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Abstract 

Background: The qHPV vaccine has the potential to significantly reduce the burden of HPV-

related diseases, including cervical cancer. However, a recent systematic review of clinical trials 

has suggested that the risk of bronchospasm may be increased by this vaccine, and a large 

observational study has reported an increased risk of anaphylaxis. 

Objectives: To determine whether qHPV vaccination increases the risk of incident asthma, 

asthma exacerbation, and anaphylaxis. 

Methods: A population-based retrospective cohort of grade 8 girls eligible for Ontario’s HPV 

immunization program between 2007 and 2011 was identified using the province’s administrative 

health and immunization databases. Cohort members were followed from September 1st of their 

grade 8 year until their date of death or end of study (March 31st, 2012). The self-controlled case 

series method, a self-matched, case-based analysis was used to assess the effect of qHPV 

vaccination on the risk of SRREs, and rate ratios (RRs) and 95% confidence intervals for each 

outcome was estimated using conditional Poisson regression. 

Results: The cohort consisted of 125,575 girls with a mean age of 13.2 years, 57.7% of whom 

received at least one dose of the qHPV vaccine. During an average of 2.5 years of follow-up, 

1473 cases of incident asthma, 901 of asthma exacerbation and 38 of anaphylaxis were identified. 

HPV vaccination was not associated with an increased risk of incident asthma or asthma 

exacerbation (RRadj 0.76, 95% CI 0.37-1.54 and RRadj 0.74, 95% CI 0.27-2.00, respectively), and 

these associations were unchanged by the presence of risk factors and time since vaccination. 

There was also no evidence of an increased risk of anaphylaxis following qHPV vaccination as 

demonstrated by an absence of cases of anaphylaxis occurring on the day of vaccination.  
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Conclusions: This large, population-based study provides strong evidence that the qHPV vaccine 

does not increase the risk of developing or exacerbating asthma, and additional evidence for the 

lack of an increased risk of anaphylaxis in the younger populations targeted by HPV 

immunization programs. These findings add to the growing body of evidence on the safety of the 

qHPV vaccine. 
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Chapter 1 

Introduction 

1.1 Background and Rationale 

Serious respiratory-related events (SRREs) are any severe reactions, disorders or diseases that 

affect the respiratory system, and as such SRREs include asthma and anaphylaxis. Asthma is one 

of the most common serious chronic respiratory diseases among children and adolescents (1). It is 

a leading cause of childhood and adolescent disability and can, in rare cases, result in premature 

death. Worldwide, one in every 10 school-aged child and adolescent has asthma, it is therefore 

not surprising that these age groups have the highest prevalence of asthma, and that this disease 

causes children and adolescents to miss approximately 10.5 million school days annually (2). 

Furthermore, asthma accounts for substantial health care costs and morbidity as it is the third-

ranking cause of hospitalization for children and adolescents (2;3). In Ontario, between 1996 to 

2009, the prevalence of asthma increased from 18.8% to 21.39% per year for ages 5 to 9, from 

13.1% to 24.48% per year for ages 10 to 14, and from 9.64% to 25.5% per year for ages 15 to 19, 

resulting in the highest prevalence of asthma to be observed among children and adolescents 

when compared to adults (4;5). Conversely, the incidence rate for the same time period decreased 

from 12.53 to 9.51 per 1,000 person-years for ages 5 to 9, from 8.4 to 4.44 per 1,000 person-years 

for ages 10 to 14, and from 7.05 to 2.46 per 1,000 person-years for ages 15 to 19. Given the rising 

prevalence of asthma in this young population, and the associated burden on both quality of life 

and health care costs, it is important to identify modifiable determinants of childhood and 

adolescent asthma (1;3). 
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Anaphylaxis is a rapid, severe, systemic allergic reaction that affects people of all ages (6). 

Common clinical characteristics of this condition include the development of acute symptoms 

(within minutes or hours of exposure) with rapidly progressing skin changes (i.e., angioedema, 

hives, etc.), and the development of life-threatening respiratory, cardiovascular, and/or 

gastrointestinal symptoms. While data on the incidence of anaphylaxis in Canada are lacking, the 

incidence for children and adolescents in the United States (US) was estimated at 10.5 episodes 

per 100,000 person-years (95% CI 8.1-13.3 per 100,000 person-years) between 1991 and 1997 

(7). Of interest, the case fatality for anaphylaxis is estimated to be between 0.65 to 2.0%, and the 

frequency of anaphylaxis cases appears to be rising for reasons that are not yet clear (6;8;9). 

Given that anaphylaxis can be fatal, that it carries a relatively high risk of recurrence, and that 

such reactions can have a profound effect on the quality of life of an individual and their family, 

it is important to identify potentially modifiable risk factors for anaphylaxis to reduce its rate of 

occurrence (10;11). 

The risk factors for asthma that have been identified to date include genetic susceptibility, birth 

weight, environmental factors including pets and parental smoking, and some vaccines (12-15). 

For example, a prospective cohort study examining the association between vaccines and asthma 

reported that >20% of children and adolescents who received the pertussis and/or oral polio 

vaccine developed asthma (16). For anaphylaxis, the risk factors identified to date vary 

considerably as this SRRE can be caused by many exposures, including vaccinations. Indeed, a 

retrospective cohort study quantified the risk of anaphylaxis following vaccinations to be 1.53 

cases per million doses administered (95% CI 0.04-8.52) for children and adolescents (17). Thus, 

there is a role for childhood and adolescent vaccination in the development and exacerbation of 

asthma and the risk of anaphylaxis. However, the epidemiologic evidence to date for many 
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vaccines has been found insufficient to establish a causal relationship. Further well-designed 

studies should be conducted to study the association between these SRREs and vaccines, such as 

the quadrivalent human papillomavirus (HPV) vaccine. 

The HPV vaccine was developed to prevent infections caused by specific types of the HPV, a 

common sexually transmitted virus with over 100 types (18;19). Two high-risk types of this 

virus, type 16 and 18, cause 70% of all cervical cancers, while low risk viruses, types 6 and 11, 

causes 90% of cases of genital warts (19-21). In July 2006, Health Canada approved the use of 

Gardasil
®
, a quadrivalent HPV (qHPV) vaccine that protects against these four common types of 

HPV for females aged 9-26 years (22). Subsequently, Ontario’s Ministry of Health and Long-

Term Care (MOHLTC) implemented a three-year immunization program to provide free qHPV 

vaccination to all grade 8 girls through school-based clinics (23). The goal of this program was to 

immunize at least 80% of eligible girls within the first two years of the program (12). However, 

only 53% of grade 8 girls received the first dose of the HPV vaccine in the first year of the 

program, and not all of them received the required three doses (12;24). This vaccine coverage is 

much lower than that of similar school-based vaccination programs in the province (e.g., 

Hepatitis B), and is among the lowest in Canada (12;24;25). The reasons for the low coverage are 

mostly unknown. However, surveys have consistently reported parental concerns about the safety 

and long-term effects of the HPV vaccine as a major barrier, especially in the young age group 

targeted (12;25-27). As low vaccine acceptance undermines public health efforts aimed at 

reducing the burden of HPV-related diseases, and the qHPV vaccine may represent a modifiable 

determinant of vaccine-induced adverse events, including serious respiratory-related events 

(SRREs) such as asthma and anaphylaxis, it is important to assess the safety of this vaccine on 

grade 8 girls. 
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1.2 Study Objectives 

The purpose of this thesis was to determine whether use of the qHPV vaccine increases the risk of 

SRREs among Grade 8 girls in Ontario. The objectives were: 

1. To determine whether the use of the qHPV vaccine increases the risk of incident asthma 

and of asthma exacerbation (analyzed separately). 

2. To identify the factors that may predispose a girl to HPV vaccine-induced asthma and 

asthma exacerbation. 

3. To explore the risk of anaphylaxis following immunization of the qHPV vaccine among 

grade 8 girls in Ontario. 

1.3 Thesis Outline 

The organization of this thesis is as follows: First, a literature review is presented that details the 

study setting, safety studies following qHPV vaccination, and prior research examining the 

relationship between SRREs and vaccination. Second, the methods used for this thesis are 

detailed, including a description of the study design, cohort formation, data sources and quality, 

data access and record linkage, and the plan of analysis. Third, results addressing the study 

objectives are presented in manuscript format. Fourth, the interpretation of the results, as well as 

the study strengths and limitations are discussed. Finally, the implications of this thesis are 

addressed and recommendations for future research are made. 
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Chapter 2 

Literature Review 

2.1 Quadrivalent HPV Vaccine 

HPV is a sexually transmitted virus for which the most common subtypes have been linked with 

the development of genital warts and cervical cancer (1). In Canada, two competing HPV 

vaccines, Gardasil
®
 and Cervarix

®
, have been authorized for use and marketed to prevent HPV 

infections (2). Gardasil
®
, a quadrivalent HPV vaccine (qHPV) developed by Merck Frosst, 

provides protection against HPV types 6, 11, 16 and 18, of which type 6 and 11 are responsible 

for 90% of genital warts and types 16 and 18 are responsible for 70% of cervical cancers (1). In 

July 2006, Health Canada approved the use of Gardasil
®
 in females aged 9 to 26. Cervarix

®
, a 

bivalent HPV vaccine developed by GlaxoSmithKline, provides protection against oncogenic 

HPV types 16 and 18 for the prevention of cervical cancer (2).  In February 2010, this vaccine 

was approved for use in Canada in females aged 10 to 25. Both vaccines are most effective when 

given before exposure to HPV infection, as such it is recommended that they be administered 

before the onset of sexual activity (1). However, as Gardasil
®
 is the only HPV vaccine that is 

publicly funded in Canada, this vaccine will be the focus of this thesis.  

Gardasil
®
 is prepared from highly purified virus-like particles (VLPs) of the major capsid (L1) 

protein of HPV types 6, 11, 16 and 18 (3;4). The vaccine was developed using recombinant 

deoxyribonucleic acid (DNA) technology and novel cell-culture systems to produce the L1 

proteins. Subsequently, these L1 proteins self-assemble into non-infectious VLPs in yeast cells. 

These VLPs are nearly identical to the HPV virus from which they are derived but they lack the 

virus’ DNA that is required for replication. As such, the VLPs cannot reproduce, and are non-
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infectious and non-oncogenic (5). Following assembly of the VLPs, they are then released from 

the yeast cells and purified by a series of chemical and physical processes (3). The purified VLPs 

are then adsorbed on preformed aluminum-containing adjuvant in order to increase the body’s 

immune response to the vaccine (3). Finally, Gardasil
®
 is made into a sterile liquid suspension by 

combining the adsorbed VLPs of the four HPV types with additional amounts of the aluminum-

containing adjuvant and the final purification buffer (3).  

