 2, PIV 3, PIV 4, PIV “other”, adenovirus, hMPV, rhinovirus, and 

coronavirus.     

 

3.14.3 Public Health Ontario Laboratory Data 

 Public Health Ontario Laboratories provide testing for influenza and other respiratory viruses for 

the following patient settings: inpatient (intensive care unit), inpatient (ward) or institution, physician 

offices/clinics, emergency room (not admitted) and all other ambulatory patients, and outbreaks, including 

those within daycares or long term care facilities. They also provide testing for lung tissue/biopsy 

specimens and bronchoalveolar lavage, bronchial wash, and pleural fluid specimens (Appendix I). The 

laboratory data was extracted from the PHO laboratory information system, and used for the analyses 

performed in this study, and will be referred to as the PHOLD hereafter. Personal identifiers were 

removed with the exception of a six-digit postal code, which was used to determine characteristics about 

the PHOLD population (as defined by this study) for comparison to the self-swabbing study population. 

For those patients with multiple entries in the dataset, data was consolidated to ensure each patient was 

linked to only one test result. This dataset also provided a “log in date”, which was assumed to be the day 

the test was input into the monitoring system and used for the time series analyses.  

 

3.14.4 ACES dataset 

The ACES dataset was provided by KFL&A Public Health and contained weekly counts of total 

visits, respiratory visits, and fever and ILI visits, which correspond to the total number of visits to acute 

care hospitals, the number of those visits that are classified under the “respiratory” syndrome category and 

the total number of those visits that are classified under the “fever and ILI” syndrome category, 

respectively, to hospitals participating in the ACES system.  
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3.15 Summary of methodology 

 Figure 3-4 and Figure 3-5 were used to provide an overview of the methodology used and the 

analyses performed in this study. 

 

3.16 Ethics approval 

Research Ethics Approval for this study was provided by both the Queen’s University General 

Research Ethics Board and Public Health Ontario’s Ethics Review Board. 
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Figure 3-4: Brief overview of the methodology used in this study.  

Certain steps in the methodology include a number in parentheses, which corresponds to the section of this 
thesis that is associated with the particular methodology. 

Recruitment (3.1, 3.2) 

Returned package (with 
consent) 

Nasal swab testing and 
extraction of nucleic acids 

(3.3) 

Influenza A/B assay (3.4, 
3.7) 

Negative Positive 

Influenza A? 
Subtype 

Virus culture 
(3.6) 

Unsuccessful Successful, NML 

Multiplex assay (3.5, 3.7) 

Questionnaire 

Analysis of timeline/
operational aspect of 

surveillance system (3.8) 

Evaluated population of participants who returned a package 
(response group and response with consent group) 

Refer to Figure 3-5 

Package not returned 

Evaluated overall participant population (all 
participants group) 
Refer to Figure 3-5 
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Figure 3-5: Summary of the analyses used to compare the self-swabbing study, PHOLD, and 
FluWatch.  

Certain steps in the methodology include a number in parentheses, which corresponds to the section of this 
thesis that is associated with the particular methodology. Note: the self-swabbing study was also compared 
to ACES in terms of timeliness (3.7), but is not included in this figure. 
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Chapter 4 

Results 

4.1 Recruitment overview: recruitment rates and the number of participants recruited over time 

A total of 2483 callers to the THHL agreed to participate in this study, 2474 of which were 

eligible to participate. Nine of the participants did not provide an age or were under the age of 2, thus they 

were considered ineligible to participate despite being recruited. Forty-three (1.74%) of the eligible 

participants did not receive a self-swabbing package as a result of an incomplete or inaccurate shipping 

address, or because they were recruited during the study’s one week hiatus in December. Of those who 

received a package, 726 (29.86%) also returned a package for testing but 60 did not include consent or 

assent forms; therefore, 666 (27.40%) participant packages were included and tested. Out of the 666 

packages returned with consent, only 2 specimens could not be tested as they were deemed compromised 

in terms of sample quality. A total of 664 specimens were successfully tested for influenza viruses. An 

overview of the recruitment process is provided in Figure 4-1.  

 An average of 46.68 participants per week were recruited over the course of the study. The lowest 

number of participants that were recruited in a particular week occurred during weeks 40 and 43 with zero 

participants, and the highest number of participants recruited in a given week occurred during week 7 with 

185 participants. For reference, study recruitment began in week 40 of 2013 and continued through to 

week 40 of 2014, with week 1 corresponding to the first week of January. As described in Section 3.1, the 

number of recruiting nurses varied throughout the course of the study. The adjusted number of participants 

recruited per week, which accounted for the varying number of recruiting nurses, was compared to the raw 

number of participants per week to assess the trend in participation rates (Figure 4-2). Two peaks were 

observed using both the raw and adjusted numbers, which correspond to an initial wave of influenza A 

followed by a second wave of influenza B, which are typically observed annually. The first peak occurred 

during week 1 with 37 (161 adjusted) participants recruited at that time. The second, larger peak occurred  
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Figure 4-1: Overview of recruitment process and corresponding participation numbers. 

A summary of the recruitment process from the callers recruited through the telephone health helpline to 
the number of specimens that were tested. A total of 2483 callers were recruited, 2474 of which were 
eligible to participate. Forty-three participants did not receive a package. Out of the 2431 participants who 
did receive a package, 666 returned a package with consent (726 total participants returned a package, 60 
of those did not include consent). Finally, 664 participant specimens were successfully tested for influenza 
A viruses and influenza B viruses. 
 

  

Total Callers Recruited 
2483 

Eligible to participate 
2474 

Received a package 
2431 

Returned, with consent 
666 

Successfully Tested 
664 

Returned, no consent 
60 

Did not receive package 
43 

Recruited, not eligible 
9 
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Figure 4-2: Raw number of participants recruited by week and adjusted number of participants 
recruited by week.  

The number of participants successfully recruited and eligible to participate in the self-swabbing study, by 
week, over the course of the study (October 1, 2013 to September 30, 2014). The green bar graph plotted 
on the left axis represents the raw number of participants recruited. The blue line graph plotted on the right 
axis represents the estimated number of participants recruited with adjustments for the number of 
recruiting nurses. Two distinct waves were observed with the adjusted numbers with peaks at week 1 and 
week 7. 
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during week 7 with 185 (234 adjusted) participants, which reflects the higher participation rate during the 

influenza B season. 

 

4.2 Description of the participant population by age and gender 

The gender and age, based on age of consent (16 years old), of the participant population (the all 

participants group) was described to provide insight into the particular populations within the reach of the 

self-swabbing surveillance system (Figure 4-3). Approximately half (49%) of the participants recruited for 

this study were children or teenagers under the age of 16, with a nearly equal distribution between males 

(24%) and females (25%). In the adult population, participation by females was more than double that of 

males (36% versus 15%). The same distribution based on gender and age of consent was employed when 

assessing the response with consent group (Figure 4-3). Participation from male adults, female children, 

and male children were comparable, with participation rates among these groups ranging from 16% to 

19%. In contrast, the female adult population accounted for 46% of the participants of the response with 

consent group. The greater participation from female adults among the all participants group was 

reflected in the difference between the number of males and females that called the THHL and were 

eligible for participation; i.e., the people for which an attempt to recruit for participation in this study was 

made. The percentage of eligible persons who agreed to participate in the self-swabbing study by gender 

was 77% for females and 68% for males; the larger difference is a result of who called the THHL as 60% 

of those who were asked to participate were female.  

 The age and gender distribution was further evaluated by more discrete age categories and 

compared to the same distribution for the PHOLD population (Figure 4-4). In contrast to the self-

swabbing study, the adult population captured by PHOLD was more evenly distributed by gender, but it 

also accounted for 85% of the total population. The marked difference between the proportions of each 

population who are adults is largely due to those aged 65 and older, who represent 42.70% of the PHOLD 

population and only 3.88% of the self-swabbing population. Furthermore, there is a large difference 

between ages two to four and 20 to 39 age groups; namely, those between two and four represent 28.62%   
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Figure 4-3: Distribution of the self-swabbing study population corresponding to the all participants 
group (left) and response with consent group (right) by age (child versus adult) and gender. 

A description of the participant population based on all participants (left, n=2474) compared to 
participants from the response with consent group (right, n=666) by age, or child (≤ 16 years old) versus 
adult (>16 years old), and by gender. The distribution of the all participants group was 15% male adults, 
36% female adults, 25% female children and 24% male children. The distribution the response with 
consent group was 19% male adults, 19% female children, 16% male children, and 46% female adults. 
The percentage of each population that was classified as having an “unknown” gender was not included as 
this group represents <1% in both populations. 

  



 50 

 

 

Figure 4-4: The gender specific age distribution of the self-swabbing study population using the all 
participants group (A) compared to the distribution of the population captured by PHOLD (B). 

The gender specific age distribution of the population that agreed to participate in the self-swabbing study 
(A, all participants group) was compared to the age distribution of patients captured by PHOLD (B) to 
determine any differences between the composition of each population by age and gender. The age range 
categories was based on what is used in reports generated by the provincial public health laboratory 
database, PHO Laboratory-Based Respiratory Pathogen Surveillance Reports. 
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of the self-swabbing study population whereas they account for only 5.47% of PHOLD, and those aged 20 

to 39 represent 26.88% and 15.57% of the self-swabbing study and PHOLD populations, respectively.  

 

4.3 Geographical description of the participant population by residential environment 

The populations captured by the self-swabbing study and PHOLD were distributed by population 

centre class, which was derived from the PCCF+ (section 3.9) based on the six-digit postal code 

associated with each participant. The self-swabbing study population was further evaluated using the all 

participants group, response group, and response with consent group. The percentage of each population 

that resided in a rural area, or small, medium, or large population centre class, was calculated and 

compared to the percentage of the PHOLD population that corresponded to each of the areas. The 

participant population was investigated in this manner to determine whether the self-swabbing study 

population differed from that of the PHOLD population in terms of residential environment. Overall, the 

proportion of each group by population centre class was similar (Figure 4-5). The largest difference 

between any two groups was 6.7% corresponding to the difference between the percentage of the PHOLD 

and self-swabbing data for all participants from a large population centre (62.6 % and 69.3 %, 

respectively). 

The chi-squared test for equality of proportions was used to statistically evaluate the difference 

between the proportion of the population residing in each population class for the self-swabbing study and 

PHOLD population (section 3.13). A significant difference was observed between the two groups studied 

with 13.06% of the all participants group and 15.20% of the PHOLD population residing in a rural area 

(χ2 = 7.5506, p = 0.0060). The same test was performed for the response group (15.84%) and response 

with consent group (16.52%), but the difference between those groups and the PHOLD population was not 

significant (χ2 = 0.2504, p = 0.6168 and χ2 = 0.8622, p = 0.3531, respectively). To summarize these 

findings, the percentage of the population corresponding to PHOLD that resides in a rural, small or 

medium sized population centre was significantly greater than the percentage of the all participants group  
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Figure 4-5: A comparison of the distribution of the self-swabbing study population (using the all 
participants, response, and response with consent groups) and the distribution of the population 
captured by PHOLD, by population centre class.  

The self-swabbing study population and the population captured by PHOLD were defined by their 
distribution by population centre class using postal codes and corresponding census data. The self-
swabbing study was further divided into three groups: all participants (darkest blue), response (medium 
blue), and response with consent (light blue). A significant difference (p < 0.05) between the proportion of 
the population that reside in a particular population class is indicated by an asterisk (*).  
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of the self-swabbing study. In addition, the all participants group had significantly greater percentage of 

the population residing in a large population centre than the PHOLD population. The difference between 

the percentage of the response and response with consent groups from each of the defined population 

centres was similar to the PHOLD population, as indicated by the lack of a statistically significant 

difference between the groups. The percent of the response group, response with consent group, and 

PHOLD population that reside in rural or small population centres were also similar (25.07%, 25.38% and 

25.60%, respectively), although slightly higher than the equivalent grouping for all participants from the 

self-swabbing study (21.55%). A significant difference was observed between the percentage of the all 

participants group that resides in a rural or small population centre and the same grouping for the PHOLD 

(χ2 = 18.4140, p < 0.001). The difference between the all participants group and the response and 

response with consent groups was also significantly different (χ2 = 3.94, p = 0.047 and χ2 = 4.22, p = 0.04, 

respectively).  

 

4.4 Description of the participant population by associated level of marginalization, and comparison 

to PHOLD  

Data from the ON-Marg can be used to describe the socioeconomic status, or level of 

marginalization, that is associated with a particular geographic area. Marginalization or social inequalities 

have previously been shown to have an effect on health outcomes (50). The use of self-swabbing mediated 

by a THHL was hypothesized to appeal to a population that may be affected by such social inequalities 

that prevent them from accessing traditional healthcare services, and thus the level of marginalization 

among the self-swabbing study population was explored. To do this, the ON-Marg was utilized to 

determine the level of marginalization associated with the population that participated in the self-swabbing 

study in comparison to the level of marginalization associated with the PHOLD population. Also, the self-

swabbing study population was further evaluated using the groups defined in section 3.10. The smallest 
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geographical area provided by the ON-Marg dataset was by dissemination area, which was selected as the 

geographical unit for analysis.  