Gardasil
®
 is a prophylactic vaccine that works to prevent HPV infections by stimulating the 

body’s immune response to the virus without actually causing HPV infection or HPV-related 

diseases (6). When the body is exposed to the HPV virion following vaccination, the body’s 

immune system induces the production of HPV type specific antibodies. The antibodies 

neutralize and block the infecting HPV virion from binding to the basement membrane, as well as 

to the epithelial cell receptor during epithelial microabrasion. The antibodies reach the exposed 

basement membrane via one of two ways: (i) from the dermal capillary network to the intact 

basement membrane or (ii) through a tissue injury to the cervical epithelium exposing the 

basement membrane to HPV virions. Both of these methods for antibody localization require high 

antibody titers to neutralize infective HPV type specific virions. Following this process, the 

induced antibodies will remain in the body for some time to help protect the body against future 

infections from the same organism. Currently, the maximum reported duration of efficacy for 

qHPV vaccine is 5 years (7;8). 

The qHPV vaccine is administered in three separate intramuscular injections of 0.5-mL doses at 

intervals of 0, 2, and 6 months (9). Each 0.5-mL dose contains approximately 20 μg of HPV 6 L1 

protein, 40 μg of HPV 11 L1 protein, 40 μg of HPV 16 L1 protein, 20 μg of HPV 18 L1 protein, 
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and 225 μg of aluminum-containing (amorphous aluminum hydroxyphosphate sulfate) adjuvant. 

The vaccine also contains sodium chloride, L-histidine, polysorbate 80, sodium borate, yeast 

protein, and water for injection.  

An adjuvant is a substance that is often incorporated into non-live vaccines to accelerate, prolong, 

or enhance the immune responses to vaccine antigens (10). The addition of an adjuvant reduces 

the amount of antigen required in the vaccine and reduces the number of immunizations needed 

for protective immunity, while improving the efficacy of the vaccine (10-13). The qHPV vaccine 

contains an aluminum salt-based (amorphous aluminum hydroxyphosphate sulfate) adjuvant. 

Despite the benefits of aluminum-based adjuvants in enhancing the immune response, this 

adjuvant has been associated with a number of adverse events, including immune system 

mediated reactions (14-17). In animals, aluminum-containing vaccines have been associated with 

inflammation and autoimmune syndromes, such as gulf war illness and lupus-like disease (18-

20). In humans, aluminum-containing vaccines have been associated with severe local reactions 

including erythema, subcutaneous nodules, contact hypersensitivity and granulomatous 

inflammation (17;21;22). As the qHPV vaccine contains an aluminum-based adjuvant, it has the 

potential to cause immune-mediated reactions, including SRREs. 

2.2 Ontario’s HPV Immunization Program 

In 2007, the federal government allocated $300 million, over three-years, to provinces and 

territories on a per capita basis to support the launch of a national HPV vaccination program (23). 

Ontario’s MOHLTC received $117 million to implement a free, school-based vaccination 

program offered to all grade 8 girls in the province (24). Gardasil
®
, a qHPV vaccine developed by 

Merck & Co., Inc., was chosen for this vaccination program in which it provides protection 
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against both anogenital warts (HPV types 6 and 11) and pre-cancerous cervical lesions (HPV 

types 16 and 18) (2;24). Ontario’s HPV school-based vaccination is delivered by public health 

nurses in the province’s 36 public health units (PHUs) (24;25). The three doses of the qHPV 

vaccine are generally administered in September/October, November/December, and March/April 

of each school year, corresponding to the recommended 0, 2, and 6 months dosing interval (25). 

Eligible girls may also get the qHPV vaccine for free at their PHU or through their family 

physician. Ontario girls have until the end of August of their Grade 8 year to start the 

immunization process and until the end of their Grade 9 year to complete it in order to receive the 

vaccine free of charge.  

Information on all doses of the HPV vaccine administered to eligible girls is recorded in the 

Immunization Records Information System (IRIS) electronic database, regardless of where it is 

administered (26). The IRIS database was originally developed by Ontario’s MOHLTC to track 

and record immunizations dictated by the Immunization of School Pupils Act (1982) for all 

school-aged children in the province (25;27). The IRIS database, independently maintained by 

each of the province’s 36 PHUs, is used to maintain records on mandatory childhood 

vaccinations. However, PHUs also use the IRIS database to record some optional vaccines, 

including the qHPV vaccine. As such, it contains individual-level information on all doses of the 

HPV vaccine administered to girls eligible for Ontario’s publicly funded immunization program. 

In addition, in the event the child transfers to a school in a different health unit, the parents and 

legal guardians are required to provide information on their child’s immunization records to 

school board authorities. These immunization records are then submitted to the local PHU and 

entered into their respective IRIS database. As such, the IRIS records are considered complete 

and up-to-date for students who have moved to another health unit within the province 
 
(25). 



 

 

 

12 

Despite the qHPV vaccine being available free of charge in Canada, it has been reported that 

vaccine uptake in a number of provinces and territories are well below the national target of 80% 

(23;28). During the first year of the HPV vaccination campaign, only 53% of eligible girls in 

Ontario received at least one dose of the vaccine, and not all of them received the recommended 

three doses (23;25). The reason for the low coverage in Ontario has been attributed, at least in 

part, to parental concerns regarding the safety and long-term effects of the HPV vaccine, 

particularly in the young age group targeted by provincial immunization programs (25;29-31). 

The qHPV vaccine is an optional vaccine, as such the decision to vaccinate is left to the parents 

or legal guardians of eligible girls, which may have contributed to the low uptake of this vaccine 

(25). Given that the low acceptance of the qHPV vaccine undermines public health efforts to 

reduce the burden of HPV-related diseases, and that the qHPV vaccine may represent a 

modifiable determinant of vaccine-induced adverse events, including SRREs, it is important to 

evaluate the safety of the qHPV vaccine among grade 8 girls. 

2.3 Safety Studies of Serious Respiratory-Related Events following qHPV 

vaccination 

To date, information on the safety of the qHPV vaccine with regards to its potential for inducing 

SRREs is available from pre-marketing randomized controlled trials (RCTs) and systematic 

reviews of these trials, two observational studies of anaphylaxis risk, post-marketing surveillance 

programs, and additional safety evidence from the Institute of Medicine and the US National 

Vaccine Injury Compensation Program. 

2.3.1 Randomized Clinical Trials (RCTs) & Systematic Reviews 

Currently, the results of nine RCTs assessing the efficacy and safety of the qHPV vaccine have 

been published (Appendix A) (32-40). Most of these were international, randomized, double-
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blind, Phase II and III multicentre studies with sample sizes ranging from 176 to 12,167. The age 

range of study participants was 9-45 years with < 5% of them being under the age of 16 (41). 

Seven of these were placebo-controlled, double-blind, Phase II and III trials where the 

participants were randomized to receive either Gardasil
®
 (qHPV) or aluminum adjuvant as the 

placebo (34-40). Participants in the other two trials received only some of the HPV types 

contained in the quadrivalent vaccine, and one of these used saline as a placebo (32;33). 

Participants in all of these trials were administered a 3-dose regimen over 6 months and were 

followed for up to 48 months (32-40). All of these trials were funded by the vaccine’s 

manufacturer, Merck & Co., Inc. 

For the evaluation of safety endpoints, trial participants were monitored for 20-30 minutes 

immediately following each vaccination. In addition, they were asked to record any adverse 

events experienced during the ensuing two weeks (32-40). In addition, participants were 

questioned at each follow-up visit about possible adverse events experienced post-vaccination. 

Overall, these trials reported no statistically significant differences in the risk of adverse events 

between the HPV vaccine and placebo groups. However, the placebo group in all but one of these 

trials received the aluminum-based adjuvant contained in the vaccine rather than the inert saline 

placebo. The most commonly reported injection-related adverse events were pain, swelling, 

redness, and itching at the injection site. Frequently reported reactions also included muscle pain, 

fatigue, dizziness, headaches, and mild, transient fevers. In addition, cases of serious adverse 

events (SAEs) considered by investigators to be possibly related to the HPV vaccine included 

bronchospasm, gastroenteritis, vaginal hemorrhage, ulcerative colitis, and hypertension. 

Furthermore, in 2011, Merck, Inc. published a product monograph that reflected the vaccine-

related adverse experiences of 29,323 individuals from 7 clinical trials (6 placebo containing 
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aluminum-based adjuvant) (42). Out of 258 individuals who reported a serious systemic adverse 

reaction, 12 cases were considered by the study investigators to be related to the qHPV vaccine, 

and included one case of bronchospasm and two cases of asthma.  

Although SAEs were rare in individual trials, two meta-analyses have reported cases of 

bronchospasm (a symptom of asthma, chronic bronchitis and anaphylaxis) following the 

administration of the qHPV vaccine (Appendix B) (43;44). Rambout et al. (43) included six 

RCTs for a total of 40,323 females aged 15-25 years who received either the qHPV vaccine or the 

aluminum-containing adjuvant as the placebo. These investigators found no statistically 

significant difference in the overall risk of SAEs between the vaccine and adjuvanted-placebo 

group (OR 0.998, 95% CI 0.87-1.14). However, cases of SAEs that were considered by 

investigators to be possibly related to the qHPV vaccine included bronchospasm. A more recent 

meta-analysis by Lu et al. included seven RCTs (six of which were included in the previous meta-

analysis for a sample size of 44,142 females aged 15-45 years who also received either the qHPV 

vaccine or the aluminum-containing adjuvant (44). Lu et al. confirmed Rambout’s findings with 

regards to the overall risk of SAEs (RR 1.00, 95% 0.91-1.09). However, when Lu et al. restricted 

the analysis to only SAEs considered possibly related to the qHPV vaccine (e.g., bronchospasm, 

gastroenteritis, etc.), they reported an increased risk for vaccine-related SAEs, although this 

difference was not statistically significant (RR 1.82, 95% CI 0.79-4.20).  

The evidence from RCTs published to date suggests that there are no serious safety concerns 

associated with the use of the qHPV vaccine, but these studies have a number of important 

limitations. First, a systematic review assessing the strength and quality of the safety evidence 

found that despite a combined sample size of 28,488, most trials were underpowered (< 80%) to 
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assess clinically meaningful risk increases for SAEs, such as SRREs (45). This systematic review 

reported that the largest of these trials (FUTURE II) had only 7.7% power to detect a doubling of 

the risk (HR = 2.0) for anaphylaxis. As such, pooling the results across totally underpowered 

trials would be insufficient to detect an elevated risk for anaphylaxis. On the other hand, 

FUTURE II had sufficient power to detect a two-fold increase in the risk of asthma and 

immunoglobulin E (IgE)-mediated reactions. However, of the 8 Phase III RCTs included in the 

systematic review to detect an elevated risk for asthma and IgE-mediated reactions, only three of 

these trials (FUTURE II, Garland et al., and Paavonen et al.) had sufficient power (> 80%) to 

detect a two-fold increase risk, while the other five trials were underpowered (< 40%) to detect a 

clinically meaningful risk increase. As such, large population-based epidemiologic studies are 

needed to provide sufficient power to detect an elevated risk for asthma. Secondly, as the placebo 

group in the vast majority of trials received the same aluminum-containing adjuvant as that 

contained in the qHPV vaccine rather than an inert placebo such as saline, the types and incidence 

of adverse events detected in these trials may have been underestimated given that aluminum-

based adjuvants have themselves been associated with a number of SAEs, including immune 

system mediated reactions (14-17;45). Furthermore, only adverse events judged by the 

researchers to be associated with the vaccine were reported, which may have resulted in reporting 

bias, a common and serious limitation of trial safety data (46). 

Another important limitation of these RCTs is that participants in these trials were often 

homogeneous with respect to age, ethnicity and health status. As such, the results of these trials 

may not be generalizable to the populations targeted by provincial immunization programs (47). 

For example, trial participants were much older (mean age of 22.4 years) than the population 

targeted by provincial HPV vaccination programs (10-13 years old), and less than 5% of trial 
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participants were under the age of 16 (42;48). Since pubescent girls may be more likely to 

experience an exaggerated immune response to vaccination than their older counterparts, age at 

vaccination may be an important determinant of vaccine induced immune-mediated adverse 

events (49-51). Indeed, a recent trial conducted in Guangxi, China found that type-specific 

immune responses to the qHPV vaccine among girls aged 9-15 were 1.4-2.8-fold higher than that 

of women aged 16-26 (37). As such, the use of older participants in clinical trials may have 

resulted in an underestimation of the true risk of immune-mediated reactions such as 

bronchospasm, asthma and anaphylaxis for the population targeted by provincial vaccination 

programs.  

2.3.2 Observational Studies 

As the qHPV vaccine is relatively new, few observational studies have been published on its 

safety. Only two observational studies have been published to date assessing the risk of 

anaphylaxis following qHPV vaccination and none have assessed the risk of asthma (52;53). 

Kang et al. conducted a retrospective cohort study to assess adolescent schoolgirls with suspected 

hypersensitivity reactions to the qHPV vaccine (53). This study included 35 Australian 

schoolgirls aged 12 to 18.9 years who were referred to paediatric allergy centres for further 

evaluation after experiencing hypersensitivity reactions (i.e. urticaria, generalised rash, angio-

oedema, or anaphylaxis) temporally associated with receipt of the qHPV vaccine. Twenty-five of 

the girls agreed to undergo further evaluation, and among them, two schoolgirls experienced 

anaphylaxis. An estimated incidence rate of 0.53 per 100,000 doses was determined as 380,000 

doses of the qHPV vaccine had been administered in schools in Victoria and South Australia. 

This estimated incidence rate is similar to that reported following the administration of other 

vaccines (i.e., 0.1 to 1.0 per 100,000 doses) (54). Conversely, as ten girls (28.6%) did not agree to 
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undergo further evaluation, these cases were not reviewed and were missed in this study. Thus, 

these missed cases may have resulted in an underestimation of the true burden of anaphylaxis.  

The other prospective cohort study by Brotherton et al. included 114,000 Australian females 

between the ages of 12-26 who received the qHPV vaccine through a national, school-based, 

publicly funded vaccination program. In this cohort, seven cases of anaphylaxis were identified, 

for an estimated incidence rate of 2.6 per 100,000 doses (95% CI 1.0-5.3 per 100,000 doses), 

which is significantly higher than that reported for other vaccines offered to this population (i.e., 

0.1 to 1.0 per 100,000 doses) (52;54). Also, as each person can receive up to 3 doses of the qHPV 

vaccine, the true incidence rate for anaphylaxis following HPV immunization could be up to 7.8 

per 100,000 person-years, thereby making the qHPV vaccine potentially more immunogenic than 

other vaccines. On the other hand, these cases were a median of 16.5 years of age, which is 

somewhat older than the girls to whom the vaccine is being offered in Canada. Consequently, the 

results from these studies require confirmation, particularly in the age group targeted by 

provincial vaccination programs. 

2.3.3 Post-Marketing Surveillance Systems 

Surveillance systems are established for the ongoing systematic collection, analysis, 

interpretation, and dissemination of health data that is necessary for public health action to reduce 

morbidity and mortality and to improve health (55). Particularly for vaccine safety surveillance 

systems, these programs are used to monitor the use and safety of any post-licensure vaccines 

(56). Currently, reports of adverse events following exposure to the qHPV vaccine are available 

from post-marketing vaccine safety surveillance systems such as the Vaccine Adverse Event 

Reporting System (VAERS) and the Vaccine Safety Datalink (VSD). These post-marketing 
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surveillance systems provide evidence for a possible association between the qHPV vaccine and 

SRREs.  

2.3.3.1 Passive Surveillance System 

The Vaccine Adverse Event Reporting System (VAERS) is a passive vaccine safety surveillance 

program for reporting possible adverse reactions associated with any post-licensure vaccines in 

the US (57). This online reporting system relies on health care providers, parents, patients and 

others to voluntarily submit reports of adverse events following immunization (AEFI). As pre-

licensure trials of new vaccines typically involve a small number of individuals and are thus 

underpowered to detect uncommon but serious adverse events, the primary goal of VAERS is the 

early detection of safety signals and the generation of hypotheses about possible vaccine-induced 

adverse events in a cost-effective and timely manner.  

A study conducted by Slade et al. assessed reports of adverse events temporally associated with 

the qHPV vaccine from VAERS between June 1
st
, 2006 to December 31

st
, 2008. During this 

period, VAERS received 12,424 reports of adverse events for an overall reporting rate of 53.9 

per 100,000 doses distributed. As each person can receive up to 3 doses of the qHPV vaccine, the 

reporting rate could be up to 161.7 per 100,000 persons (58). While most of these events (93.8%) 

were classified as non-serious (e.g., syncope, dizziness, nausea, headache, injection site reaction), 

6.2% (772 cases) were classified as serious and included bronchospasm and anaphylaxis. An 

online search of the VAERS database revealed over two thousand reports of SRREs following 

administration of the qHPV vaccine, of which 76 (3.8%) were classified as asthmatic events and 

99 (4.93%) were classified as anaphylactic events (Appendix C). In addition, 1832 (91.3%) were 

considered ‘non-asthma related respiratory diagnoses’, and 33 (1.8%) of these cases were 

classified as bronchospasm. Of these, 20 (26.3%) asthmatic events, 45 (45.4%) anaphylactic 
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events, and 657 (35.9%) non-asthma related respiratory events were classified as “serious” in this 

database. In VAERS, an event is classified as “serious” when it is associated with disability, 

hospitalization or prolongation of hospitalization, life-threatening illness or death (59). In 

addition, over 50% of reported SRREs occurred within 48 hours of vaccination (Figures 2.1-2.3).  
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Figure 2.1 Graph of Vaccination-to-Onset Time for Asthma from the VAERS database 

 

Figure 2.2 Graph of Vaccination-to-Onset Time for Anaphylaxis from the VAERS database 

 

Figure 2.3 Graph of Vaccination-to-Onset Time for Non-Asthma Related Respiratory 

Diagnoses from the VAERS database 
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There are a number of important limitations to passive surveillance systems, such as VAERS, for 

assessing vaccine safety. Firstly, these databases can only generate reporting rates rather than 

incidence rates, as they do not have information on the number of individuals who actually 

received the vaccine (57;59;60). The reporting rate for each vaccine is calculated by dividing the 

number of vaccine-specific adverse events reported in a given year by the total number of doses 

sold the same year. However, reporting rates will underestimate the true incidence of an adverse 

event in instances when multiple doses of the vaccine are administered to an individual or when 

vaccines are stock-piled (i.e., doses sold are not equivalent to doses administered). Secondly, 

VAERS and similar databases were designed to generate, rather than test hypotheses about 

vaccine-induced harms as they do not capture information on the health outcomes of  

unvaccinated individuals (i.e., lacks a comparator group) (57). Thirdly, databases such as VAERS 

capture AEFIs as part of a voluntary reporting system, and as such, are susceptible to reporting 

bias including both under-reporting and over-reporting of cases. Finally, the clinical information 

reported may be incomplete, the diagnoses are not confirmed, and the reported events may not be 

solely attributable to the vaccine (e.g., concomitant medications, underlying disease, etc.). Thus, 

temporal associations reported in passive surveillance databases such as VAERS require 

confirmation using well designed epidemiologic studies. 

2.3.3.2 Active Surveillance System 

The Vaccine Safety Datalink (VSD) was developed to address the limitations of VAERS and 

meet the need for improved monitoring of vaccine safety (61;62). The VSD is a collaborative and 

collective effort between the Centers for Disease Control (CDC)’s Immunization Safety Office 

and nine managed care organizations (MCOs) in the US. The goal of this project is to monitor 

and evaluate immunization safety, allow earlier identification of adverse events, and address gaps 
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in scientific knowledge about rare and serious AEFI (61;63). To achieve this goal, the VSD 

developed an active surveillance system, called Rapid Cycle Analysis (RCA), to monitor and 

detect AEFI for new vaccines so that the public can be informed quickly of possible risks. This 

surveillance system relies on each MCO to gather information on vaccination, medical outcomes, 

birth data, and census data, which collectively includes more than 9 million people in the US each 

year. The collected data is computerized and linked at each MCO and analysed at each site using 

a joint protocol. Since its establishment in 1990, the VSD has proven to be a highly effective tool 

for evaluating the post-marketing safety of vaccines.  