The average factor score for the PHOLD was higher than the data for the self-swabbing study in 

every dimension (Figure 4-6). For dependency, material deprivation, ethnic concentration, and residential 

instability, the mean factor scores for the all participants group were -0.0995, -0.1784, 0.3033, and 

0.0232, respectively, and 0.2087, -0.0664, 0.3400, and 0.055 for PHOLD, respectively. Based on this data, 

the PHOLD was composed of a population that is associated with a higher level of marginalization on 

average than the self-swabbing study population. Furthermore, the average factor score decreased from the 

all participants group to the response group to the response with consent group, across all the dimensions 

of the ON-Marg except dependency, meaning the level of marginalization was highest among the all 

participants group and lowest among the response with consent group (Figure 4-6). The trend in the mean 

factor scores for dependency was reversed as an increase from the all participants group to the response 

group to the response with consent group was observed.  

The Mann-Whitney-Wilcoxon rank sum test is a test used to evaluate the equality of means 

(section 3.13), and was used in this study to compare the mean factor score for the self-swabbing study 

and PHOLD for each dimension. The calculated sum of scores corresponding to the residential instability 

dimension for PHOLD was higher in comparison to the all participants group, response group, and the 

response with consent group, but this was not significant in any case (p-value = 0.0480, 0.1848, and 

0.0527, respectively). The analyses corresponding to the deprivation dimension and the dependency 

dimension indicated that PHOLD was significantly higher in comparison to the all participants group, 

response group, and response with consent group, (p-value < 0.0001 in all three cases for both 

dimensions) meaning there was a significant difference in terms of material deprivation and dependency 

between the PHOLD population and self-swabbing study population. Lastly, the calculated sum of scores 

corresponding to the ethnic concentration dimension was higher when the all participants group was used 

and compared to PHOLD, but this was not significant (p-value = 0.0371). In contrast, the calculated sum 

of scores corresponding to the ethnic concentration dimension was lower for participants who responded, 
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Figure 4-6: The mean factor score corresponding to the four dimensions of the ON-Marg for the 
self-swabbing study population in comparison to PHOLD population.  

The ON-Marg provides a factor score indicating the level of marginalization for a given dissemination 
area by four dimensions: ‘ethnic concentration’, ‘material deprivation’, ‘dependency’, and ‘residential 
instability’. The mean factor scores corresponding to the self-swabbing study population using the all 
participants group, response group, and response with consent group were calculated and compared to the 
corresponding mean factor scores calculated for the population captured by PHOLD. An asterisk (*) was 
used to indicate a significant difference in the mean factor score for the corresponding groups compared. 
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and participants who responded with consent, in comparison to PHOLD and this difference was 

significant (p-value = 0.0191 and 0.0074, respectively).  

 

4.5 Peak comparison analysis for early detection of circulating influenza viruses 

The peak comparison method (section 3.7) was used to compare the data from the self-swabbing 

study to PHOLD, PHAC’s FluWatch data, and KFL&A’s ACES data. Two datasets were used for the self-

swabbing study, one with the raw number of cases by week and another with an adjusted number of cases 

by week accounting for the increase in the number of nurses that were recruiting participants at that time. 

These two datasets will be referred to as the “self-swabbing dataset” and “self-swabbing adjusted dataset” 

for the remainder of this document.  

First, the weekly case count for influenza A viruses was examined (Figure 4-7). Both the self-

swabbing dataset and self-swabbing adjusted dataset were included in the results to highlight the 

difference between the timing of the curves observed for the two datasets, with the maximum number of 

cases having occurred five weeks earlier at week 2 using the adjusted dataset. In addition, an artificial 

smaller peak of influenza A cases during week 2 was observed using the raw dataset, which can be 

attributed to the increase in recruiting nurses as the global maximum number of cases using this dataset 

was during week 7. In comparison to the weekly case count for influenza A viruses reported by PHOLD 

that peaked during week 1, the peak for the self-swabbing dataset and self-swabbing adjusted dataset was 

delayed by six weeks and one week, respectively (Figure 4-7, A and B). The self-swabbing study data was 

also compared to FluWatch data, which reached a maximum number of cases per week during week 2. 

This peak was observed at the same time as the adjusted number of cases and 5 weeks earlier than the raw 

number of cases determined by the self-swabbing study (Figure 4-7, D and C, respectively). In summary, 

the self-swabbing study was able to detect the seasonality of influenza A viruses at approximately the 

same time as FluWatch (week 2) and one week later than PHOLD (week 1) when using the self-swabbing 

adjusted dataset; however, it was not successful in capturing the same trends any earlier than methods 

currently used in practice. 
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Figure 4-7: The weekly case counts for influenza A (FluA) viruses detected between October 1, 2013 
and September 30, 2014 by: the self-swabbing study (raw and adjusted datasets) using the date a 
specimen was tested, and PHOLD (A, B) and FluWatch (C, D) data.  

Figure 4-7 was created for the peak comparison analysis that was used to compare the seasonality of 
influenza A viruses detected by each system described. Arrows were used to indicate when the peak 
number of cases occurred for each dataset. PHOLD and FluWatch data were plotted on the right axis, as 
indicated by an asterisk (*). 

(A) The raw weekly case count for influenza A virus corresponding to data obtained by the self-
swabbing study (blue bar graph) compared to the weekly case count for influenza A virus 
determined by PHOLD (green line graph).  

(B) The adjusted weekly case count for influenza A virus corresponding to data obtained by the self-
swabbing study (blue bar graph) compared to the weekly case count for influenza A virus 
determined by PHOLD (green line graph).  

(C) The raw weekly case count for influenza A virus corresponding to data obtained by the self-
swabbing study (blue bar graph) compared to the weekly case count for influenza A virus 
determined by FluWatch (red line graph). 

(D) The adjusted weekly case count for influenza A virus corresponding to data obtained by the self-
swabbing study (blue bar graph) compared to the weekly case count for influenza A virus 
determined by FluWatch (red line graph). 
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Next, the weekly case count for influenza B viruses was examined (Figure 4-8). Only the self-

swabbing adjusted dataset is included in Figure 4-8 as the difference between the raw and adjusted 

numbers had far less of an impact on the seasonal curves observed for the influenza B season than the 

equivalent for influenza A. This is because the changes made to the number of recruiting nurses was 

smaller during the influenza B season, for example, there were 120 nurses participating as of week 4 and 

152 by week 10. The number of influenza B cases was compared to PHOLD and FluWatch data, which 

both had a maximum number of cases occur in week 15 with 129 and 389 cases, respectively. The 

maximum number of influenza B cases was also observed during week 15 with 43 cases according to the 

adjusted dataset. Interestingly, using the self-swabbing study appeared to have a smaller peak in the 

number of cases prior to the global maximum, which occurred at week 9 with 22 cases or six weeks earlier 

than PHOLD, while using the adjusted dataset that was designed to control for any artificial increase in 

numbers; however, a similar trend was observed by FluWatch data during week 9. Overall, these results 

suggest that based on the peak comparison method, the self-swabbing study was capable of capturing the 

seasonal trend of influenza B viruses in a timely manner; that is, at the same time as other systems 

currently used in practice. While the maximum number of cases determined by the self-swabbing study 

did not occur any earlier than other sources, a different trend that was not apparent based on PHOLD was 

observed, with the smaller peak earlier in the season. These preliminary results show that the self-

swabbing study may have potential for enhancing current surveillance practices.  

 Lastly, the self-swabbing study was compared to two different measures derived from ACES data: 

the number of respiratory visits, and the number of fever and ILI visits to EDs in Ontario. The ACES 

system uses respiratory and fever and ILI visits as an indicator for increased respiratory disease activity, 

which were used for comparison to the weekly case count of influenza A and influenza B viruses captured 

by the self-swabbing study. As the issues concerning the increased number of nurses has already been 

discussed, only the self-swabbing adjusted datasets were included in Figure 4-9. The number of 

respiratory visits reached a maximum during the same week as the number of fever and ILI visits in week 

1 with 9365 visits and 2622 visits, respectively. Both peaks occurred one week earlier than the peak in 
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Figure 4-8: The weekly case counts for influenza B (FluB) viruses detected between October 1, 2013 
and September 30, 2014 by: the self-swabbing study (adjusted dataset) using the date a specimen 
was tested, and PHOLD (A) and FluWatch (B) data. 

A visual representation of the peak comparison analysis, which was used to compare the seasonality of 
influenza B viruses detected by each system described. Arrows were used to indicate when the peak 
number of cases occurred for each dataset, and arrows with a “?” are used to indicate a possible local peak 
number of cases. PHOLD and FluWatch data were plotted on the right axis, as indicated by an asterisk (*).  

(A) The adjusted weekly case count for influenza B virus corresponding to data obtained by the self-
swabbing study (blue bar graph) compared to the weekly case count for influenza B virus 
determined by PHOLD (green line graph).  

(B) The same weekly case count obtained by the self-swabbing study as described above (blue bar 
graph) compared to the weekly case count for influenza B virus determined by FluWatch (red line 
graph).  
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Figure 4-9: The weekly case counts for A) influenza A viruses (FluA) and B) influenza B viruses 
(FluB) as detected by the self-swabbing study (adjusted dataset) using the date a specimen was 
tested, compared to the weekly number of respiratory (resp) visits and fever and ILI (fever/ILI) 
visits monitored by ACES from October 1, 2013 to September 30, 2014.  

An overview of the peak comparison analysis that was used to compare the seasonality of influenza 
viruses detected by the self-swabbing study to ED visit data monitored by ACES. Arrows were used to 
indicate when the peak number of cases occurred for each dataset. ACES data was plotted on the right 
axis.  

(A) The adjusted weekly case count for influenza A virus corresponding to data obtained by the self-
swabbing study (blue bar graph) compared to the weekly number of respiratory visits (orange line 
graph) and fever and ILI visits (grey line graph) monitored by ACES.  

(B) The adjusted weekly case count for influenza B virus corresponding to data obtained by the self-
swabbing study (blue bar graph) compared to respiratory and fever and ILI visits monitored by 
ACES as described in part (A).  
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cases of influenza A virus detected by the self-swabbing adjusted dataset, and six weeks earlier than the 

data from the self-swabbing study using the raw number of cases (Table 4-1). ACES detected only one 

distinct peak in the number of visits over the course of the 2013 to 2014 influenza season, which occurred 

in week 1; however, a smaller, less defined increase in respiratory visits was also observed during week 16 

with 7174 visits. Nonetheless, the weekly case count for influenza B virus determined by the self-

swabbing study occurred one week earlier in week 15, which may suggest that the self-swabbing 

surveillance system was better suited for the detection of circulating influenza B viruses in comparison to 

ACES. An inclusive summary of the peak comparison results described in this section has been provided 

in Table 4-1.  

 

4.6 Multiplex PCR results: detection of common respiratory viruses and the associated seasonality 

in comparison to FluWatch 

To further assess the ability of the self-swabbing study to detect circulating respiratory viruses in a 

timely manner, all of the specimens that were collected and tested for influenza A and B underwent 

additional testing for 15 respiratory viruses (two of which were influenza A and B). A total of 635 of the 

664 valid samples were assayed using the multiplex PCR; 31 samples were unable to be tested and the 

results for 4 samples were excluded due to errors in data entry. The number of positive tests (cases) for 

each virus are outlined in Table 4-2. Each of the 15 viruses included in the multiplex PCR assay was 

detected in at least one of the participant samples, which indicated that self-swabbing was a suitable 

method to use to sample for viruses other than influenza A and influenza B. Furthermore and of note, 25 

samples tested positive for coronavirus 229E/NL63, 17 tested positive for coronavirus OC43, and 55 

tested positive for HRV A, B, and C. In addition, a co-infection was determined by the detection of more 

than one virus in a participant specimen for 30 of the specimens tested; the results have been summarized 

in Table 4-3.  
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Table 4-1: A summary of the week that the peak number of cases occurred for each of the systems 
analyzed in this study in comparison to when the corresponding peak was determined by the self-
swabbing study, indicated in parentheses.  

A negative (-) difference indicates the corresponding system was x number of weeks ahead of the self-
swabbing study and a positive (+) difference indicates the corresponding system was x number of weeks 
behind the self-swabbing study. 

  
Week when peak number of cases occurred (difference from week 

when peak was determined by self-swabbing study) 

  Self-swabbing 
study FluWatch PHOLD 

ACES, 
respiratory 

visits 

ACES, 
fever and 
ILI visits 

influenza A      
Self-swabbing study 7 2 (-5) 1 (-6) 1 (-6) 1 (-6) 

 
     

Self-swabbing study (adjusted) 2 2 (0) 1 (-1) 1 (-1) 1 (-1) 

 
     

influenza B      
Self-swabbing study 15 15 (0) 15 (0) 16? (+1) N/A 

 
     

Self-swabbing study (adjusted) 15 15 (0) 15 (0) 16? (+1) N/A 
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Table 4-2: An overview of the number of samples that were positive (‘cases’) for each of the viruses 
included in the multiplex PCR assay.  

Panel A virus(es) Cases Panel B virus(es) Cases Panel C virus(es) Cases 

adenovirus 9 coronavirus OC43 17 human bocavirus 3 

coronavirus 229E/NL63 25 human rhinovirus  
A, B, and C 55 influenza B 57 

parainfluenza virus 2 7 RSV A 12 metapneumovirus 21 

parainfluenza virus 3 15 influenza A 23 parainfluenza virus 4 3 

parainfluenza virus 1 5 RSV B 19 human enterovirus 23 
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Table 4-3: Summary of the co-infections determined, or the specimens that had more than one virus 
detected, based on the multiplex results.  