Between August 2006 and October 2009, seven VSD MCOs performed a post-licensure safety 

assessment of the qHPV vaccine among females aged 9-26 years (62). This prospective cohort 

study assessed the association between the qHPV vaccine and eight pre-specified outcomes 

including anaphylaxis that were selected based on safety data from RCTs and reports to the 

VAERS. Following the administration of 600,558 doses of the qHPV vaccine, one case of 

anaphylaxis was identified as being potentially associated with the vaccine, for an estimated 

incidence rate of 0.17 per 100,000 doses (95% CI 0.004-0.93 per 100,000 doses), which is similar 

to that reported for other vaccines (i.e., 0.1 to 1.0 per 100,000 doses) (54;62). However, this study 

did not assess the risk of asthma with the qHPV vaccine. In addition, the VSD has limited power 

to examine the risk of rare adverse events, such as anaphylaxis (62;64). Consequently, the lack of 

association reported in the VSD requires confirmation using well designed epidemiologic studies. 

2.3.4 Additional Safety Evidence 

Furthermore, additional safety evidence from the Institute of Medicine (IOM) and the US 

National Vaccine Injury Compensation Program (VICP) also provide evidence for a possible 

association between the qHPV vaccine and SRREs.  
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2.3.4.1 Institute of Medicine (IOM) 

Following a series of reports requested by the CDC, the Institute of Medicine (IOM) was asked to 

review specific vaccine safety concerns (65). In 2011, the IOM of the National Academies 

published a consensus report summarizing the available evidence for causal relationships between 

certain adverse events and vaccines, including the HPV vaccine. In order for the IOM to “favour 

acceptance of a causal relationship” for the specific vaccine-adverse event relationships, it must 

be supported by either: (i) epidemiologic evidence of moderate certainty (at least one study with 

negligible methodological limitations, or a collection of studies that consistently report the same 

direction of the effect and collectively provides moderate confidence) or (ii) mechanistic evidence 

of intermediate weight (at least two cases for which the IOM committee concludes the vaccine 

may be a contributing cause of the adverse event, based on an overall assessment of the available 

cases and clinical, diagnostic, or experimental evidence consistent with biological response to the 

vaccine).  

The IOM committee reviewed three studies in its evaluation of the epidemiologic evidence for the 

risk of anaphylaxis following immunization with the HPV vaccine (52;53;58). However, the three 

studies were not considered in the weight of epidemiologic evidence as they used data from 

passive surveillance systems, and as such, lacked an unvaccinated comparison group (65). 

Conversely, these three studies contained clinical and diagnostic evidence and as such were 

considered in evaluating the mechanistic evidence for anaphylaxis following immunization with 

the HPV vaccine. No studies were available to provide experimental evidence, as there are 

currently no animal studies assessing the risk for anaphylaxis following qHPV vaccination. The 

study conducted by Kang et al., as previously discussed, identified Australian schoolgirls 

suspected of developing a hypersensitivity reaction to the HPV vaccine; however, no reactions 
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were observed after administration of subsequent doses of the vaccine (53). As such, this study 

did not contribute to the weight of mechanistic evidence. The other two studies by Brotherton et 

al. and Slade et al. previously discussed were considered to contribute to the weight of the 

mechanistic evidence (52;58). From these two studies, 36 cases of anaphylaxis were identified as 

being associated with the HPV vaccine, and contributed to the scientific evidence on the adverse 

event-vaccine relationship. Although there was insufficient epidemiologic evidence to establish 

causality using the IOM criteria, the mechanistic evidence from the 36 cases led the IOM 

committee to conclude that available evidence favoured acceptance of a causal relationship 

between the HPV vaccine and anaphylaxis. However, the lack of good epidemiologic evidence to 

support this conclusion indicates a need for further investigation of this association using well 

designed epidemiologic studies. 

2.3.4.2 US National Vaccine Injury Compensation Program (VICP) 

On October 1, 1988, the National Childhood Vaccine Injury Act of 1986 created the National 

Vaccine Injury Compensation Program (VICP) in the US (66). The VICP was established to 

compensate individuals who have been adversely affected by certain vaccines. All claims are 

filed with the US Court of Federal Claims, which makes the final decision regarding who will 

receive compensation for vaccine injuries. The VICP covers 16 specific classes of vaccines, 

including HPV vaccines which were added in 2007. Since the program’s establishment, 9,525 

vaccine injury and death claims have been dismissed, while 3,023 compensation payments have 

been made. For those compensated claims, over $2.3 billion were disbursed to petitioners and 

over $92 million were paid to cover attorney’s fees and other legal costs.  

As of March 12
th
, 2013, the VICP had received a total of 200 claims for potential HPV vaccine 

related injuries, including nine deaths (67). To date, the US Court of Federal Claims have deemed 
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that 49 of these claims qualified for compensation payments, while 92 claims are still pending 

and 59 claims have been dismissed. Of the 49 compensated claims, 47 were for injury and two 

were for deaths deemed to be caused by the HPV vaccine. The amount awarded to the 49 claims 

compensated totalled nearly $6 M, which is estimated to be approximately $120,000 per claim. 

Unfortunately, information on the nature of the compensated injuries is not publicly available. 

Nevertheless, these compensated claims suggest that exposure to the HPV vaccine can result in 

serious harm in some individuals. 

2.4 Serious Respiratory-Related Events (SRREs) following immunization 

As data on the risk of SRREs following HPV immunization are currently limited, it is important 

to evaluate studies of other vaccines and SRREs to determine the biological plausibility of a 

qHPV vaccine-SRRE association. 

2.4.1 Postulated Mechanism for Vaccine-Induced SRREs 

Although the mechanism for vaccine-induced SRREs is not fully understood, it has been 

postulated that an atopic predisposition may cause an individual’s immune system to become 

sensitized to a foreign substance or allergen, or in this case, a component of the vaccine (e.g, 

antigenic protein, adjuvant) (68). Atopic predisposition implies that an individual has a genetic 

predisposition for developing IgE-mediated hypersensitivity or allergic reaction against an 

allergen (54;68-70). SRREs are believed to arise when a foreign substance or allergen stimulates 

the immune response by binding to allergen-specific IgE antibodies (produced from an earlier 

sensitization process secondary to exposure to the allergen, or in this case, a component of the 

vaccine) on the surface of mast cells and basophils that result in cellular activation and 

degranulation. Subsequently, these cells trigger the release of inflammatory mediators, which 

may also result in dysregulation and dysfunction of the respiratory system, resulting in asthma 
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and anaphylaxis. The type of reaction experienced by an individual may depend on differences in 

pathogenesis, underlying mechanism, and the specific inflammatory mediators released (71-73). 

For example, for asthma, inflammatory mediators such as vasoactive amines, leukotrienes, 

prostaglandins, and other chemokines are released, while for anaphylaxis, the inflammatory 

mediators include histamine tryptase, leukotrienes, platelet activating factor, and other 

chemokines (54;68-70). The activation and degranulation process (via the release of various 

inflammatory mediators) suggests that although differences exist in the expression of these 

disorders, SRREs share a common etiology, that is, immune-mediated reactivity to an allergen, 

including possibly vaccines. 

2.4.2 Evidence from Other Vaccines 

Few epidemiologic studies have assessed the risk for asthma and asthma exacerbation following 

vaccination. Currently, two epidemiologic studies have reported a statistically significant 

association, while another two studies found no association. A retrospective cohort study of 1,934 

patients assessed from birth to age 12 at a family practice in the UK found an increased risk of 

atopic disease, including asthma, following vaccination with whole-cell pertussis compared with 

unvaccinated children (RR 1.76; 95% CI 1.39-2.23) (74). In addition, a population-based cohort 

study reported a significantly increased risk of asthma on the day of influenza vaccination among 

seniors (65 to 79 years of age) during the 1991-2, 1992-3, and 1993-4 influenza season (IRR 

14.93; 95% CI 11.79-18.89, IRR 14.31; 95% CI 11.02-18.59, and IRR 12.12; 95% CI 9.33-15.74, 

respectively) (75). Another population-based retrospective cohort study found a significantly 

increased risk of asthma exacerbations following influenza vaccination among children aged 1 to 

6 in the 1993-4, 1994-5, and 1995-6 influenza season when comparing against unvaccinated 

children (RR 2.2; 95% CI 1.8-2.6, RR 1.5; 95% CI 1.3-1.7, and RR 1.4; 95% CI 1.2-1.5, 
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respectively) (76). However, after adjusting for asthma severity using a case series analysis, this 

association demonstrated a protective effect (IRR 0.78; 95% CI 0.55-1.10, IRR 0.59; 95% CI 

0.43-0.81, and IRR 0.65; 95% CI 0.52-0.80, respectively). Furthermore, a meta-analysis of 

observational studies reported no statistically significant association between either whole-cell 

pertussis or Bacilli Calmette-Guérin (BCG) vaccinations and the incidence of asthma during 

childhood and adolescence (OR 0.99; 95% CI 0.78-1.25 and OR 0.98; 95% CI 0.88-1.08, 

respectively) (77). Thus, the possible association between asthma and asthma exacerbations and 

vaccination requires further study as the results available to date are conflicting and inconclusive.  

In addition, it is important to study vaccinations as a potential putative agent in the development 

of anaphylaxis as there is limited epidemiologic evidence to date. Presently, an increased risk for 

anaphylaxis has been observed following exposure to the measles-mumps-rubella, hepatitis B, 

diphtheria-tetanus-pertussis, Haemophilus influenza type b, or oral polio vaccine with an 

estimated reporting rate of 0.65 cases/million doses (95% CI 0.21-1.53) (78), and the yellow fever 

vaccine with an estimated reporting rate of 0.76 per 100,000 doses (79).  

Given that serious respiratory-related events can be life-threatening, and the populations 

vaccinated are typically young and healthy children and adolescents, it is necessary to assess new 

vaccines for their potential to trigger serious respiratory-related events.   

2.5 Serious Respiratory-Related Events (SRREs) 

In order to study the possible association between SRREs and the qHPV vaccine, it is important 

to study the nature of the disease with regards to its clinical manifestation, time to onset, 

diagnosis, and risk factors as it will impact the ability to detect these SRREs using administrative 

health databases. 
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2.5.1 Asthma and Asthma Exacerbations 

Asthma is a chronic respiratory disease that leads to intermittent coughing, dyspnea, wheezing, 

and chest tightness (80). The onset of asthma can be an immediate, acute or delayed reaction to a 

trigger (e.g., irritant or allergen) and is characterized by airway inflammation, variable airflow 

obstruction, and bronchial hyperresponsiveness (81). Exposure to irritants and/or allergens can 

also cause an acute exacerbation of asthma in those with pre-existing disease. Typically, asthma 

exacerbations occur within 24 hours of exposure, and can last from minutes to days (82). Severe 

acute asthma exacerbations (termed “status asthmaticus”) can be fatal, due to respiratory failure 

(83). 