Table 4-3 describes the co-infections determined by the multiplex PCR assay. The multiple viruses 
detected in a participant sample have been described as the “primary virus”, “secondary virus” and 
“tertiary virus”, with the primary virus relating to the virus that had the highest viral load and the tertiary 
virus relating to the virus with the lowest viral load. The numbers associated with the description of the 
secondary infection were used to indicate the number of specimens exhibiting the same type of co-
infection. Using the first row associated with primary infection of human rhinovirus A, B, and C as an 
example, there were four specimens tested positive for both human rhinovirus A, B, and C and human 
enterovirus, one of which also tested positive for parainfluenza virus 3. 
 
Primary virus, 
based on viral load 

Secondary virus, based on 
viral load 

Tertiary virus, 
based on viral load 

influenza A 2 x RSV B !!
!! human enterovirus !!
!! metapneumovirus !!
influenza B 2 x RSV B !!
!! 2 x human bocavirus !!
!! human enterovirus !!
!! coronavirus OC43 !!
adenovirus metapneumovirus RSV B 

human enterovirus human rhinovirus A, B, and C !!
!! RSV B !!
human rhinovirus A, 
B, and C 4 x human enterovirus parainfluenza virus 3 

!! parainfluenza virus 4 !!
!! coronavirus 229E/NL63 !!
!! adenovirus !!
metapneumovirus parainfluenza virus 3 !!
coronavirus OC43 coronavirus 229E/NL63 !!
!! parainfluenza virus 3 !!
!! RSV B !!
parainfluenza virus1 parainfluenza virus 4 !!
!! !! !!
parainfluenza virus 3 human rhinovirus A, B, and C !!
RSV A coronavirus 229E/NL63 !!
!! influenza B !!
RSV B influenza B   
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The number of specimens tested and the number of viruses detected are very low in comparison to 

FluWatch data, which makes it difficult to compare the two in terms of early detection and seasonal 

trends. As a result, the week of the participant’s call to the THHL was used to indicate when the virus for 

each particular sample was detected, and then assessed in comparison to the seasonal trend of the 

corresponding virus or virus group provided by FluWatch. Similarly, as in the analyses of section 4.5, the 

influenza A cases occurred slightly after the peak as determined by FluWatch, but the influenza B cases 

were more in accordance with the seasonality determined by FluWatch (Figure 4-10, A and B). Note that 

the data was not adjusted for the number of nurses, as was done in previous analyses. Detection of RSV A  

and B cases by the multiplex PCR assay was also delayed, but still detected at a time in accordance with 

the seasonality of RSV viruses in general, as seen by the data captured by FluWatch (Figure 4-10, C).  

The multiplex results for hMPV, HRV A, B, and C, and coronavirus were also assessed for 

seasonality in comparison to FluWatch data, as shown in Figure 4-11. The HRV was the most frequently 

occurring virus other than influenza B among the participant population samples tested. Despite the 

relatively larger sample size, the cases were dispersed sporadically throughout the twelve months of study 

and did not appear to follow a specific trend in comparison to FluWatch data, which exhibited a defined 

peak of 134 cases during week 38. The majority of specimens that tested positive for hMPV occurred 

between weeks 6 and 12, with a “peak” of four cases during week 7. Despite a small sample size of 21, the 

occurrence of hMPV is similar to that determined by FluWatch, which exhibited a steady increase of 

hMPV cases beginning in week 1 and reaching a peak during week 12. Cases of coronavirus were also 

assessed. The number of cases determined by FluWatch peaked during week 5 or two weeks earlier than 

the peak based on multiplex data, which determined a peak during week 7. The results for coronavirus 

may be considered comparable in terms of seasonality, but it is important to note again that there is a low 

number of cases from the multiplex data, in addition to the fact that FluWatch reports coronaviruses 

generally while the multiplex PCR assay provides results specific to coronavirus 229E/NL63 and OC43. 
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Figure 4-10: The occurrence of A) influenza A virus (FluA), B) influenza B virus (FluB), and C) 
RSV viruses by week from October 1, 2013 to September 30, 2014, as determined by test results 
from the multiplex PCR assay and FluWatch data. 

The test results based on multiplex data from this study (blue bar graphs) and FluWatch data (red line 
graphs) for influenza A, influenza B, and RSV viruses were plotted by week in A, B, and C, respectively. 
FluWatch data was plotted on the right axis and arrows were used to indicate when the peak number of 
cases were observed.  
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Figure 4-11: The occurrence of A) human metapneumovirus (hMPV), B) rhinovirus (HRV) A, B, 
and C, and C) coronavirus (includes OC43 and 229E/NL63 strains) by week from October 1, 2013 
to September 30, 2014, as determined by test results from the multiplex PCR assay and FluWatch 
data. 

The occurrence of the test results for hMPV, HRV A, B, and C, and coronaviruses OC43 and 229E/NL63 
determined by multiplex data from this study (blue bar graphs) were plotted by week and compared to the 
test results for hMPV, HRV A, B, and C, and coronaviruses determined by FluWatch (red line graphs) in 
A, B, and C, respectively. FluWatch data was plotted on the right axis and arrows were used to indicate 
when the peak number of cases was observed. 
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Lastly, cases of adenovirus and PIV 1 through 4 were also assessed for seasonality (Appendix H). 

Unfortunately, the sample size for both adenovirus and the parainfluenza viruses was too low to make any 

true judgments regarding the seasonality in addition to the lack of a defined trend observed by FluWatch, 

with the exception of PIV 3. The majority of PIV 3 cases that were detected had occurred between weeks 

14 and 24, which were similar in terms of the time of year PIV 3 was captured by FluWatch data, which 

exhibited a peak at week 22. 

 

4.7 Evaluating self-swabbing as a feasible method for the detection of influenza A and influenza B 

viruses 

A total of 664 out of 666 specimens were successfully tested over the course of the year. Eighty-

seven specimens tested positive for influenza (27 influenza A and 60 influenza B) corresponding to a 

13.1% positivity rate. In comparison, FluWatch had a very similar overall positivity rate of 13.7% in 

Ontario for the same time period. In contrast, when only the samples from participants who were recruited 

during peak influenza season (December 2013 to March 2014) are considered, an 18.6% positivity rate 

was observed (60 positives: 27 influenza A and 33 influenza B). Again, this highly resembled the Ontario 

data from FluWatch, which had an overall positivity rate during peak influenza season of 18.4%. 

Furthermore, the samples that tested positive for influenza A underwent further testing to determine the 

subtype. The results revealed that the majority (25 of 27) of the influenza A samples were positive for the 

A(H1N1)pdm09 subtype, one sample was positive for the H3 subtype, and one sample yielded an 

indeterminate result. A visual overview of the influenza virus test results has been outlined in Figure 4-12.  

Furthermore, 14 of the 27 positive influenza A samples and 31 of the influenza B samples were 

sent to the NML for antigenic strain characterization. Unfortunately, 51% of the samples sent did not have 

a sufficient titre to undergo strain characterization via the hemagglutination inhibition assay; however, the 

samples that could be tested yielded the following results: 7 of the 14 influenza A samples were tested and 

found to be A/California/7/2009 (H1N1), and 15 of the 31 influenza B samples were tested and found to  
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Figure 4-12: A breakdown of the percentage of participant samples that were tested using the real-
time RT-PCR assay for influenza A viruses (FluA) and influenza B viruses (FluB), in addition to the 
subtyping results for influenza A viruses; i.e., p(H1N1)09, H3, and “indeterminate”.  

An overview of the test results for influenza A and influenza B viruses corresponding to the 664 
participant specimens that were tested. Four-percent (n = 27) of specimens were positive for influenza A, 
9% (n = 60) were positive for influenza B, and 87% (n = 577) were negative for both influenza A and 
influenza B. The majority of the influenza A viruses (92.6%) were the p(H1N1)09 subtype, one positive 
influenza A specimen determined to be the H3 subtype, and the last influenza A specimen returned an 
indeterminate result. 
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be B/Massachusetts/2/2012-like. These results are consistent with the overall results for Canada during the 

2013/2014 influenza season, as reported by the NML (Table 4-4). 

The level of agreement corresponding to the results obtained by the multiplex PCR assay and the 

standard real-time RT-PCR assay was also investigated. Four of the samples from the multiplex PCR 

assay were eliminated from this comparison due to data entry errors, leaving a total of 627 samples 

available for comparison. Of the 627 samples, 19 samples tested positive for influenza A by both methods 

and 600 tested negative by both methods, corresponding to a kappa statistic of 71% (95% CI: 55.32-

86.68%), which is indicative of a moderate level of agreement between the results. The same test was 

performed for samples that tested positive for influenza B viruses based on 54 samples that tested positive 

by both methods and 566 samples that tested negative by both methods. The corresponding kappa statistic 

was 94% (95% CI: 90.08-97.92%) indicating a very strong level of agreement between the two testing 

methods for influenza B viruses. In summary, self-swabbing was considered an appropriate method for 

obtaining and testing samples for influenza A and influenza B viruses, as indicated by the level of 

agreement between the two methods of detection. 

 

4.8 Operational assessment based on surveillance system timeline 

The operational aspect of the self-swabbing surveillance system involves various time points that 

have an impact on the reporting delay. To provide a more comprehensive description of the system’s 

ability to detect circulating respiratory viruses in a timely manner, the efficiency of the self-swabbing 

surveillance system was analyzed based on time measurements between various time points in the process. 

Descriptive statistical analyses were used to describe this aspect of the study for the time points described 

in Figure 3-3 (Table 4-5). The mean number of days between the ‘call date’ and ‘return date’ was 10.4 

days and the median was 8.6 days. The corresponding minimum and maximum number of days for this 

interval was 2.2 and 86.6 days. For a more accurate description of the turnaround time, the time between 

the ‘mail out date’ and ‘return date’ was calculated, which had a slightly lower mean and median of   
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Table 4-4: NML influenza strain characterization results for the 2013/2014 season, based on viruses 
received from Canadian laboratories.   

Number of 
viruses 

Influenza 
virus subtype 

Number of 
viruses Strain characterization result 

192 H3N2 191 A/Texas/50/2012 

  1 reduced titers with antiserum produced against 
A/Texas/50/2012 

1404 H1N1 1402 A/California/7/2009 

  2 reduced titers with antiserum produced against 
A/California/7/2009 

895 B 865 B/Massachusetts/2/2012 

  30 B/Brisbane/60/2008-like 
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Table 4-5: An overview of the descriptive statistical analyses used to characterize the operational 
component or reporting delay inherent to the self-swabbing surveillance system. 

 Statistic 
‘Symptom 

start date’ to 
‘call date’ 

‘Call date’ to 
‘collection 

date’ 

‘Call 
date’ to 
‘return 
date’ 

‘Mail out 
date’ to 
‘return 
date’ 

‘Collection 
date’ to 

‘return date’ 

n 624 628 726 726 627 

mean (days) 4.4 6.1 10.4 9.5 4.9 

median (days) 3 5 8.6 8 4 

min (days) 0 2 2.2 2 1 

max (days) 55 62 86.6 86 52 
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9.5 days and 8.0 days, respectively. The minimum and maximum number of days for this interval was the 

same as the time between the call date and package return date. 

On average, participants waited 4.4 days between the onset of symptoms (‘symptom start date’) to 

their call to the THHL (‘call date’). The median for this interval was slightly lower at 3.0 days, and the 

minimum and maximum number of days are 0 and 55; however, the majority (94.87%) of participants for 

which data is available called less than two weeks after symptom onset. Furthermore, more than half of 

participants (57.37%) called within 3 days of symptom onset. After participants called the THHL, it took 

an average of 6.6 days to collect the nasal swab, or a median of 5.0 days. The minimum and maximum 

days between call and swab collection were 2 and 62 days. Lastly, the mean number of days between 

swab collection (‘collection date’) and returning a package to the testing laboratory (‘return date’) was just 

under 5 days (4.9 days) or a median of 4.0 days. The fastest time between swab collection and returning a 

specimen was one day and the maximum was 52 days. It is important to note that the maximum value is 

an outlier and does not reflect the distribution of this time interval. Approximately 90% of the specimens 

received at the laboratory with a swab collection date reported were received within 8 days, and 25% were 

received within 3 or less days.  

 

4.9 Investigating the effect of turnaround time on viral load 

To further evaluate the feasibility of using self-swabbing to test for influenza A and influenza B 

viruses, the correlation between Ct value of a sample derived from the real-time RT-PCR results and the 

time from ‘symptom start date’, ‘call date’, and ‘collection date’ to ‘return date’ was evaluated. It was 

hypothesized that the delay in testing due to the turnaround time associated with this study may 

consequently lead to a reduced ability to detect influenza viruses in a participant sample. This hypothesis 

was based on the possibility of the sample degrading over time, especially while in transit, which would 

theoretically contribute to a higher Ct value (or lower viral load). A total of 91 samples were used for 

these analyses, which included all samples that crossed the cycle threshold, whether they were interpreted 

as a positive, negative, or indeterminate result. Three samples were excluded for the analysis 
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corresponding to ‘collection date’ to ‘return date’ (n = 88) and one sample was excluded for the analysis 

corresponding to ‘symptom start date’ to ‘return date’ (n = 90) due to missing data. The correlation 

coefficient (r) for the Ct value and: ‘symptom start date’ to ‘return date’, ‘call date’ to ‘return date’, and 

‘collection date’ to ‘return date’ was 0.115, 0.182, and 0.068, respectively (Figure 4-13). The results 

indicate a weak to nonexistent correlation, as defined by a correlation coefficient between 0 and 0.20, 

between the increased amount of time to submit a specimen to the testing laboratory and a higher Ct value, 

in the context of this study, meaning transportation time did not have a significant impact on the 

likelihood of virus detection by molecular methods. 
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Figure 4-13: Exploring the correlation between specimen testing turnaround time and an increased 
Ct value (or lower viral load) using all specimens that were tested for influenza viruses and yielded 
a Ct value; includes both influenza A (FluA) and influenza B (FluB) viruses. 

(A) The Ct value was plotted against the number of days from “symptom start date” to “return date” 
and no relationship was found between the two variables based on the correlation coefficient (r = 
0.015). 

(B) The Ct value was plotted against the number of days from “call date” to “return date”. No 
relationship was found between the two variables based on the correlation coefficient (r = 0.182). 

(C) The Ct value was plotted against the number of days from “collection date” to “return date”. No 
relationship was not found between the two variables based on the correlation coefficient (r = 
0.068). 
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Chapter 5 

Discussion 

5.1 The efficacy of the self-swabbing surveillance system as an adjunct tool for surveillance systems 

in Ontario 

 The premise behind this study was to create and evaluate a system designed to monitor influenza 

viruses in Ontario within a population that is typically missed or underrepresented (that is, community-

based) by current surveillance practices; thereby, providing complementary surveillance data regarding 

respiratory illness in Ontario. In an effort to complete this evaluation, the self-swabbing study all 

participants group was compared to, and contrasted with, the population that is typically captured by 

PHOLD. Subpopulations of the participant population were also used for the comparison, which included 

the response group, and, the response with consent group. These populations were examined based on: 

age and gender, the size of the population centre in which they reside (“residential environment”), and the 

level of marginalization they were associated with.  

 Age and gender were explored in order to assess the populations captured by the self-swabbing 

initiative. The distribution of the participant population using the all participants group is equally 

distributed when only gender and age (by adult versus child, defined by the age of consent) are 

considered, excepting the adult population, which is skewed towards females (36% female versus 15% 

male). This is reflective of the proportion of callers who are female that were asked to participate by the 

THHL service and by the population that tends to use Ontario’s THHL in general (68). The distribution of 

the response with consent group is essentially equal among adult males, and children of both genders 

(ranges from 16% to 19%), but biased towards female adults again, who represent 46% of the population 

that returned a package with consent. These findings are likely due to the widely accepted notion that 

females are generally more likely to seek health care services than males (19). The distribution by age and 

gender was further evaluated using more discrete categories, which were defined based on the age 

categories used in PHO Laboratory-Based Respiratory Pathogen Surveillance Reports. Two key 
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differences were observed in the populations under investigation, the first being that the majority of the 

adult population participating in the self-swabbing study was under the age of 65, in contrast to the adult 

population captured by PHOLD, which is predominantly persons aged 65 and above. This might be 

explained given the PHOLD is based predominantly on submissions from hospitals and outbreaks in long-

term facilities, which accounts for the large elderly population captured (43)(Appendix I). The second 

difference of note was between the two to four year age group corresponding to each population, which 

accounted for 28.62% of the self-swabbing study and 5.47% of the PHOLD population. These differences 

may suggest that the self-swabbing study was a more accessible or convenient means of seeking health 

care for parents with young children, and/or for working adults who perhaps have difficulty making 

arrangements to seek direct care with a health care practitioner. As well, these results indicate that the self-

swabbing study was successful in terms of sampling a population that is underrepresented by other means 

of surveillance, namely PHOLD surveillance. 

 The participants of the self-swabbing study were further compared to the population captured by 

PHOLD in terms of their distribution by population centre class; that is, whether they reside in a rural 

area, or small, medium, or large population centre. Definitions for each group can be found in section 

3.10.  It was hypothesized that the self-swabbing study population would be comprised of a higher 

proportion of people living in rural areas or small population centres given the accessible nature of a 

THHL as an alternative to seeking direct care from a HCP. Although the percentage of both the response 

group and response with consent group that reside in a rural area was slightly higher than the 

corresponding value for PHOLD (15.84% and 16.52%, respectively versus 15.20%), the difference 

observed was not statistically significant. This suggests that the population of participants who returned a 

package was similar to that of the PHOLD population in terms of the proportion of those who reside in a 

rural area. In contrast, the proportion of persons residing in a rural area from the all participants group 

(13.06%) was found to be significantly different and less than the proportion corresponding to the PHOLD 

population (15.20%). The proportion of those from a rural area or small population centre were also 

combined and compared. The percentage of the population captured by PHOLD (25.65%) was greater 
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than each of the groups associated with the self-swabbing study used for analysis, yet this difference was 

only significant for the comparison to the all participants group, which was 3.98% lower than the PHOLD 

(χ2 = 18.4140, p < 0.001). Additionally, the difference between the proportion of the response and 

response with consent groups from a rural area or small population centre and the proportion of all 

participants was found to be statistically significant different as well (χ2 = 3.94, p = 0.047 and χ2  = 4.22, p 

= 0.040). In short, the self-swabbing study was no more successful than PHOLD in terms of capturing a 

population that resides in a rural area or small population centre. However, the difference in the 

populations that followed through with the study and returned a package suggests that the self-swabbing 

surveillance system remains a potential tool for surveying these particular groups of people residing in 

relatively rural areas, perhaps as a result of limited access to health care services in rural regions. 

 Utilizing data from the ON-Marg, the self-swabbing study population was further characterized by 

the level of marginalization and compared to PHOLD. The ON-Marg is a valuable tool for exploring 

relationships between social disadvantage and health outcomes based on four measures: residential 

instability, dependency, material deprivation, and ethnic concentration. The mean factor score was 

calculated for the self-swabbing study and corresponding subpopulations and for the population captured 

by PHOLD. The aim of this exploratory analysis was to determine the predominant status of those who 

accessed self-swabbing versus those who accessed testing via other means, in the context of social 

disadvantage. Using the data from the ON-Marg, those who accessed testing through a health care 

provider, as captured by the PHOLD were associated with a higher level of marginalization, as indicated 

by a relatively higher mean factor score in comparison to the self-swabbing study population and 

associated groups. This was true for all four dimensions of the index, which include dependency, 

residential instability, deprivation, and ethnic concentration. There was a significant difference for all 

comparisons between PHOLD and the self-swabbing study groups, with the exception of the ethnic 

concentration dimension for all participants, and for all of the comparisons associated with the residential 

instability dimension.  
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Interestingly, the mean factor score for ethnic concentration of all participants closely resembled 

that of the PHOLD population in contrast to the mean factor score associated with the response and 

response with consent groups, which had lower mean scores and were significantly different (p = 0.0191 

and 0.0074, respectively). This may suggest that the self-swabbing study did not capture a population 

subject to greater social disadvantage than other systems, although certain factors related to social 

disadvantage like ethnicity may have impacted response rate. The ethnic concentration dimension is 

defined by two indicators; namely, the proportion of the population who are recent immigrants (arrived in 

the five years prior to census) and the proportion of the population who identify as a visible minority, both 

of which may have acted as a barrier in terms of follow-up and returning a self-swabbing package (94). 

Also of note was the similarity in the mean factor scores for the residential instability dimension. This 

dimension is defined by indicators such as the proportion of the population living alone, who are not 

youth, and who moved during the past five years, in addition to the proportion of dwellings that are 

apartment buildings or not owned. These indicators seem to describe the living situation for many who 

reside in a large population centre or city centre and have been interpreted as a reflection of the majority 

of participants residing in the aforementioned areas. Lastly, the largest distinction observed between 

PHOLD and the self-swabbing study population was in terms of the dependency dimension, where the 

difference in mean factor scores ranged from 0.2901 to 0.3082 (note that the scale ranges from -0.5 to 

0.5). The indicators corresponding to this dimension typically describe the elderly population, as they 

include: the proportion of the population who are aged 65 and older, the dependency ratio (total 

population of age 0 to 14 and 65+/total population of age 15 to 64), and the proportion of the population 

not participating in the labour force (aged 15+) (50). Based on these indicators, the higher mean score 

associated with PHOLD in comparison to the subpopulations of the self-swabbing study can be attributed 

to the difference in age of the populations based on the institutions that submit specimens for testing, as 

described previously.  

 In summary, the self-swabbing surveillance system clearly captured a different population in 

terms of age when compared to the PHOLD suggesting that adults under the age of 65 and children under 
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the age of 10 would not be routinely surveyed when no self-swabbing option is available. Thus, the self-

swabbing system would have added value given it adequately captured these populations and thus better 

informs data on circulating respiratory viruses in these additional populations for Ontario. It should be 

noted that a limitation of these analyses was that the equivalent data corresponding to age and gender was 

not available for FluWatch, therefore it could not be included in these analyses. In terms of reaching 

populations from a rural or small population centre, the self-swabbing study did not capture a significantly 

different population from PHOLD; however, the response and response with consent groups included a 

significantly higher proportion of participants from these areas, which may suggest that the use of the self-

swabbing surveillance system is more desirable based on follow-up behaviour. Lastly, the self-swabbing 

study consisted of a population that was less marginalized overall compared to PHOLD; however, the 

investigation of the marginalization corresponding to the population that was captured by this study did 

provide insight into potential issues involving the accessibility of the self-swabbing system for areas that 

are associated with a higher proportion of persons who are new to Canada or who identify as a visible 

minority.  

 

5.2 The ability of the self-swabbing surveillance system to capture circulating respiratory viruses in 

a timely manner  

 As discussed in section 2.2.6, the use of a THHL as a syndromic surveillance tool for respiratory 

illness has been shown to provide advanced warning for the start of an outbreak. By way of this method, it 

was hypothesized that the self-swabbing surveillance system may have been capable of detecting 

circulating respiratory viruses earlier relative to other surveillance systems, which include FluWatch, 

PHOLD surveillance, and the ACES system. This was evaluated using peak comparison methods for 

weekly case counts of influenza A virus and for influenza B virus.  

 The performance of the self-swabbing surveillance system for monitoring influenza A viruses was 

less than what was anticipated as the maximum number of cases occurred later than all other systems in 

question. The number of nurses increased over the course of the study, particularly during the height of 
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influenza A season, which likely had an impact on the data as was determined by the estimated number of 

participants recruited had the same number of nurses been used consistently throughout the study. When 

the raw case count was used for analysis, the self-swabbing study was a minimum of five weeks later than 

any other system, but when the numbers were adjusted to account for the increased number of nurses, the 

peak detected by the self-swabbing study was found to occur at the same time as FluWatch during week 2 

and one week later than PHOLD and ACES. The lack of recruiting experience among the nurses early in 

the study versus much later, may also have impacted these outcomes, such as evidenced by the more 

successful monitoring of influenza B virus using both the raw and adjusted datasets for the number of 

recruiting nurses. FluWatch, PHOLD, and the self-swabbing study reached a maximum number of cases 

during week 15, while the ACES system exhibited a small, less defined peak one week later during week 

16. Furthermore, both FluWatch and the self-swabbing surveillance system detected an initial, smaller 

peak in the number of cases during week 9 that was not captured by PHOLD. This suggests that the self-

swabbing study may be capable of generating data regarding circulating influenza B viruses that would 

complement other systems currently in practice. Another interpretation of these findings could be that a 

better description of influenza B virus was resultant of the proportionally younger population captured by 

the self-swabbing study compared to PHOLD, as certain studies have shown that the mean age of persons 

infected with influenza B to be lower than the mean age for persons infected with influenza A (36). 

Additionally, reports suggest that infection with influenza A viruses lead to an increased number of 

hospitalizations than infection with influenza B viruses do (36). This fact further supports that the self-

swabbing surveillance system may have been better suited to capture persons infected with influenza B 

viruses as persons requiring hospital-related care would not have been captured by this study based on the 

recruitment criteria, which selects for cases associated with less severe illness. 

 The week corresponding to a positive test determined by the self-swabbing study was based on the 

day the specimen was tested for influenza A and influenza B viruses. Had the call date been used instead, 

which occurred an average of 10.4 days earlier, early detection of respiratory viruses as an outcome would 

have been more likely to occur. Having said that, the test date was selected for use in this study as it 



 83 

corresponded to the time at which a confirmatory test result was obtained thus providing reliable 

surveillance data concerning influenza viruses. In order to consider implementing the use of the call date 

instead, it is recommended that investigation into the reliability of using pre-diagnostic data, and the 

considerations that would need to be taken into account to use this data, should be performed. In addition, 

the average number of days from call date to collection date and mail out date to return date was 6.1 and 

9.5 days, respectively. It is difficult to control for the amount of time it takes to transfer a specimen, but it 

is important to note that only one testing site was used for this study. As a result, samples were required to 

travel from across the entire province of Ontario to this single site as opposed to having multiple, more 

readily accessible, sites available for specimen submissions. As such, it is likely that given the proximity 

of the testing site to the participant, employing multiple testing sites distributed throughout the province 

would consequently lead to a significant reduction in the time from sample collection, to shipping, to 

processing, for these other samples. Another intervention that could be used to reduce the time taken to 

obtain data for the surveillance system would be to not only include multiple testing sites, but multiple 

sites for participants to return the self-swabbing packages to. For example, pharmacies or local PHUs 

could facilitate the transportation of packages to testing sites by acting as a pick-up/drop-off location for 

the self-swabbing packages. By making these adjustments to increase the proximity of the testing site to 

the participant, this would likely improve the efficacy of self-swabbing as an early detection method for 

surveillance. The magnitude of such improvements is recommended for future investigation. 