The diagnosis of asthma is based on supplementing personal history with objective measures of 

lung function in individuals over the age of 6 (80). There are three objective measures of 

pulmonary function that are supportive of an asthma diagnosis including, (i) a spirometry test 

which measures reversible airflow obstruction after the administration of a bronchodilator, (ii) a 

peak expiratory flow (PEF) rate test which measures variable airflow limitation over time, (iii) or 

a positive challenge test which measures airway hyperresponsiveness. Of these, the spirometry 

test is the preferred measure of pulmonary function. As a diagnosis of asthma combines personal 

history and any of the three pulmonary function tests, there is variability in the time lag between 

the onset of disease symptoms and the date of diagnosis. 

The etiology of asthma is not fully understood, although it is believed to involve gene-

environment interactions (84). Previous research has demonstrated that family history of asthma, 

tobacco smoke, and exposure to allergens and infections are risk factors for the development of 

asthma (85-89). Asthma exhibits seasonal periodicity, which is believed to be due to seasonal 

variations in environmental exposure to allergens and infections (90). For individuals aged 5 
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through 34 years in the US, asthma hospitalizations have been recorded to peak in September 

through November, whereas asthma mortality peaks between June and August (90). These trends 

differ when compared to older adults, in which this demonstrates that there is also an age-specific 

seasonal variation in the clinical expression of asthma (90). Other factors that have been proposed 

as determinants of asthma, although less extensively studied, include bottle-feeding during 

infancy, ethnicity, household income, number of older siblings, pets, day care attendance, birth 

weight, gestational age, previous history of atopy (i.e. eczema, allergic rhinitis, etc.), history of 

autoimmune disorders, history of non-asthma related respiratory diagnoses (i.e. emphysema, 

pneumonia, bronchitis, etc.), and vaccination (91-108). Thus, any study that assesses the risk of 

asthma will need to consider these risk factors as potential confounders. 

2.5.1.1 Hygiene Hypothesis 

The reason for the dramatic increase in the global prevalence of atopic disorders and asthma over 

the last few decades is unclear. Although genetic predisposition is a fundamental factor in 

developing susceptibility to atopic disease, it is unlikely to be the sole reason for this increase as 

the rise in atopy has occurred within too short a time frame to be explained by a genetic shift in 

the population (109-111). As such, the increase in atopic diseases has been considered to be, in 

part, due to lifestyle and environmental influences.  

The ‘hygiene hypothesis’ was first proposed in 1989 by Strachan who followed over 17,000 

British children born in 1958 and observed an inverse relationship between family size and the 

development of atopic disorders (110). He proposed that a lower incidence of infection in early 

childhood, normally spread by unhygienic contact with older siblings, could be an explanation for 

the rise in allergic diseases (111). Subsequently, this hypothesis has evolved into the broader 

notion that a cleaner lifestyle and environment has led to decreased exposure to certain microbes 
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and other antigens that are essential for the development of immunoregulatory mechanisms. 

Examples of reduced microbial exposure from increasingly hygienic lifestyles and environments 

include clean water and food, sanitation, antibiotics, and other medical and public health 

measures. This has led to a reduction in stimulation of the immune system from fighting 

infections to developing more atopic diseases, such as asthma and anaphylaxis. 

The hygiene hypothesis predicts that vaccination could influence susceptibility to atopic diseases 

as the antigenic components of a vaccine could act as an allergen and trigger the immune system 

(111). Hurwitz et al. reported a two-fold increase risk of allergies, asthma, and allergy-related 

respiratory symptoms among children and adolescents in the US immunized with diphtheria- 

pertussis-tetanus (DPT) or tetanus vaccine when compared to unvaccinated children (112). 

Conversely, Ring et al. found that East Germans who administered the pertussis vaccine 

experienced lower rates of asthma compared to their West German counterparts, many of whom 

rejected the vaccine (113). As such, epidemiologic studies have not confirmed either a beneficial 

or adverse effect of vaccination on atopic tendencies (111).  

2.5.2 Anaphylaxis 

Anaphylaxis is an acute, systemic allergic reaction with multi-organ-system involvement that is 

usually rapid in onset and may be life-threatening (114). This SRRE is commonly characterized 

by respiratory (e.g. dyspnea, upper respiratory tract obstruction, bronchospasm), circulatory (e.g. 

flushing, hypotension, cyanosis), gastrointestinal, cardiovascular (e.g. arrhythmias, cardiac 

arrest), and skin or subcutaneous (e.g. hives, rash, itching) symptoms (114;115). The onset of 

signs and symptoms usually occurs within minutes of exposure to a known or potential trigger but 

occasionally occurs as late as 1 hour post-exposure (115). Symptoms typically follow a uniphasic 

course, with resolution occurring within hours of treatment, but about 10-20% of anaphylactic 
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reactions follow a biphasic course (116;117). The manifestation of symptoms (i.e., onset, course, 

and number) can vary between individuals, as well as within an individual and from one 

anaphylactic event to another (114). Consequently, it is difficult to predict the rate of progression 

or ultimately the severity of an anaphylactic event. Most cases make a full recovery; however, 

severe cases can be fatal secondarily due to respiratory or cardiac arrest.  

The diagnosis of anaphylaxis is based primarily on a detailed history of the anaphylactic episode, 

including information about all exposures and events in the hours preceding the onset of signs 

and symptoms (114). Pattern recognition is the key to diagnosis, by assessing for the rapid onset 

of characteristic signs and symptoms soon after exposure and followed by a rapid progression of 

signs and symptoms over hours. If the diagnosis of anaphylaxis is suspected, but not clear, 

obtaining blood samples for laboratory tests to assess histamine and tryptase levels within a few 

hours of the onset of the episode will also help provide confirmatory diagnosis. Consequently, for 

most cases of anaphylaxis, there is minimal time lag between the onset of symptoms and the date 

of diagnosis.  

Anaphylactic reactions may occur as a result of an environmental exposure to almost any 

substance including food, aeroallergens, insect venom, drugs, and vaccinations (54;78). 

Additionally, research has suggested that factors such as a history of atopy, anaphylaxis, 

autoimmune disorders, and non-asthma related respiratory disorders may predispose an individual 

to anaphylaxis, although these potential risk factors have been less extensively studied (117-121). 

As such, like asthma, the etiology of anaphylaxis appears to involve gene-environment 

interactions. In addition, these risk factors will need to be considered as potential confounders.  
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2.5.2.1 Sabrina’s Law 

Awareness of anaphylaxis has changed over time and has been heightened by the death of 13-

year-old Ontario student, Sabrina Shannon, in her school cafeteria in 2003 (122). The case of 

Sabrina’s death brought children at risk of anaphylaxis to the forefront of public policy in 

Canada. In May 2005, the Ontario government passed into law, Bill 3: An Act to Protect 

Anaphylactic Pupils: Sabrina’s Law (122). Effective on January 1
st
, 2006, this was the first 

legislation in the world to protect children with life threatening allergies. This law ensures all 

publicly funded school boards in Ontario have policies and procedures in place to address 

anaphylaxis in schools. It includes: (i) strategies to reduce risk of exposure to anaphylactic 

causative agents, (ii) a communication plan for dissemination of information on life-threatening 

allergies, (iii) providing regular training and guidance to staff on the administration of 

medication, and (iv) requirement that every school principal establish individual emergency 

management plans for pupils at risk of anaphylaxis.  

The implementation of this legislation has heightened public awareness about severe allergic 

reactions including anaphylaxis, which could increase the risk of detection bias where the 

probability of a diagnosis differs as a function of exposure status (123). Although Sabrina’s law 

had heightened awareness about the dangers of anaphylaxis, this has only been in the context of 

food allergies, not vaccines. Nevertheless, detection bias will need to be considered as a possible 

explanation if an increased risk is observed in this study.  

2.6 Factors Associated with Uptake of the qHPV vaccine 

The qHPV vaccine is offered to all of Ontario’s Grade 8 girls through a publicly-funded, school-

based immunization program on a voluntary basis for which the decision to vaccinate is delegated 

to the girls’ parents or legal guardians. If factors influencing qHPV vaccine uptake are also 



 

 

 

33 

determinants of SRREs, then confounding bias could be introduced in a study comparing 

vaccinated to unvaccinated girls.  

Although $117 million have been invested in the school-based HPV vaccination program in 

Ontario, there is currently limited information about the factors that contribute to the uptake of 

the vaccine and the reasons for vaccine refusal. Studies published to date have suggested that 

vaccine acceptance is, in part, determined by factors such as fear of vaccine-induced side effects, 

moral and religious values, parental health beliefs (e.g. susceptibility to infection, beliefs in the 

safety of vaccine reported), past medical history, information and beliefs from celebrities and 

influential figures, and knowing a person that is believed to have suffered a real or perceived 

vaccine injury (31;124-127). 

Specifically, with regards to the qHPV vaccine, two Canadian studies have assessed the factors 

associated with receipt of the qHPV vaccine. A cross-sectional study of 2,025 parents of girls 

enrolled in grade 6 between September 2008 to June 2009 in the province of British Columbia 

found that the main reasons for receiving the qHPV vaccine were vaccine effectiveness (47.9%), 

advice from a physician (8.7%), and concerns about their daughter’s health (8.4%) (29). Whereas, 

the main reasons for refusing the qHPV vaccine were concerns about the vaccine’s safety 

(29.2%), preference to wait until their daughter is older (15.6%), and insufficient information to 

make an informed decision (12.6%). In addition, a retrospective cohort study of Ontario’s Grade 

8 girls eligible for the HPV vaccination program in the Kingston, Frontenac, Lennox, and 

Addington (KFL&A) area between 2007 and 2009 found that vaccination history was the 

strongest predictor for receiving the qHPV vaccine (OR 4.89; 95% CI 4.04-5.92) (25). This study 
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also found that girls from low income neighbourhoods had the lowest odds of being vaccinated 

(OR 0.45; 95% CI 0.28-0.72).   

Unfortunately, many of the factors associated with vaccine uptake are difficult to measure, and 

many remain unknown. Even if these factors were known, in most cases, the required information 

would not be available in administrative health databases. As such, special design and/or 

analytical techniques will need to be employed to control for these sources of potential 

confounding. 

2.7 Summary 

To date, no studies have specifically examined the potential role of the qHPV vaccine as a 

determinant of asthma and anaphylaxis despite the biological plausibility of this association and 

evidence of a similar association with a number of other vaccines. In addition, the strength and 

quality of the harms evidence from RCTs of the HPV vaccine has been shown to be weak as most 

trials were underpowered and subject to reporting bias. Finally, although analyses of post-

marketing surveillance data have, thus far, reported no increased risk for serious adverse effects, 

these studies had a number of important limitations including lack of statistical power, use of 

inappropriate comparator groups, and the inability to control for unknown and unmeasured 

confounders.  