 While addressing the timeliness of the system, it is also worth considering that the surveillance 

system under study was not associated with any advertisements or follow-up reminders to prompt 

participants to return a package. The participant following through with the study was reliant on the 

participant remembering to act once a package was received. Given the relative success of the surveillance 

system as is, it would be valuable to investigate whether incorporating a follow-up procedure into the 

study, such as an automated e-mail or phone reminder, would have an impact on improving the response 

rate and reducing the time it took for participants to return a package.  
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5.3 Self-swabbing as a practical tool for obtaining viable specimens for surveillance 

 The use of self-collected nasal swabs for influenza virus, and more broadly respiratory virus 

sampling, was explored in this study. The data generated suggests that self-swabbing is a feasible method 

of specimen collection as a positive result for influenza viruses using real-time RT-PCR was determined 

for 13.1% of the 664 specimens tested, and a positive result for any of the 15 respiratory viruses that were 

tested for in this study was determined in 40.7% of the 664 specimens tested by the real-time RT-PCR 

and/or the multiplex PCR assay. This is in line with similar studies that have investigated self-collection of 

samples for respiratory virus collection. As an example, one study compared the outcome of the results for 

nurse-obtained NPS and self-collected midturbinate swabs, which were taken from adults who self-

reported influenza-like symptoms (44). Testing was performed using the Seeplex RV12 multiplex PCR 

detection kit for influenza A and B, RSV A and B, PIV 1, PIV 2, PIV 3, human coronavirus 229E/NL63, 

human coronavirus OC43/HKU1, rhinovirus A and B, adenovirus and hMPV. The study determined a 

positive result in one or both swabs for 38% (29 out of 76) of the specimens, 22 of which identified the 

same result using both methods. Similarly, another study compared test results for self-collected nasal 

swabs and swabs taken by a health care worker but only tested for influenza A and influenza B viruses, 

which resulted in a 34.7% positive rate among the 72 samples tested and no significant difference in the 

positivity rate by either method of sampling (21). The 13.1% positivity rate for influenza viruses in the 

self-swabbing study includes all specimens from October 1, 2013 and September 30, 2014. When 

including only those specimens collected during peak influenza periods, December through March, the 

positivity rate increases to 18.6%, which is comparable to the other surveillance systems assessed. This 

suggests that despite a seemingly low positivity rate, it was likely an accurate description of the viruses 

present in participant samples based on previous studies of similar work, which further supports self-

swabbing as a viable methodology for viral sampling and surveillance purposes. 

 Recruitment criteria also played a role in increasing the number of participant specimens that 

tested negative for influenza. Originally, the recruitment inclusion criteria based on symptomology 

included “acute onset of respiratory illness with fever and cough”, but was later expanded to capture a 



 85 

wider range of respiratory illness by changing the criteria to include any of the following four symptoms: 

fever, cough, coryza, or sore throat. Although this resulted in an increased number of participants, which 

was the intended outcome of broadening the symptomology requirements for participation in this study, 

the rate of negative tests also increased. This is likely given the lesser correlation with these symptoms 

and influenza virus infections; however, it is interesting to note that evaluations of ILI as a predictor for 

influenza have also shown it to be poorly correlated with influenza confirmed disease. Symptoms based 

on medical records and self-reported information were assessed in a study by (6) with both “fever and sore 

throat” and “fever and cough and (sore throat or muscle aches or fatigue)” strongly associating with a 

positive PCR result for influenza (OR > 9.0); however, “fever and cough” had the highest positive 

predictive value (0.95) of all the symptom profiles evaluated. In another study that tested persons with 

clinical evidence of acute respiratory infection, it was determined that the best multivariate clinical 

predictor of influenza infection was a combination of fever and cough (OR = 2.24), although it also 

concluded that all of the clinical data analyzed had a poor positive predictive value (57). Therefore, the 

study recommended that less restrictive criteria should be followed for surveillance purposes, which 

supports the methodology and results found in the self-swabbing study.  

 To collect specimens that could be used to test for respiratory viruses, participants were requested 

to perform their own nasal swab and then ship it back to the laboratory in Kingston, Ontario, using prepaid 

packaging provided with the self-swabbing kit. The experience level of a participant with regards to 

obtaining a nasal specimen for viral detection methods cannot be assumed and could potentially contribute 

to poor sample quality. Despite this fact, and taking into consideration the broad symptom criteria for 

recruitment, the positivity rate for influenza viruses was found comparable to those taken by a HCP, based 

on the FluWatch findings. Furthermore, of the 27 positive influenza A samples that were subtyped, 26 

yielded a result, which supports self-swabbing as a viable methodology for viral sampling and detection of 

nucleic acids using molecular methods.  

The reporting delay inherent to the self-swabbing surveillance system that was highlighted by the 

results from the operational assessment based on the timeline (section 4.8) was hypothesized to have a 
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negative impact on the viral load or likelihood to detect a specimen positive for influenza virus. This was 

evaluated through an analysis of the correlation between Ct value, an indicator of viral load, and the 

number of days from symptom start date, call date, and collection date to return date; however, none of the 

timelines that were investigated suggested the existence of a correlation between the respective variables 

(0 < r < 0.2). The pilot study on linking surveillance to self-sampling by Cooper, et al. (17) reported a 

mean time between the call to NHS Direct and swabbing of 4.1 days and mean time between the call and 

sample testing of 7.4 days. The study also reported a 16.2% positivity rate for influenza viruses. In 

comparison, the corresponding times for the self-swabbing study were higher but similar, with 6.6 days 

between call and swabbing and 10.4 days between call and sample testing. Taking the Ct value evaluation 

and comparison to the NHS Direct study, the reporting delay as a result of the operational aspect of the 

system was not considered a negative factor on the positivity rate for influenza viruses determined in this 

study, and therefore is also supportive of self-swabbing as a viable tool for viral sampling and surveillance 

purposes. 

 

5.4 Multiplex PCR results further support self-swabbing for viral sampling and provision of 

complementary surveillance data on circulating respiratory viruses in Ontario 

In order to explore the array of viruses amenable to surveillance using the self-swabbing system, 

all samples collected and tested for influenza A and B were also tested for an additional 13 respiratory 

viruses. Self-sampling proved to be a viable testing option for other viruses as indicated by the results 

from the multiplex PCR assay, which found a positive test result for at least one virus other than influenza 

in 30.7% of the participant specimens; the overall positivity rate by the multiplex PCR assay including 

influenza viruses was 40.7%, as described in section 5.3. The frequency of human coronaviruses was 

among the highest of those included in the multiplex panels, with 25 and 17 positive tests for coronavirus 

229E/NL63 and coronavirus OC43, respectively. Contrary to previous views on coronavirus infection, 

which was thought to be associated with a mild, cold-like illness, recent studies have described that the 

symptomology is actually quite significant and may lead patients to seek a clinical diagnosis for more 
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severe symptoms and influenza-like illness (76). In addition, seasonal similarities exist between influenza 

viruses and coronaviruses that would also be cause for the higher frequency of coronavirus among the 

participant samples (10, 30). Of further interest is the frequency at which RSV was found among the 

participant specimens, with 12 and 19 positive tests for RSV A and RSV B, respectively, the symptoms of 

which can be difficult to distinguish clinically from influenza (96). Particularly high case counts for HRV 

A, B, and C and HEV were also revealed in the multiplex results, with 55 and 23 cases, respectively. 

Various studies that have highlighted the occurrence of HRV and HEV among patient samples collected 

for ILI provide support for these findings, similar to what was discussed regarding coronaviruses (9, 29). 

In addition to the observed frequency of detection of other respiratory viruses, timeliness of detection 

relative to the seasonal trends reported by FluWatch was also investigated. For most viruses, the number 

of cases was too small to allow analysis; however, it was possible for coronaviruses, RSV, and hMPV, 

which peaked at weeks 5, 6, and 12, respectively. It should be noted that these peaks also coincided with 

times of high rates of participation in the study. Not only does the clinical definition of these viruses 

resemble that of influenza, but also similarities in the seasonality have been reported and reinforced by the 

findings of this study (10). In summary, the multiplex PCR results add to the value of the self-swabbing 

study as shown by the ability to detect an array of viral pathogens, which also serve as a source of 

additional surveillance information concerning the circulation of common respiratory viruses in Ontario. 

 

5.5 Concluding remarks 

A THHL mediated self-swabbing surveillance system has proven useful as an adjunct surveillance 

tool for influenza viruses in Ontario. This surveillance system was hypothesized to appeal to or capture a 

population that was inherently different in terms of age, gender, place of residence, and level of 

marginalization, from the population that was captured by current surveillance practices in Ontario, 

namely PHOLD. The differences that were observed through the analyses of the populations of interest 

highlighted certain groups of people who would benefit from the self-swabbing service. These populations 

include people residing in an area of greater ethnic concentration, and those between the age of 20 and 64 
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or under the age of 10. Moreover, it is important to note, that those who were tested via the self-swabbing 

system, were not likely to be tested by any other system, as they were typically of a category not ill 

enough to seek care at a health care facility or from a health care provider based on the recruitment criteria 

for this study. This fact alone broadens the reach of influenza surveillance to a population not otherwise 

surveyed, enabling the provision of additional demographic data for influenza virus surveillance in 

Ontario. Although the self-swabbing study population and PHOLD population were similar in many ways, 

the particular differences that were uncovered provide insight into the potential for self-swabbing as a 

surveillance tool for a subset of the population not normally captured by other surveillance methods. 

 Based on previous studies, which have indicated that Ontario’s THHL was capable of early 

detection of respiratory illness in Ontario based on syndromic surveillance practices, it was hypothesized 

that the self-swabbing study would also be capable of early detection of circulating respiratory viruses 

with the added value of being linked to a laboratory confirmed test. The resulting analyses lead to the 

conclusion that the self-swabbing study was able to capture seasonal trends of influenza viruses, 

particularly influenza B, at the same time as other sources of surveillance data in Ontario, but the only 

source that it was ahead of was ACES. There were a number of limitations surrounding the operational 

aspect of this study, two of which include only using one testing location and lack of follow-up with 

participants after a self-swabbing package was sent out from the Kingston laboratory. Despite these 

limitations, the self-swabbing surveillance system was still able to detect the seasonality of influenza 

viruses, and therefore may suggest that the potential of this novel surveillance system has not yet been 

reached.  

 Lastly, this study demonstrated that self-swabbing was a viable surveillance and practical 

sampling method that could be used to sample and test for influenza viruses, in addition to 13 other 

respiratory viruses, using molecular detection methods. Whether the specimens that returned a negative 

test result ever contained a targeted viral specimen will remain unknown due to the study design used; 

however, the positivity rate was found to be comparable to similar studies, which further supports the 

evaluation of self-swabbing as a valuable tool for community-based surveillance of influenza.   
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In conclusion, this one-year pilot study, which explored the use of obtaining specimens viable for 

testing and collected by self-swabbing through the use of a THHL, has been shown to be a practical 

method for monitoring influenza viruses in Ontario. Self-swabbing mediated by a THHL also has the 

added benefit of reducing the number of visits to physician’s offices and emergency departments, which 

would in turn contribute to the reduction of the rate of viral transmission in a community. Furthermore, 

based on its ability to capture community-based cases in a timely manner, it would be a beneficial addition 

the surveillance of influenza viruses in Ontario, and thus the use of a surveillance practice similar to the 

one described in this study is recommended for future implementation.  
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Appendices 

Appendix A. An example of the literature associated with a self-swabbing package for a child 

(person under the age of 16). 

The package includes: a letter of information about the study, a consent form and an assent form (assent 

form is not included in self-swabbing packages for adults), instructions for participation, and a 

questionnaire. Note: the language used in the child self-swabbing package differs slightly from the adult 

self-swabbing package as it is directed to a consenting parent or guardian.   
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Letter of Information and Consent to Participate in a Research Study  
 

You consented to have a testing kit sent to you on behalf of your child as a participant in a 
research study. This study is being conducted by Dr. Anna Majury, Clinical Microbiologist at the 
Ontario Agency of Health Protection and Promotion and Assistant Professor, Department of 
Biomedical and Molecular Sciences at Queen’s University of Kingston in collaboration with the 
Ontario telephone health help line service provider. Before you agree to have your child take part 
in this study, it is important that you understand what the study is about. Please read this 
information carefully and ask any questions that you may have.  
 
Title of Research Project: Linkage between Laboratory and Epidemiologic Surveillance as 
an early alert for influenza activity using Self-Testing results from callers to Ontario’s 
telephone health help line. 
 
Principal Investigator:  Dr. Anna Majury 
    Phone: 613 548 6630  Email:  anna.majury@oahpp.ca 
Project Team Members: Dr. Jonathan Gubbay 
    Dr. Kieran Moore 
    Anne Winter 
    Dr. Geoffrey Hall 
    Dr. Paul Belanger 
    Adam Jones 
 
Sponsor: 
This study is being funded by the Public Health Agency of Canada 
 
Introduction:  
We are doing this study to determine if callers to Ontario’s telephone health help line, who have 
flu symptoms, and do their own nose swabbing, can help us find flu sooner than the current 
available methods. The study also hopes to increase knowledge of which ‘flu’ viruses are active in 
communities and to build Canada’s capacity to identify, respond to and recover from influenza 
outbreaks including pandemic influenza. Moreover, this study is unique in that the participant can 
choose to take his/her child’s sample and submit via mail to the Public Health Ontario Laboratories. 
 
Purpose:  
The purpose of this study is to determine if self swabbing for influenza by callers to Ontario’s 
telephone health help line with flu-like symptoms will help in detecting the arrival of influenza 
in the province of Ontario faster.  
 
Participation:  
Participation is entirely voluntary and you may choose to have your child participate and you 
may also choose to withdraw your child at any time. Even if you agree to have a self-test kit sent 
to you, you may still choose not to take or submit the swab on behalf of your child or answer the 
questionnaire. There will be no penalties for refusing to participate. You can withdraw your child 
from the study at any time without interfering with your child’s access to health care services or 
Telehealth. 
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Swab Test Results 
The results of this test are intended for research purposes. You are asked to provide a daytime 
phone number to be contacted with your child’s results.  Only participants whose swabs test 
positive will be contacted. There is a space at the bottom of the consent form for this. Should you 
not provide contact information, your swab will still be tested. However, it is highly 
recommended to provide information for appropriate public health follow-up. Influenza is a 
reportable disease and so a positive test result, together with your child’s full name, gender, date 
of birth and address, will be reported to your local Medical Officer of Health (determined by 
your provided address) for public health purposes.  
 
If you are interested in participating, you will be asked to do the following: 

• Complete the enclosed questionnaire and return it in the pre-paid, pre-addressed envelope 
provided.  

• Self-swab your child’s nose, using the instructions included. This includes inserting the 
swab into your nose and rotating it for 3-5 seconds. 

• Package the swab based on the instructions provided (included in your kit) and return it 
to the laboratory in the prepaid envelope provided.  

• The total time for swabbing, and completing the paperwork is estimated to be 15 minutes.  
• Sign the enclosed consent and assent forms and include them in the envelope for mailing. 

Swabs will only be tested if both an assent and parental consent form are returned for 
children under the age of 16. Above the age of 16, personal consent is required.  

• The return package can be mailed at any Canada Post postbox or post office. 
 

The questionnaire will contain questions on your child’s flu-like symptoms, flu shot history and 
your opinions on self swabbing and mailing the sample. You can choose to skip any question if 
you do not wish to provide the information. 
 
Potential Benefits 
There are no direct benefits to participating in this study, however the information gained from 
your child’s participation will provide scientific information on the emergence and commonness 
of influenza in Ontario, in order to better manage influenza season in support of improved 
overall health for the population. 
 
Potential Risks:   
Your child may experience very modest discomfort as a consequence of placing the swab inside 
his/her nose. 
 
Compensation:  
You will not be compensated for your participation.  
 
 
Access to Information, Confidentiality and Results Publication:  
All information and the specimen that you provide will be kept strictly confidential and stored 
separately from identifiable information, including your child’s first name, last name, address, 
age and gender. Each participant will be assigned a unique identifier, ensuring anonymity. Only 
the prinicipal investigator and members of the study team will have access to the information 
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you provide for your childAll information will be encrypted, and stored separately on a secure 
password protected institutional network at Public Health Ontario that is not accessible to 
unauthorized personnel. 
 
If your child’s swab tests positive, you will be contacted at the number provided on the consent 
form. Additionally, a positive test result, together with your child’s full name, gender, date of 
birth and address, will also be reported to your Medical Officer of Health (determined by your 
provided address) for public health purposes. At the end of the study and analysis, all specimens 
and information will be destroyed in a secure manner. 
 
The results of this study may be presented at relevant provincial, national and international 
conferences; however, no participant identifiers will be included in any presentations or 
publications. Instead, results of this study will report data from groups and not individuals. 
Manuscripts may be developed and submitted to peer-reviewed journals. No identifying 
information will be included in any written transcripts, reports or summaries of this research. 
 
Participation and Withdrawal 
Participation is voluntary and you may withdraw your child at any time by contacting the project 
coordinator listed at the end of this form, at which point the swab and questionnaire data will be 
destroyed. Once your child’s sample has been analyzed, however, their results will be grouped 
with the results of other participants, without their name, and cannot be removed from any 
reports. Please be aware that this analysis may take place as soon as 1 day after receipt of your 
sample.  
 
Research Ethics Board Contact 
If you have questions about your rights as a study participant, please contact Public Health 
Ontario’s Ethics Review Board Chair at ethics@oahpp.ca, or call the Research Ethics Officer at 
647-260-7505. 
 
Project Contact 
If you would like any additional information about this research project please contact the 
Project Coordinator, Allison Maier, BSc MPH at 613 548 6630.  
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CONSENT FORM!
Title of Research Project: Linkage between Laboratory and Epidemiologic Surveillance as 
an early alert for influenza activity using Self-Testing results from callers to Ontario’s 
telephone health help line. 
 

Principal Investigator:  Dr. Anna Majury 
Project Team Members: Dr. Jonathan Gubbay 
    Dr. Kieran Moore 
    Anne Winter 
    Dr. Geoffrey Hall 
    Dr. Paul Belanger 
    Adam Jones 
Study Contact:  Allison Maier 613-548-6630 

 

Consent: 
 

“By signing this form, I agree that: 
1. The study has been explained to me. All of my questions have been answered. 
2. The possible harms and benefits (if any) of this study have been outlined. 
3. I know what I could do instead of having my child take part in this study. I understand that I 

have the right to refuse to let my child take part in the study. I also have the right to take my 
child out of the study at any time. My decision about my child taking part in the study will not 
affect my child’s health care services from Telehealth Ontario. 

4. I am free now, and in the future, to ask questions about the study. 
5. I have been told that my child’s information and specimen will be kept private. 
6. I understand that my local Medical Officer of Health (determined by your provided address) will 

be provided with my child’s test result, full name, gender, date of birth and address if my child’s 
specimen tests positive. 

7. I understand that no identifiable information about my child will be given to anyone or be 
published.   

8. I have spoken to my child and explained the scope of their participation in the study. 
9. I agree, or consent, that my child___________________(print full name of child) may take part 

in this study.  
I will submit the signature page with the study package and will retain the information pages of this 
consent form for my own records.” 
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 
_________________________________ 
Printed Name of Parent/Legal Guardian   
 
_________________________________             __________________________________ 
Parent/Legal Guardian’s Signature                        Date  
□  I agree to be contacted if my child’s swab tests positive for influenza. I can be reached during the 

daytime at the following phone number: _______________________________! !
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ASSENT FORM 

For Parent/Guardian: 
Some children may not agree or assent to participate in this study and we ask that you respect your 
child’s wishes and ensure that you involve them in the consent process before you consent on their 
behalf. If you feel that your child is able to understand what participation entails and can appreciate the 
potential risks and benefits involved, we recommend obtaining assent in addition to parental consent on 
behalf of your child to ensure an informed and voluntary consent process. Whether or not obtaining 
assent is feasible for your child is up to your discretion. Most children under 6 years of age are not 
expected to have to respond to the assent form, but no child should be forced to participate if they resist. 
The signature page of the assent form has options for both assent received and assent not received in the 
event that your child is not capable of providing assent.  
 
To obtain your child’s assent please read the rest of this information sheet them and answer any 
questions they have. If, after reading the document with them and answering any questions, they wish to 
be a participant please sign the assent form at the end of the document. If they are able to indicate their 
preference, they have the right to refuse to participate.  
 
Information Sheet For Child: 
 
Title of Study:  
Linkage between Laboratory and Epidemiologic Surveillance as an early alert for influenza 
activity using Self-Testing results from callers to Ontario’s telephone health help line. 
 
Investigator(s):  Dr. Anna Majury 

Dr. Jonathan Gubbay 
   Dr. Kieran Moore 
   Anne Winter 
   Dr. Geoffrey Hall 
   Dr. Paul Belanger 
   Adam Jones 
   Allison Maier (Project Coordinator) 
  
Why are we doing this study? 
We are doing this study to determine if callers to Ontario’s telephone health help line, who have 
flu symptoms, and do their own nose swabbing, will help us find flu sooner than the current 
available methods. 
 
What will happen during the study? 
Your parent or guardian will put a small swab, which looks something like a Q-tip, into your nose and 
then turn it for 3-5 seconds. Then they will send it to us, along with your answers to a few questions. We 
will test the swab for influenza.   
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Are there good things and bad things about the study? 
By participating in the study, you will help us learn about how common the flu is in Ontario and 
how and when the flu spreads. This will help us manage the flu and help us improve the health of 
the people.  
 
When your parent/guardian puts the swab in your nose it may be uncomfortable or hurt, but not 
usually.   
 
Who will know about what I did in the study? 
The only people who will know about what you did in the study are the study team members. The results 
of the study may be published but none of your private information will be shared. Once the study is 
over all of your information will be deleted.  
 
Can I decide if I want to be in the study? 
Yes you can. Nobody will be angry or upset if you do not want to be in the study.  
 
Assent: 
 
“I was present when___________________________________________ (name of child) read this form 
(where child is capable). We have discussed the study and the child has agreed or assented to 
participate” 
 
 
____________________________________           ____________________________________ 
Printed Name of person who obtained assent            Relationship to the child  
 
OR 
 
“My child does not have the ability to understand the study details and therefore could not formally 
assent to participation.” 
 
_________________________________ 
Printed Name of Parent/Legal Guardian 
 
 
_____________________________________             __________________________________ 
Signature of parent/guardian Date  
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PLEASE READ ALL INSTRUCTIONS 

Please collect the nasal swab and return the package to the laboratory even if your symptoms 
have ended. Your participation in this study is greatly appreciated.  
 
CONTENTS OF PACKAGE 

• 1 paper and plastic package (labelled UTM kit) containing the swab and a tube. The 
tube will store the swab after you have taken the sample. It has a small amount of liquid 
in it and 3 beads. 

• 1 pre-paid Canada Post XPRESSPOSTTM envelope already addressed to the Kingston 
Public Health Ontario Laboratory. There is no return address on it in order to protect 
your privacy. It also has a label saying ‘HUMAN EXEMPT’ on it. It has a tracking 
number on it for you to track its progress if you want to. 

• 1 plastic bag labelled BIOHAZARD. This will be used to hold the tube during mailing. 
It has a small piece of cloth in it which will absorb any spilled liquid.  

• 1 waxed paper envelope labelled BIOHAZARD. This will hold the plastic 
BIOHAZARD bag during mailing. 

• 1 loose label with a 5 digit number on it. This will be placed on the tube once the 
sample has been collected. It is your child’s participant number to protect their identity. 

• A letter of information (3 pages) and consent form. The consent form includes a space 
for your daytime phone number to be contacted with your results.  

• An assent form for you to discuss with your child (2 pages). 
• Study instructions for swabbing your child and returning the sample (2 pages). 
• A questionnaire for you to fill out (2 pages). The questionnaire already has a label with 

your child’s participant number on it. 
 
OVERVIEW OF THE STUDY 
 
 
 
  

Patient with flu-like illness 
phones Ontario’s telephone 
health help line 

Nurse assesses patient’s 
condition. After providing 
treatment, offers participant 
opportunity to partake in study 

Self swabbing kit including 
questionnaire is mailed to 
participant 

Participant follows 
instructions for self swabbing 
and fills out questionnaire 

Participant mails swab and 
questionnaire back to 
laboratory 

Laboratory tests the swab for flu 

Results are anonymized and used 
for analyses by the study 
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INSTRUCTIONS FOR SELF-SWABBING AND RETURNING THE SAMPLE 
1. Read and sign the consent form and include a daytime phone number to be contacted at. 
2. Read the assent form with your child and sign the last page. 
3. Wash your hands well using soap and warm water. 
4. Open the first paper and plastic package. Inside will be a small tube and another package 

containing the swab. 
5. Remove the swab from the second plastic packaging and hold by the white handle. Do 

not touch the tip. 
6. Before you start to swab, be sure to identify the breaking point. 

 
7. Gently insert the swab into your child’s nose until resistance is met at the level of the 

turbinates (see pictures 1 and 2 to the right). This will be less than 1 cm for children 
under the age of 5 and 2 cm for children older than 5. 

8. Gently rotate the swab against the nasal wall for 3-5 
seconds.  

9. Remove the swab, and while still holding it between your 
fingers, unscrew the cap from the accompanying tube.  

10. Place the swab into the tube.  
11. Break the swab at the breaking point and toss the broken 

end into the garbage. The length of the swab remaining in 
the tube will be longer than the tube. 

12. Tightly screw the cap back on to the tube. There may be 
slight resistance from the top of the swab, but it will close 
tightly.  

13. Wash your hands with soap and warm water. 
14. Place the provided label (it will have a 5 digit number on it 

starting with 0) on the outside of the tube. 
15. Place the tube in the plastic bag labelled BIOHAZARD. 

The bag will already contain a small piece of white cloth. 
This will absorb any spilled liquid during transport.  

16. Follow the instructions on the bag to seal it properly. They 
are: 

This%is%the%tip%which%
inserts%into%the%
nose. 

This%is%the%
breaking%point 

This%is%the%
handle 

1 

2 
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17. Place the sealed plastic bag in the small waxed paper envelope with BIOHAZARD 

marked on it. Seal the envelope by removing the paper covering the sticky flap. Place the 
flap firmly on the back of the envelope. 

18. Complete all areas of the questionnaire. 
19. Prepare for mailing using the pre-paid packaging provided. The mailing should contain:  

" The sealed waxed paper envelope containing the tube and swab 
" The questionnaire 
" The consent form 
" The assent form 

20. Store the package in the refrigerator until mailed.  
21. Mail as soon as possible following collection. The envelope can be mailed from any 

Canada Post office or postbox. 
22. If you write down the tracking number from the envelope you mail back to us you can 

track it by going to www.canadapost.ca or calling them at 1-866-607-6301. 
 