Since parental concerns about the safety of the qHPV vaccine has been identified as a major 

barrier to the acceptability of the qHPV vaccine, as evidence by the low uptake of the HPV 

vaccine in Ontario and elsewhere, a large, population-based cohort study is needed to address this 

clinically relevant population heath question about the risk of SRREs following qHPV vaccine in 

adolescent girls.   
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Chapter 3 

Methods 

3.1 Study Objectives 

The purpose of this thesis was to determine whether the use of the qHPV vaccine increases the 

risk of serious respiratory-related events (SRREs) among Grade 8 girls in Ontario. The thesis 

objectives were to: 

1. Determine whether the use of the qHPV vaccine increases the risk of incident asthma and 

asthma exacerbation (analyzed separately). 

2. Identify the factors that may predispose a girl to asthma and asthma exacerbation 

following qHPV vaccination. 

3. Explore the association between exposure to the qHPV vaccine and the risk of 

anaphylaxis. 

3.2 Study Overview 

A retrospective, population-based, cohort study was conducted to assess the risk of SRREs 

associated with the use of the qHPV vaccine. The study cohort included all grade 8 girls eligible 

for Ontario’s qHPV immunization program during the first four years of the program (2007-

2011). Cohort members were identified using the province’s Registered Persons Database 

(RPDB) with their birth year (i.e., birth cohorts) as information on school grade was not 

available. The vaccination status of each cohort member was determined using the IRIS database 

and the outcomes of interest were identified using individual-level record linkage with data on 

physician services claims, hospitalizations, emergency department (ED) visits, and the Ontario 

Asthma Database. The self-controlled case series (SCCS) method, a self-matched, case-based 
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analysis, was used to assess the effect of HPV vaccination on the risk of SRREs while controlling 

for the potentially biasing effect of unmeasured or unknown, time-independent confounders. Rate 

ratios (RRs) and 95% confidence intervals for each outcome were estimated using conditional 

Poisson regression.  

3.3 Data Sources and Quality 

This thesis used data from four administrative health databases in Ontario, as well as the IRIS and 

ASTHMA databases (see Appendix D for a detailed description of these databases). The four 

administrative health databases are generated by the universal health care programs offered to 

Ontario residents, and use of these databases for health research is available through the Institute 

for Clinical Evaluative Sciences (ICES) (1;2). The IRIS database is maintained by each of 

Ontario’s 36 PHUs, and access to this database was obtained through Data Sharing Agreements 

between the PHUs and ICES (for more information, see section 3.4 and 3.5). The ASTHMA 

database was created by Dr. Teresa To, an ICES scientist, and it acts as a population-based 

longitudinal surveillance system for asthma. Collectively, access and use of the aforementioned 

databases was through the ICES satellite unit located at Queen’s University (ICES Queen’s). 

3.3.1 Registered Persons Database (RPDB) 

The RPDB database was used to identify the study cohort and the socio-demographic information 

of each cohort member as it contains information on sex, date of birth (DOB), date of death, 

postal code, and health service eligibility status. This database is a population-based register 

maintained by the MOHLTC that enumerates every Ontarian insured by the Ontario Health 

Insurance Plan (OHIP) (3). Although the RPDB data is known to be accurate, it can contain 

outdated or incorrect postal codes, as residents do not routinely inform OHIP of address changes. 

To address this concern, ICES linked the RPDB with multiple core databases held within ICES to 
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create an enriched version of the RPDB that provides more accurate information on socio-

demographic information such as neighbourhood income quintiles and place of residence 

(urban/rural) (3;4). 

3.3.2 Ontario Health Insurance Plan (OHIP) Database 

The OHIP database was used to capture information on health care utilization, medical histories, 

and dates and diagnoses of the outcomes of interest (asthma, asthma exacerbation, and 

anaphylaxis) by physicians who claim under the publicly funded system. This database contains 

information on out-patient claims for all reimbursable services provided by physicians (and other 

designated health care professionals) including date of physician visit, ordering laboratory tests, 

diagnostic procedures, and diagnoses related to office consultation (5). Submitted claims in the 

OHIP database correspond to 90-95% of all physician services (4). Potential sources of 

misclassification include: (i) incorrect OHIP service dates for a small percentage of records 

(although they tend to fall within a week of the Canadian Institute for Health Information (CIHI) 

record dates), (ii) lack of validation for numerous diagnostic codes, (iii) use of truncated 

International Classification of Diseases (ICD)-9 diagnostic codes, thereby representing major 

disease categories rather than specific diseases, and (iv) missing data due to healthcare providers 

forgetting to bill for their services (6). 

3.3.3 Discharge Abstract Database (DAD) from the Canadian Institute for Health 

Information (CIHI) 

The Discharge Abstract Database (DAD) database, maintained by CIHI, was used to obtain 

information on health care utilization and medical histories, as well as to identify cases of asthma, 

asthma exacerbation, and anaphylaxis requiring an acute-care hospital visit. This database 

contains detailed information related to all hospital admissions, including diagnoses (coded using 
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ICD-9 and ICD-10), procedures, dates and times of admission and discharge, and length of stay 

(5;7). A re-abstraction study found that demographic data and most procedures were coded with 

high sensitivity (> 80%) and near-perfect specificity (> 95%). However, co-morbidities were 

generally very poorly documented (65-67%) (8;9). The latter may be explained by the fact that 

hospital data is intended to capture active care, and as such, comorbidities not requiring care (e.g., 

stable disease) are not likely to be captured.  

3.3.4 National Ambulatory Care Reporting System (NACRS) Database 

The National Ambulatory Care Reporting System (NACRS) database, also maintained by CIHI, 

was used to determine information on health care utilization and medical histories, as well as to 

ascertain cases of asthma, asthma exacerbation and anaphylaxis seen at an emergency department 

(ED). This database collects information related to ED visits, same day surgery, and other 

outpatient services, including diagnoses, procedures, and length of stay (10). A re-abstraction 

study reported high accuracy for demographic data, financial and institutional data, and visit and 

assessment data.  There was also high agreement for the selection of the patient’s main problem 

(sensitivity 85.5%; 95% confidence interval, CI 83.6-87.4), but much lower agreement (68.8%) 

for the choice of diagnostic code used to describe the main problem (11). In addition, there was 

an under-reporting of interventions performed and of concomitant problems.  

3.3.5 Immunization Records Information System (IRIS) Database 

The IRIS database, administered by Ontario’s 36 PHUs, was used to obtain information on 

vaccination history, HPV vaccination status, date of HPV vaccination, and number of HPV 

vaccine doses received. The IRIS database was developed in 1993 by the MOHLTC to track and 

record immunizations mandated by the Immunization of School Pupils Act (1982) and the 

Amended Act (1984) for all school-aged children attending registered schools and children 
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attending licensed daycares in the province (12;13). Also, in the event that a child transfers from a 

school in a different area in Ontario, parents/ legal guardians are required to provide the child’s 

immunization records to the local PHU so that the information can be recorded into the IRIS 

database (14). As such, this database is used to maintain detailed individual-level records on all 

mandatory and most optional childhood vaccines, including the qHPV vaccine.  

For the purposes of this thesis, the IRIS database provided information on biological exposure to 

the HPV vaccine since each dose is documented by a public health nurse (or physician) at the 

time of administration. This database also captures self-reported information on the HPV 

immunization of eligible girls who obtained vaccination outside of the publicly funded program 

(i.e. before or after Grade 8). Although the validity of these reports has not been evaluated, they 

are expected to represent a very small proportion of all HPV vaccinations due to the high cost of 

the vaccine (approximately $400.00 Canadian) and the availability of a publicly funded school-

based immunization program.  

In Ontario, vaccination records for children and students are maintained by individual PHUs 

using the IRIS database. The platform for these databases was developed by the MOHLTC for 

which the Medical Officer of Health (MOH) of the individual PHU is the legal data custodian 

under the province’s Personal Health Information Protection Act (PHIPA, 2004). Presently, the 

IRIS databases of 32 PHUs have been transferred to ICES and 21 of these have been record 

linked with the province’s administrative health databases and were available for analysis.  

A re-abstraction study of the Kingston, Frontenac, Lennox and Addington Public Health 

(KFL&A) IRIS database during their 2007/08 and 2008/09 HPV vaccination programs 

demonstrated that this database is both a valid and accurate source of information for capturing 

individuals’ HPV vaccination status with a sensitivity of 99.8% (95% CI 99.3-99.9) and a 
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specificity of 97.7% (95% CI 96.3-98.7) for vaccination status, and an accuracy of 98.6% for 

vaccination dates (15). In addition, 95.6% of individuals in IRIS were successfully linked with 

Ontario’s population registry of insured persons (i.e., RPDB database) (12;16). 

3.3.6 Ontario Asthma Database (ASTHMA) 

The Ontario Asthma Database (ASTHMA), also known as the Ontario Asthma Surveillance 

Information System (OASIS), is a population-based longitudinal surveillance system for asthma 

that was used to ascertain incident and prevalent cases of physician-diagnosed asthma in Ontario 

(17). This database, created by Dr. Teresa To and other researchers at ICES, uses the OHIP, 

CIHI-DAD and RPDB databases to identify residents who have been diagnosed with asthma. The 

ASTHMA database contains cumulative information on the incident and prevalent dates of 

asthma diagnoses identified using an algorithm that has been validated through two chart abstract 

studies (5;18). New asthma cases are ascertained with high sensitivity (89%) and good specificity 

(72%) for children aged 0 to 17. 

3.4 Data Access, Linkages and Management 

Access to Ontario’s administrative health databases housed at ICES was secured through Dr. 

Linda Lévesque’s appointment as an ICES Research Scientist. Furthermore, this thesis was part 

of a larger study that has undergone internal review at ICES and was approved by the institute’s 

President and CEO. Access to the IRIS database was obtained through Data Sharing Agreements 

between the PHUs and ICES. Copies of the IRIS database were electronically transferred from 

the PHUs to ICES in Toronto (ICES-Central) by means of a high-encryption, secured and 

monitored portal. 
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In Ontario, residents eligible for the province’s universal health insurance programs are given a 

unique health insurance (OHIP) number that allows positive identification during clinical 

encounters. The OHIP number is converted to a unique encrypted identifier at ICES, also known 

as the ICES key number (IKN). This IKN is present in each of the administrative health databases 

and permits complete record linkage, at the level of the individual, across databases and across 

time. As the IRIS database was not originally available in the ICES data holding an ICES data 

custodian used the data in IRIS to identify the IKN corresponding to each IRIS record. The 

majority of IKNs (> 95%) were identified using deterministic linkage based on an individual’s 

OHIP number. For individuals where the OHIP number in IRIS was either not available or not 

valid, their IKN was identified using probabilistic linkage based on first and last names, date of 

birth, and sex. 