Thank you for participating in this study! 

!
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QUESTIONNAIRE 

1. When did your child’s flu-like symptoms start: ____/______/________ (dd/mm/yyyy) 

2. What were your child’s symptoms when you called Telehealth? (choose as many as apply) 

□  Cough  □  Fever  □  Runny nose 

□  Chills  □  Muscle aches □  Joint aches 

□  Headache  □  Weakness or Exhaustion 

□  Sore throat  □  Vomiting  □  Diarrhea   

□  Other - Please specify ______________________________________ 

3. When did you collect the nasal swab sample? _____/_____/_____ (dd/mm/yyyy) 

4. What were your child’s symptoms when you took the swab? (choose as many as apply) 

□  Cough  □  Fever  □  Runny nose 

□  Chills  □  Muscle aches □  Joint aches 

□  Headache  □  Weakness or Exhaustion 

□  Sore throat  □  Vomiting  □  Diarrhea   

□  Other - Please specify ______________________________________ 

5. Did your child receive the 2012/13 (this year’s) flu shot: □Y □ N or □ Don't know. 

     If yes, when did your child receive it? _____/_____/_____ (dd/mm/yyyy)  

6. Did your child receive the flu shot in: 

2011/2012:  □Y □ N or □ Don't know. 

2010/2011:  □Y □ N or □ Don't know. 

2009/10 (the pH1N1 "pandemic flu" shot): □Y □ N □ Don't know. 

7. Does your child typically get the ‘flu shot’ every year?   □Y □ N □ Don't know. 

 

8. Does your child have a chronic condition (may include one or more of heart, lung, kidney, 

blood, and/or immune disease) □Y □ N □ Don't know. 

 

9. Has your child travelled recently (10 or less days before you got sick)? □Y □ N □ Don't know. 

If yes, was the travel: 
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□  Within Canada   

□  Outside of Canada – Please specify where: _________________________________  

□  Don’t know.  

10.  How would you rate the process of taking your child’s nose sample (please check most 

appropriate box) 

□  Very comfortable     □  Generally comfortable   

□  Somewhat uncomfortable   □  Very uncomfortable     

11.  What did you like about the option to submit your child’s sample by mail?  

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

12. What did you not like about the option to submit your child’s sample by mail? 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 
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Appendix B. Definition of “week number”, as defined by the 2013-2014 FluWatch Weeks Calendar. 

Week Start End 

   35 25-Aug-13 31-Aug-13 
36 01-Sep-13 07-Sep-13 
37 08-Sep-13 14-Sep-13 
38 15-Sep-13 21-Sep-13 
39 22-Sep-13 28-Sep-13 
40 29-Sep-13 05-Oct-13 
41 06-Oct-13 12-Oct-13 
42 13-Oct-13 19-Oct-13 
43 20-Oct-13 26-Oct-13 
44 27-Oct-13 02-Nov-13 
45 03-Nov-13 09-Nov-13 
46 10-Nov-13 16-Nov-13 
47 17-Nov-13 23-Nov-13 
48 24-Nov-13 30-Nov-13 
49 01-Dec-13 07-Dec-13 
50 08-Dec-13 14-Dec-13 
51 15-Dec-13 21-Dec-13 
52 22-Dec-13 28-Dec-13 
1 29-Dec-13 04-Jan-14 
2 05-Jan-14 11-Jan-14 
3 12-Jan-14 18-Jan-14 
4 19-Jan-14 25-Jan-14 
5 26-Jan-14 01-Feb-14 
6 02-Feb-14 08-Feb-14 
7 09-Feb-14 15-Feb-14 
8 16-Feb-14 22-Feb-14 
9 23-Feb-14 01-Mar-14 

10 02-Mar-14 08-Mar-14 
11 09-Mar-14 15-Mar-14 
12 16-Mar-14 22-Mar-14 
13 23-Mar-14 29-Mar-14 
14 30-Mar-14 05-Apr-14 
15 06-Apr-14 12-Apr-14 
16 13-Apr-14 19-Apr-14 
17 20-Apr-14 26-Apr-14 
18 27-Apr-14 03-May-14 
19 04-May-14 10-May-14 
20 11-May-14 17-May-14 
21 18-May-14 24-May-14 
22 25-May-14 31-May-14 
23 01-Jun-14 07-Jun-14 
24 08-Jun-14 14-Jun-14 
25 15-Jun-14 21-Jun-14 
26 22-Jun-14 28-Jun-14 
27 29-Jun-14 05-Jul-14 
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28 06-Jul-14 12-Jul-14 
29 13-Jul-14 19-Jul-14 
30 20-Jul-14 26-Jul-14 
31 27-Jul-14 02-Aug-14 
32 03-Aug-14 09-Aug-14 
33 10-Aug-14 16-Aug-14 
34 17-Aug-14 23-Aug-14 
35 24-Aug-14 30-Aug-14 
36 31-Aug-14 06-Sep-14 
37 07-Sep-14 13-Sep-14 
38 14-Sep-14 20-Sep-14 
39 21-Sep-14 27-Sep-14 
40 28-Sep-14 04-Oct-14 
41 05-Oct-14 11-Oct-14 
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Appendix C. SAS code used as described in section 3.8.  
Assessment of the surveillance system from an operational perspective. 
 
proc import out=work.TimeRelALLTIMES 
   datafile="E:\Danielle\ANALYSES\Results 
1\1b_TimelineRelationship\TimeRelALLTIMES.csv" 
   dbms=csv replace;  
  getnames=yes; 
  datarow=2; 
 run; 
 

proc univariate data=Timeline plot; 
var Symptom_to_Call Call_to_Collection Collection_to_Response; 
histogram/normal; 
run; 
 

DATA timeline3; 
    SET timerelalltimes; 
    Symptom_to_Call = Call_date - SymptomStart_date; 
    Call_to_Collection = Collection_Date - Call_date; 
 Collection_to_Response = Response_date - Collection_date; 
if Symptom_to_Call < 0 then Symptom_to_Call = "."; 
if Call_to_Collection < 0 then Call_to_Collection = "."; 
if Collection_to_Response < 0 then Collection_to_Response = "."; 
   RUN; 
 

proc univariate data=timeline3 plot; 
var Symptom_to_Call Call_to_Collection Collection_to_Response; 
histogram/normal; 
run; 

proc import out=work.TimeRelMailOut 
   datafile="E:\Danielle\ANALYSES\Results 
1\1b_TimelineRelationship\TimeRelMailOut.csv" 
   dbms=csv replace;  
  getnames=yes; 
  datarow=2; 
 run; 
 

   DATA timeline; 
    SET timerelmailout; 
     Mail_to_Response = Response_date - MailedOut_date; 
   RUN; 
 

proc univariate data=timeline plot; 
var Mail_to_Response; 
histogram/normal; 
run; 
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Appendix D. Example of SAS Code used in section 3.13. 
Statistical analyses used in this study. 
 
data <dataset>; 
        input Group $ NumYes Total; 
        <Variable of interest, e.g. from a rural population centre>="Yes"; 

Count=NumYes; output; 
        <Variable of interest>="No "; Count=Total-NumYes; output; 
        datalines; 
      <group 1, e.g. Self-swabbing study, all participants>   x1 y1 
      <group 2, e.g. PHOLD> x2 y2 
      ; 
   run; 
 
 proc freq order=data; 
        weight Count; 
        table Group*<Variable of interest> / chisq; 
        run; 
 
Note: x1 = sample size for group 1 in agreement with the variable of interest, 

i.e. Number of people from the self-swabbing study, all participants, 
who are from a rural population centre  
y1 = sample size for group 1 that is not in agreement with the variable 
of interest 
x2 = sample size for group 2 in agreement with the variable of interest 
y2= sample size for group 2 that is not in agreement with the variable 
of interest 

 

 
 

  

The following is an example of the code used to compare the proportion of all participants from the 
self-swabbing study living in a rural area to the proportion of people captured by PHOLD living in a 
rural area. 
 
 data Rural; 
        input Group $ NumYes Total; 
        Response="Yes"; Count=NumYes;       output; 
        Response="No "; Count=Total-NumYes; output; 
        datalines; 
      SelfSwabALL   323 2460 
      PHO 3077 20210 
      ; 
   run; 
 
 proc freq order=data; 
        weight Count; 
        table Group*Response / chisq; 
        run; 
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Appendix E. Calculations and SAS code used as described in section 3.13. 
Statistical analyses used in this study. 
 
An example of the calculations for the kappa statistic used to test for measurement of agreement between 

the molecular test results for influenza A viruses as determined by the Viia7 real-time RT-PCR assay and 

the multiplex PCR assay. 

 
  Multiplex  
  + - Total 

Viia7 + 19 3 22 
- 5 600 605 

 Total 24 603 627 
 
data FluA; 

input Viia7 $ Multiplex $ count; 
datalines; 
positive positive 19 
positive negative 3 
negative positive 5 
negative negative 600 
; 

run; 
 
proc freq data=FluA order=data; 
tables Viia7*Multiplex / agree noprint; 
test kappa; 
weight count; 
run; 
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Appendix F. SAS code for Mann-Whitney-Wilcoxon rank sum test, as described in 3.13, Statistical 
analyses used in this study. 
A subset of the data was used to compare the mean factor score for “residential instability” from the ON-
Marg for PHOLD (LabData) to the self-swabbing study data including all participants who agreed to 
participate (AllPar).  
 
title "Instability: LabData vs AllPar"; 
data instability1; 
input group $ count instability; 
datalines; 
LabData 3 -0.69195984 
LabData 1 -0.637501421 
LabData 2 -0.37786712 
LabData 1 -0.765072773 
LabData 3 -0.638276728 
LabData 2 -0.965437487 
. 
. 
. 
RespConsent 1 -0.639212989 
RespConsent 1 -0.562293096 
RespConsent 1 -0.982460047 
RespConsent 1 -0.894111581 
RespConsent 1 -0.509690331 
; 
 
 
proc npar1way data=EthnicCon3 wilcoxon; 
var EthnicCon; 
freq count; 
class group; 
run; 
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Appendix G. A summary of the variables included in the callers database.  

Variable Description 

  
Caller_ID Unique identifier assigned to participant 
First_Name First name of participant 
Last_Name Last name of participant 
Birth_date Birth date of participant 
Age Age, calculated using "Birth_date" 
Gender Gender of participant 
Street_Address 

Participant's address 
Address_Line_2 
City 
Postal_Code 
Call_date Date participant called The THHL 

Response Whether the participant returned a self-swabbing 
package, checked if "yes", not checked if "no" 

Response_date Date participant returned a self-swabbing package 
Days_To_Return Number of days between Call_date and response_date 

Response_no_consent 
Whether the participant returned a self-swabbing 
package without consent, checked if "yes", not checked 
if "no" 

No_Package_Sent Checked if participant was not sent a package 
Notes Notes regarding the participant 
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Appendix H. Additional results from section 4.6 corresponding to the seasonal assessment of 
multiplex viruses. 
The figures below correspond to: A) PIV 1, B) PIV 2, C) PIV 3, D) PIV 4, E) adenovirus.  
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Appendix I. Labstract 070, “Influenza and Other Respiratory Viral Testing for the 2013-2014 

Influenza Season (November 4, 2013 to May 5, 2014) and Labstract 076, “Influenza and Other 

Respiratory Viral Testing Algorithm for Spring/Summer 2014 (June 2, 2014 to October 31, 2014”. 
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Labstract – November 2013 
 
 

Influenza and Other Respiratory Viral Testing for the 2013‐
2014 Influenza Season (November 4, 2013 to May 5, 2014)  
  
To Health Care Providers: 
 
Public Health Ontario Laboratories (PHOL) continues to support influenza and other respiratory viral testing 
for patients across Ontario.  This labstract addresses:  
 

1. The testing algorithm for winter 2013‐2014, to be implemented as of November 4, 2013 
2. Influenza antiviral susceptibility testing 
3. Testing for Middle Eastern Respiratory Syndrome Coronavirus (MERS‐CoV) 
4. Testing for Avian Influenza A (H7N9) Virus 
5. Surveillance for variant influenza viruses (swine origin) in humans  

 
1.  Respiratory Viral Testing Algorithm 
 
For this influenza season, tests provided will primarily be based on the patient setting. Priority will be given to 
Inpatient and Outbreak specimens.  
 
To allow appropriate test assignment and minimize turn around time, sufficient patient clinical information 
must be provided (including patient setting) on the current version of the PHOL requisition form available at 
http://www.publichealthontario.ca/requisitions 
 
Specimen Collection and Handling 
 
Please check specimen collection kit expiry dates before use. Expiry dates on collection swabs and transport 
media may not be identical – please check both dates. Specimens collected in kits that have expired dates will 
be rejected. Please note: Specimen containers and supplies are provided to submitters exclusively for samples 
that are to be tested by the PHOL.  
 
NOTE: To maintain optimum viability, specimens should be stored and transported to PHOL at 2‐8°C within 48 
hours of collection. If longer storage/transit time is anticipated, specimens should be frozen at ‐70°C or lower. 