All data for this thesis were stored on the ICES-Central server and accessed locally at ICES 

Queen’s using a high encryption, secured portal. Both ICES sites have a number of privacy and 

security safeguards in place to ensure the confidentiality and security of personal health 

information. 

3.5 Cohort Assembly 

Girls eligible for Ontario’s HPV vaccination program were identified using their birth year in the 

RPDB database as school grade is not captured in any of the available databases and girls 

typically turn 13 by December 31
st
 of their grade 8 year (Appendix E). As such, girls born 

between 1994 and 1997 were eligible for the first four years of the province’s vaccination 

program (2007/08-2011/12). These girls were followed from September 1
st
 of their grade 8 year 

(cohort entry or t0) until their date of death, date the IRIS database was transferred to ICES, or 

March 31
st
, 2012 (end of study), whichever came first. Girls whose immunization records were 
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either not available or were inactive at the time of the analysis (i.e. no modifications to their 

immunization record within a month preceding cohort entry when school board lists are 

downloaded to IRIS), were excluded from the cohort. The latter were excluded as girls with 

inactive immunization records were likely to have moved from either the health unit or the 

province. In addition, girls who were immunized with the HPV vaccine or who died before their 

program eligibility (i.e., cohort entry) were excluded from the cohort. 

3.6 Ascertainment and Classification of Exposure 

The vaccination status and dates of vaccination of individual cohort members was ascertained 

using the IRIS database. For the purposes of describing exposure histories, a girl was classified as 

‘vaccinated’ if she received at least one dose of the HPV vaccine, otherwise she was classified as 

‘unvaccinated’.  

For the purposes of the safety analysis, a girl was considered ‘biologically’ exposed for a 

predetermined time period following vaccination during which the outcome of interest would be 

considered attributable to the effects of the vaccine (i.e., exposure risk period). The start of the 

exposure risk period following each dose (i.e., start of ‘exposed’ follow-up or person-time) was 

the date of vaccination. The duration of the etiologically relevant exposure risk period was based 

on the following criteria: (i) the underlying biological mechanisms through which the vaccine-

induced outcome of interest was thought to occur, (ii) the duration used in other vaccine-SRRE 

studies, and (iii) the ‘time-to-adverse event’ reported in the VAERS database for relevant case 

reports. 

As previously discussed in section 2.5, the etiology of SRREs is, for the most part, unknown. 

However, it is well established that anaphylaxis is an immediate reaction (within minutes to a few 
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hours) to exposure to an antigen, whereas asthma can be an immediate, acute or delayed reaction. 

Previous studies that have investigated the potential for vaccine-induced respiratory-related 

events have defined their exposure risk period using a risk-interval design. Of the eight studies 

that assessed the risk of asthma and asthma exacerbation following vaccination, one used a risk 

period of 0-15 days post-vaccination, four used 0-14 days, one used 0-10 days, and two used 0-7 

days (19-26). While there was some variation in the duration of the exposure risk period chosen 

by these studies, the timing of the risk period (i.e., acute) was similar across studies. Two studies 

that assessed the risk of anaphylaxis following vaccination used a risk period of 0-2 days post-

vaccination (27;28). In addition, based on the ‘time-to-adverse event’ reported in the VAERS 

database, the vast majority of cases of anaphylaxis appear to have occurred on the same day as 

exposure (i.e., day 0), whereas the vast majority of reported cases of asthma appeared to have 

occurred between days 0-2 (See section 2.3.3.1 Figure 2.1-2.3).  

Based on the evidence presented above, the etiologically relevant exposure risk periods (i.e., 

follow-up time considered to be biologically ‘exposed’) chosen a priori for the primary analysis 

were days 0-2 for incident asthma and asthma exacerbation, and 24 hours for anaphylaxis 

(Appendix F). In other words, if an outcome occurred during these time periods it was attributed 

to the vaccine dose (i.e., exposed event), otherwise it was considered an unexposed event. 

Secondarily, to determine the period of highest risk, the exposure risk periods for incident asthma 

and asthma exacerbations were time-stratified as: (i) day 0 (i.e., same day), (ii) days 1-2, (iii) days 

3-7, (iv) days 8-14, and (v) days 15-30. 

3.7 Ascertainment and Classification of Outcomes 

The outcomes of interest were a diagnosis of incident asthma, asthma exacerbation, and 

anaphylaxis, occurring any time after cohort entry. Each study outcome was analyzed separately 
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and the date of diagnosis was taken as the event date. The analysis for incident asthma was 

carried out among girls with no prior history of this disease, whereas that for asthma exacerbation 

was carried out among girls with a history of asthma prior to cohort entry. The analysis for 

anaphylaxis was carried out using the full cohort. An individual’s outcome status was ascertained 

using the physicians’ services claims database (OHIP), the hospitalizations database (CIHI-

DAD), the emergency department (ED) visits database (NACRS), and physician-diagnosed 

asthma cases from the ASTHMA database using the diagnostic codes and algorithms described in 

Appendix G.  

3.7.1 Incident Asthma 

Two studies have assessed the validity of the algorithm for identifying physician-diagnosed 

asthma using Ontario’s administrative health databases. One validation study found that the use 

of one diagnostic code for asthma for physician visits (i.e., OHIP) resulted in high case 

ascertainment with a sensitivity of 91.4% (range 71.4-100.0) and a specificity of 82.9% (range 

69.0-90.9) for individuals’ ≤ 18 years of age (Appendix H) (18). The other validation study 

identified cases of pediatric asthma (≤ 18 years) using ≥ 2 diagnostic codes for an ambulatory 

care visit (OHIP) within a two year period and/or ≥ 1  hospitalization (CIHI-DAD) code ever also 

reported a high sensitivity (89.0%) but only moderate specificity (72.0%) (5;17). Although both 

studies showed high sensitivity, the algorithm from the second study is used by ICES to create the 

ASTHMA database. As such, it represents the accepted case definition for identifying patients 

with physician-diagnosed asthma using Ontario’s health administrative databases. However, this 

validated case definition does not include information from ED visits (NACRS) where cases of 

acute asthma are likely to present. Thus, the case definition used in the ASTHMA database was 
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supplemented with information from the NACRS database (≥ 1 diagnostic code from an ED visit 

for asthma) for the primary outcome definition of incident cases of asthma (Appendix I). 

 

3.7.2 Asthma Exacerbation 

Cases of asthma exacerbation were identified among girls with a prior history of asthma along 

with using only the hospitalizations (CIHI-DAD) and ED visits databases (NACRS). A girl was 

considered to have had an asthma exacerbation if she had either a hospitalization or an ED visit 

coded as asthma. Asthma codes from physicians’ services claims (OHIP) were not used for the 

asthma exacerbation case definition as it is not possible to differentiate between claims submitted 

for routine follow-up of existing asthma from claims for an exacerbation using this data source. 

While this approach likely reduced the number of cases of asthma exacerbation identified, it had 

the advantage of being less susceptible to misclassification.   

While the algorithm used to identify cases of asthma exacerbation has not been validated per se, 

that for asthma has and the clinical manifestation of asthma exacerbation is similar to that of 

incident asthma. 

3.7.3 Anaphylaxis 

There are currently no validated case definitions for anaphylaxis using administrative health data. 

However, one study validated an algorithm for drug-related anaphylaxis in individuals ≤ 19 years 

of age based on the use of  ≥1 ED visit for anaphylaxis or the involvement of at least two systems 

(dermatologic, respiratory, and/or cardiovascular), and any drug related adverse event code. This 

algorithm resulted in perfect sensitivity (100%, 95% CI 79-100), but very low specificity (28%, 

95% CI 16-43) (29). As such, the case definition was developed in consultation with a clinical 
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immunologist (Dr. Anne Ellis) and was based on ≥ 1 diagnostic code from an ED visit (NACRS) 

or ≥ 1 hospitalization (CIHI-DAD) with a discharge diagnosis of anaphylaxis (Appendix I). 

3.8 Statistical Analysis 

All statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc., USA) and 

STATA version 12 (Statacorp, USA). 

3.8.1 Descriptive Analysis 

The distribution of baseline socio-demographic characteristics, health services utilization, 

medical histories, and vaccination histories of vaccinated and unvaccinated girls was compared 

using cross-tabulations. The socio-demographic characteristics considered included age at cohort 

entry, mean duration of follow-up, place of residence (urban vs. rural), and neighbourhood 

income quintile, and were ascertained using the RPDB database.  

Health services utilization was determined using the CIHI-DAD, NACRS, and OHIP databases, 

and was based on the number of hospital admissions, length of stay for hospitalizations, number 

of ED visits, number of outpatient physician visits, and physician speciality occurring in the year 

preceding cohort entry. Each type of health service was considered separately and was used as an 

indicator of the girls’ health status and propensity for using the health services.  

Vaccination history was obtained from the IRIS database, and included the receipt of non-HPV 

optional vaccines (i.e., hepatitis B and meningococcal conjugate), mandatory vaccines (i.e., 

measles, mumps and rubella (MMR) and diphtheria, pertussis, and tetanus (DPT)), acceptance of 

all four optional and mandatory vaccines, and refusal of all four optional and mandatory vaccines. 

The MMR and DPT vaccines are mandatory vaccines that, unlike the HPV vaccine, are 

administered in early childhood. However, similar to the HPV vaccine, the safety of these two 
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mandatory vaccines has also been questioned. On the other hand, the hepatitis B and 

meningococcal conjugate vaccines are similar to the HPV vaccine in that they are optional 

vaccines, and administered to a similar age-group (i.e. children in Grade 7) through school-based 

clinics. As refusal of mandatory vaccines is relatively uncommon, refusal of optional vaccines 

was considered an indicator of anti-vaccine sentiments and of parental beliefs and values about 

vaccines. Overall, vaccination history was used to assess parental acceptance of publicly funded 

immunization programs (i.e., a proxy for parental beliefs and values and vaccine acceptance). 