119

http://www.publichealthontario.ca/requisitions
http://www.publichealthontario.ca/en/ServicesAndTools/LaboratoryServices/Pages/supplies.aspx


Influenza and Other Respiratory Viral Testing for the 2013‐2014 
Influenza Season (November 4, 2013 to May 5, 2014) (Continued) 
 

Influenza and Other Respiratory Viral Testing for the 2013‐2014 Influenza Season (November 4, 2013 to May 5, 2014)   
LAB‐SD‐070‐003      Page 2 of 4 

 
Table:  Respiratory viral testing algorithm for samples received at PHO during the 2013‐ 2014 Influenza 
Season  
 
Patient Setting1 or Specimen Type  Tests Provided  Comments 
1.  Inpatient ICU  x Influenza A/B PCR2 

 
x Influenza negative samples will 

be further tested by multiplex 
respiratory viral PCR (MRVP) 4.  

2.  Inpatient (ward) or Institution  x Influenza A/B PCR2 
x Rapid respiratory virus 

culture system (R‐Mix 
Too) 2, 3 

x If influenza A/B PCR is the only 
virology test requested, no 
other respiratory viral testing 
will be performed.  

3.  Physician office/clinic 
     Emergency room (not admitted) 
     All other ambulatory 

x Rapid respiratory virus 
culture system (R‐Mix 
Too) 2, 3 

 

4.  Outbreaks  x Influenza rapid testing 
(up to 4 samples) 

x Influenza A/B PCR2 
(2 samples will be 
tested first. If both are 
negative another 2 
samples can be tested) 

x 2 outbreak samples will be 
tested by MRVP4 if all 4 tested 
by influenza rapid and 
influenza A/B PCR are 
negative. 

x One influenza positive 
specimen from each outbreak 
will be subtyped and no 
further respiratory viral testing 
will occur from that outbreak. 

 
5.  Lung Tissue/biopsy specimens and 
pleural fluids regardless of patient 
setting 

x Influenza A/B PCR2 
x MRVP4 
x Conventional virus 

culture 
 

The following are available on 
request:  
x Legionella PCR  
x Chlamydophila pneumoniae 

PCR 
x Mycoplasma pneumoniae PCR 
x Streptococcus pneumonia PCR 
x Staphylococcus aureus PCR 

6.  BAL and bronchial wash regardless 
of patient setting 

x Influenza A/B PCR2 
x MRVP4 
x CMV shell vial culture 

 

1 If patient setting is not provided, sample will be tested with viral culture method. 
2 All influenza A positive ICU samples, and a proportion of others, including all early and late season positive samples will be subtyped.  
3 The rapid respiratory virus culture system (R‐Mix Too) detects:  adenovirus, influenza A, influenza B, respiratory syncytial virus (RSV), 
parainfluenza 1, 2 and 3, and human metapneumovirus. 

4 The current multiplex molecular respiratory viral panel (MRVP) detects influenza A, influenza B, rhinovirus, enterovirus, RSV A and B, 
parainfluenza 1, 2, 3 and 4, adenovirus, human metapneumovirus and coronaviruses. Please note this panel does not detect MERS‐
CoV. Multiplex molecular testing will not be performed on multiple submissions from the same anatomical site, or repeat submissions 
within 7 days of a previous sample being tested. 
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2. Influenza Antiviral Susceptibility Testing 
 
A proportion of influenza‐positive samples will be forwarded to the National Microbiology Laboratory for 
strain typing and antiviral resistance testing.  
    
Antiviral susceptibility testing is also available at PHOL. Currently influenza A(H1N1)pdm09 is universally 
amantadine resistant and almost universally oseltamivir susceptible – although resistance has been 
documented, it is rare.  
 
Recommended criteria for antiviral susceptibility testing in Ontario for A(H1N1)pdm09 are:  

o Influenza developing during or soon after oseltamivir or zanamivir prophylaxis 
o Severely‐ill patients (ICU) not responding to therapy 
o Fatalities 
o Persistent viral shedding, defined as a repeat PCR test positive after 7 days or more of 

treatment. This could be undertaken for:  
x Immunocompromised patients  
x Patients not responding to antiviral therapy 

o A(H1N1)pdm09‐positive outbreak samples (will be routinely tested at PHL) 
o Positive test for Influenza A in a traveller returning from area where resistance is endemic 

 
H3N2 influenza is amantadine resistant. Due to the current near‐universal H3N2 oseltamivir susceptibility 
routine resistance testing is not required for clinical care.  
 
Pre‐pandemic seasonal H1N1 has not been detected in Ontario since mid‐2009. It is known to be amantadine 
susceptible, and almost universally oseltamivir resistant.  
 
To request susceptibility testing on a patient who meets any of the above criteria please provide the relevant 
information on the laboratory requisition. To make a request on a sample already submitted to PHOL, please 
contact the PHOL Customer Service Centre at 1‐877‐604‐4567 or 416‐235‐6556 or your local PHOL. 
 
3. Testing for Middle Eastern Respiratory Syndrome Coronavirus (MERS‐CoV) 
 
MERS‐CoV is a novel coronavirus that emerged in the Middle East in early 2012. Patients with relevant clinical 
presentation and epidemiological risk factors for MERS‐CoV infection, such as travel to the Middle East or 
contact with a confirmed or probable MERS‐CoV case, should be considered for MERS‐CoV testing. This 
includes those who have returned from Saudi Arabia after attending The Hajj.  Ontario Ministry of Health and 
Long‐Term Care MERS‐CoV guidance, including laboratory testing information, is available at: 
http://www.health.gov.on.ca/en/pro/programs/publichealth/coronavirus/guidance.aspx 
 
4. Testing for Avian Influenza A (H7N9) Virus 
 
In April, 2013, the World Health Organization (WHO) confirmed emergence of a novel avian influenza 
A(H7N9)virus in China. Ontario Ministry of Health and Long‐Term Care guidance, including laboratory testing 
information, is available at: http://www.health.gov.on.ca/en/pro/programs/emb/avian/workers.aspx 
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5. Surveillance for variant (swine origin) influenza viruses in humans 
 
PHO conducts surveillance for variant influenza viruses, such as H3N2v, which have caused several hundred 
infections in the United States in recent years among persons with direct swine contact (e.g children exposed 
at agricultural fairs, swine workers). Only limited human‐to‐human transmission has been documented. 
Screening will be done by real‐time PCR for the swine nucleoprotein (NP) gene on all early and late season 
influenza A viruses of subtype H3 and a proportion of all other H3 subtype influenza A‐positive samples once 
the season is established.  
 
PHO Reports and Studies: 
 
PHO routine surveillance reports are available on the PHO website at 
http://www.publichealthontario.ca/en/DataAndAnalytics/Pages/DataReports.aspx  

x Laboratory‐Based Respiratory Pathogen Surveillance Report summarizes all respiratory viral testing 
done at PHOL  

x Ontario Respiratory Virus Bulletin  
x Monthly Infectious Disease Surveillance Report  

 
Vaccine Effectiveness Study 

x The joint PHO/CIHR‐funded influenza Vaccine Effectiveness (VE) Study performs RT‐PCR testing on 
patients with influenza‐like‐illness visiting community‐based sentinels across Ontario. Ontario VE 
study information can be found at: 
http://www.publichealthontario.ca/en/BrowseByTopic/InfectiousDiseases/Studies/Pages/VE‐
study.aspx 

 
 

For further information: 

x Contact the PHOL Customer Service Centre at 416‐235‐6556 or 1‐877‐604‐4567 (toll‐free), or by email 
at CustomerServiceCentre@oahpp.ca 

x For PHOL specimen collection information and previous Labstracts, refer to 
http://www.publichealthontario.ca/labs 

x The current version of the PHOL General Test Requisition and other forms are  available at 
http://www.publichealthontario.ca/requisitions 

x To subscribe to future Labstracts, email labstracts@oahpp.ca 
x To register for Autofax and receive laboratory reports by fax directly from our laboratory information 

system as soon as they are released, contact the PHOL Customer Service Centre. 
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Labstract – May 2014  

 
Influenza and Other Respiratory Viral Testing Algorithm for 
Spring/Summer 2014 (June 2, 2014 to October 31, 2014)  
 
 
To Health Care Providers: 
 
From June 2, 2014 to October 31, 20141, Public Health Ontario Laboratories (PHOL) will implement the 
Spring/Summer 2014 Respiratory Viral Testing Algorithm: 

 
Patient Setting2 or Specimen Type Tests Provided3 Comments 
1. Inpatient (ICU) Multiplex respiratory viral 

PCR (MRVP)4  
 

  

2. Inpatient (ward) or Institution Rapid respiratory virus 
culture system (R-Mix Too)5 

 

 

3. Physician Office/Clinic;                    
Emergency Room (not 
admitted); all other 
ambulatory patients                   

   

R-Mix Too5 Ambulatory patients (including ER) 
will be tested by R-Mix Too5  
 

4. Outbreaks  Influenza (up to 4 samples) 
Rapid testing, 
MRVP4 or R-Mix Too5 

A maximum of 2 outbreak samples 
will undergo MRVP4 testing. Please 
contact the laboratory if further 
MRVP4 testing is required.    
 

5. Lung tissue/biopsy specimens 
(regardless of patient setting)                                           
 
 
  

MRVP4 

Viral culture (including CMV 
shell vial) 

The following are available on 
request:  
• Legionella PCR  
• Chlamydophila pneumoniae PCR 
• Mycoplasma pneumoniae PCR 
• Streptococcus pneumoniae PCR 
• Staphylococcus aureus PCR 
 

6. BAL, bronchial wash, pleural 
fluids (regardless of patient 
setting) 
 

MRVP4 or viral culture CMV shell vial culture will also be 
done on BAL and bronchial wash 
samples 
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Influenza and Other Respiratory Viral Testing for Spring and Summer 2014 (June 2, 2014 to October 
31, 2014) (Continued)   
 
 

Additional Notes:  
 

• Influenza PCR will continue to be used when testing for novel influenza viruses, such as Influenza A 
(H7N9).       

 
• This algorithm includes suspension of influenza PCR testing during the spring/summer period.  

Note however that multiplex molecular respiratory viral PCR (MRVP)4 will continue to be provided for 
intensive care patients and for respiratory outbreaks (a maximum of 2 outbreak samples will undergo 
MRVP4 testing).  
 

• To allow appropriate test assignment and to minimize turnaround time, sufficient patient clinical 
information must be provided (including patient setting and specimen type) on the current version of 
the PHO general laboratory requisition form available at 
http://www.publichealthontario.ca/Requisitions 
 

• Respiratory viral testing will continue to be based primarily on patient setting.  In situations when lower 
respiratory specimen is submitted, specimen type will guide testing regardless of patient settings.  
 

• For information on Middle East respiratory syndrome coronavirus (MERS-CoV), including laboratory 
testing, see http://www.publichealthontario.ca/en/BrowseByTopic/InfectiousDiseases/Pages/Novel-
Coronavirus-nCov.aspx#.U39hntJdVPM 
 
 

 
 
 
 

Footnotes:  
 

1 Note - all out of season influenza A positive samples will be subtyped and strain typed (if able to grow in 
culture). 

2 If patient setting is not provided, sample will be tested solely by R-Mix Too.   
3 Rapid RSV testing will be done routinely on all samples from children < 12 months with bronchiolitis or 

pneumonia and on request in other children < 5 years. 
4 The current multiplex molecular respiratory viral panel (MRVP) detects Influenza A/B, rhinovirus, 

enterovirus, RSV, parainfluenza, adenovirus, metapneumovirus and coronaviruses.  Multiplex molecular 
testing will not be performed on multiple submissions from the same anatomical site, or repeat 
submissions within 7 days of a previous sample being tested. 

5 The rapid respiratory virus culture system (R-Mix Too) detects adenovirus, influenza A, influenza B, 
respiratory syncytial virus (RSV), parainfluenza 1, 2 and 3, and human metapneumovirus.  Viral culture 
detects adenovirus, enterovirus, influenza A, influenza B, parainfluenza 1, 2, 3 and 4, rhinovirus and 
respiratory syncytial virus (RSV). 
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Influenza and Other Respiratory Viral Testing for Spring and Summer 2014 (June 2, 2014 to October 
31, 2014) (Continued)   
 
 
PHO Reports and Studies: 
 
PHO routine surveillance reports are available on the PHO website at 
http://www.publichealthontario.ca/en/DataAndAnalytics/Pages/DataReports.aspx  

• Laboratory-Based Respiratory Pathogen Surveillance Report summarizes all respiratory viral testing 
done at PHOL 

• Ontario Respiratory Virus Bulletin 
• Monthly Infectious Disease Surveillance Report 

 
Vaccine Effectiveness Study 

• The CIHR-funded influenza Vaccine Effectiveness (VE) Study performs MRVP and RT-PCR testing on 
patients with influenza-like-illness visiting community-based sentinels across Ontario. Ontario VE study 
information can be found at:   
http://www.publichealthontario.ca/en/BrowseByTopic/InfectiousDiseases/Studies/Pages/VE-study.aspx  

 

For further information: 

• Contact the PHOL Customer Service Centre at 416-235-6556 or 1-877-604-4567 (toll-free), or by email at 
CustomerServiceCentre@oahpp.ca 

• For PHOL specimen collection information and previous Labstracts, refer to 
http://www.publichealthontario.ca/Labs 

• The current version of the PHOL General Test Requisition and other forms are  available at 
http://www.publichealthontario.ca/Requisitions 

• To subscribe to future Labstracts, email labstracts@oahpp.ca 
• To register for Autofax and receive laboratory reports by fax directly from our laboratory information 

system as soon as they are released, contact the PHOL Customer Service Centre. 
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