Medical history was established by identifying conditions leading to a hospital admission (CIHI-

DAD), an ED visit (NACRS), or a physician visit (OHIP) occurring at any time prior to cohort 

entry. However, as the use of a single physician diagnostic (OHIP) code often results in high 

sensitivity, but also a high rate of false positives, all medical diagnoses identified using OHIP 

claims required at least two physician claims for the same diagnosis within one year to be 

considered a ‘true’ illness. Medical conditions of interest included a history of asthma, 

anaphylaxis, atopy, non-asthma related respiratory diagnoses, autoimmune disorders, and a 

composite diagnosis consisting of other medical diagnoses of interest (i.e. congenital anomalies, 

cancer, etc.). These medical conditions were identified a priori in consultation with two clinician-

scientists (a respirologist and a clinical immunologist). In addition, the chosen diagnoses 

represent an indicator of the girls’ health status, the decision to vaccinate, as well as the risk of an 

adverse event following immunization. 

3.8.2 Primary Analysis 

Traditionally, cohort data is analyzed using time-to-event Cox Proportional Hazards regression. 

However, as little is known about the determinants of HPV vaccine uptake, and knowledge of the 

risk factors for the outcomes of interest is limited, a traditional cohort analysis comparing 
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outcome rates for vaccinated and unvaccinated girls could have resulted in biased results from 

unknown and unmeasured confounders (30). Moreover, such a comparison could have biased the 

results of the safety analysis towards the null given the well-established problem of the healthy 

vaccinee bias (31). Consequently, the self-controlled case series method, also known as the case 

series method, was used to undertake the safety analysis. 

3.8.2.1 The Self-Controlled Case Series (SCCS) Method 

The Self-Controlled Case Series (SCCS), a case-based, self-matched method, has the advantage 

of inherently controlling for all time-fixed confounders, including those that are unknown and 

unmeasured (e.g., genetic susceptibility, beliefs, values, and attitudes) as cases are compared to 

themselves over time (32). This analytical strategy, developed specifically for the study of post-

licensure vaccine safety, is particularly well suited for the assessment of the effects of transient 

(time-varying) exposures on acute outcomes (33;34). In addition to controlling all time-

independent confounders, this method is also able to adjust for the potentially confounding effects 

of age or temporal variation in the baseline incidence of the outcome. One important limitation of 

the SCCS method is the inability to provide estimates of the absolute incidence for the outcome 

of interest. 

The SCCS method has three assumptions, in which the assumptions are: (i) all events must be 

random and arise in an independent, non-homogenous Poisson process, (ii) the occurrence of an 

event must not alter the probability of subsequent exposure, and (iii) the occurrence of an event 

must not censor or affect the observation period (i.e. death) (35).  

The three assumptions for the SCCS method were investigated to ensure that this approach was 

appropriate for the safety analysis. The first assumption may be violated if there are multiple 

events that cluster within an individual, and as such, the events may not be independent. 
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However, as the analysis was restricted to the first event, only by design, this assumption was 

automatically fulfilled. The second assumption was tested by comparing the proportion of cases 

that did and did not received a subsequent dose after an event, and by comparing the proportion 

of girls that obtained subsequent doses for cases and non-cases. The third assumption can only be 

violated if the event is death or the event increases the short-term death rate (i.e., censored 

observation period). This assumption was met by design as asthma and anaphylaxis are rare 

events that are associated with very low case fatality rates in the age group studied (32;35). 

Nevertheless, the number of girls who died during follow up was assessed.  

3.8.2.2 Primary Safety Analysis 

For the SCCS analysis, all individuals with an outcome of interest (i.e., cases) during the study 

period were identified. Each case’s observation time was divided into ‘exposed’ and ‘unexposed’ 

person-time using the pre-specified, outcome-specific exposure risk periods previously described 

(Figure 3.1). The duration of the exposure risk windows for the primary safety analysis was 0-2 

days following each dose of the HPV vaccine for asthma and asthma exacerbation, and same day 

(0 days) for anaphylaxis. A case was considered ‘exposed’ if it occurred during an exposure risk 

period, otherwise it was classified as ‘unexposed.’ The incidence rate for ‘exposed’ follow up 

time was compared to that for ‘unexposed’ follow up time, and the incidence rate ratios (RRs) 

and 95% CI for each event was estimated using conditional Poisson regression to account for the 

self-matched nature of the analysis. The potentially confounding effect of time-varying factors 

such as seasonality (i.e. September, October, November-December, January-February, March-

May, and June-August), recent infections (≤ 30 days), and recent non-HPV vaccinations (≤ 30 

days) was controlled for by stratifying person-time accordingly (Figure 3.2). The exposure risk 

period for the time-varying factors were changed according to the HPV vaccine exposure risk 
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period specified in the analysis, as the HPV vaccine exposure risk period assumes the 

etiologically relevant exposure risk period in which the time-varying factor may be associated 

with the event. On the other hand, confounding by age was adjusted for by first stratifying 

person-time into ‘6’ age groups (i.e., 12, 13, 14, 15, 16, and 17 years of age) and then by 

including unvaccinated cases in the analysis, as the age distribution of these cases contributed 

information on age-specific incidence of SRREs independent of HPV exposure status (36). 
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Figure 3.1 Time periods in the exposure-disease time sequences for (A) incident asthma, (B) 

asthma exacerbation, and (C) anaphylaxis.  
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Figure 3.2 Epidemiologic model of the relationship between use of the qHPV vaccine and 

serious respiratory-related events (SRREs) with possible sources of confounding 

  

OUTCOME 

Serious Respiratory-

Related Events (SRREs) 

 Asthma 

 Asthma 

exacerbations 

 Anaphylaxis 

EXPOSURE 

HPV vaccine 

CONFOUNDERS 

 Time – Independent Factors 

o Genetic factors 

o Underlying health status (i.e. asthma severity) 

o Socio-economic status 

o Personal beliefs and values 

 

 Time – Dependent Factors 

o Age 

o Seasonality 

o Recent infections (i.e. pertussis, influenza, etc.) 

o Recent non-HPV vaccinations (i.e. hepatitis B) 
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3.8.3 Subgroup Analysis 

To identify girls who may be more susceptible to the risk of an SRRE following exposure to the 

HPV vaccine, the primary analysis was repeated and stratified on the basis of important risk 

factors for each study outcome including a history of atopy, history of non-asthma related 

respiratory disorders, and a history of autoimmune disorders.  

3.8.4 Sensitivity Analysis 

The robustness of the results was tested in a series of planned sensitivity analyses. To assess the 

potential for, and magnitude of exposure misclassification, the primary analysis was repeated 

using different exposure risk periods including days 0-7 and 0-14 for asthma and asthma 

exacerbations, and days 0-1 (i.e., 48 hours) and 0-2 (i.e., 72 hours) for anaphylaxis (Appendix F). 

The potential for misclassification of outcomes was assessed using different algorithms for the 

ascertainment of individual outcomes, including some that have been validated and reported to 

have high sensitivity (91.4%, 95% CI 71.4-100.0) and moderate specificity (82.9%, 95% CI 69.0-

90.9) (Appendix I). Furthermore, to test for the presence of healthy vaccinee bias, we created a 

pre-exposure risk period of 14 days to determine whether the risk of the outcomes was lower 

immediately prior to receiving a dose of the HPV vaccine (31;32). 

3.9 Ethics 

Anonymized administrative health databases were the only sources of data that were accessed for 

completion of this thesis and no individuals were contacted. Study results, whether in public 

presentation or written format, were reported in aggregate form to protect against the 

identification of individual cohort members.  

This thesis project was reviewed and approved by the Health Sciences Research Ethics Board at 

Queen’s University. 
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Chapter 4 

The Risk of Serious Respiratory-Related Events Following 

Immunization with the Quadrivalent Human Papillomavirus (qHPV) 

Vaccine: The Ontario Grade 8 HPV Vaccine Cohort Study 

4.1 Preface to the manuscript 

This chapter contains the manuscript of this thesis addressing the safety of the qHPV vaccine 

among Grade 8 girls in Ontario. The focus of this manuscript (section 4.2) is on the potential 

serious respiratory-related adverse effects (i.e. incident asthma, asthma exacerbation, and 

anaphylaxis) associated with the use of the qHPV vaccine. 

As previously discussed in Chapter 2, the reason for the low uptake of the qHPV vaccine in 

Ontario has been partly attributed to parental concerns regarding the safety and long-term effects 

of this vaccine. Published literature has suggested that there may be important differences 

between unvaccinated and vaccinated girls such as socio-demographics, medical and vaccination 

history, and history of health care utilization. If these factors are also determinants of serious 

respiratory-related event, they may represent an important source of confounding bias in 

traditional cohort analysis comparing unvaccinated and vaccinated girls. As such, a case-based, 

self-matched analysis was used to undertake the safety analysis as this approach inherently 

controlled for all time-fixed confounders, including those that are unknown and unmeasured. 

Serious respiratory-related events were selected as the study outcomes given that cases of 

bronchospasm (a feature of asthma, chronic bronchitis, and anaphylaxis) following immunization 

with the HPV vaccine have being previously reported in RCTs, as well as given the clinical 



 

 

 

70 

importance that such events can have on the quality of life of affected individuals and their 

families.  

This study was based on data available for the first four years of Ontario’s qHPV vaccination 

program (2007-11) and relied entirely on data from administrative health and immunization 

databases. 
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4.2 The Risk of Serious Respiratory-Related Events Following Immunization with 

the Quadrivalent Human Papillomavirus (qHPV) Vaccine: The Ontario Grade 8 

HPV Vaccine Cohort Study 

 

Abstract 

Background: The qHPV vaccine has the potential to significantly reduce the burden of HPV-

related diseases, including cervical cancer. However, a recent systematic review of clinical trials 

has suggested that the risk of bronchospasm may be increased by this vaccine, and a large 

observational study has reported an increased risk of anaphylaxis. 

Objectives: To determine whether qHPV vaccination increases the risk of incident asthma, 

asthma exacerbation, and anaphylaxis. 

Methods: A population-based retrospective cohort of grade 8 girls eligible for Ontario’s HPV 

immunization program between 2007 and 2011 was identified using the province’s administrative 

health and immunization databases. Cohort members were followed from September 1st of their 

grade 8 year until their date of death or end of study (March 31st, 2012). The self-controlled case 

series method, a self-matched, case-based analysis was used to assess the effect of qHPV 

vaccination on the risk of SRREs, and rate ratios (RRs) and 95% confidence intervals for each 

outcome was estimated using conditional Poisson regression. 

Results: The cohort consisted of 125,575 girls with a mean age of 13.2 years, 57.7% of whom 

received at least one dose of the qHPV vaccine. During an average of 2.5 years of follow-up, 

1473 cases of incident asthma, 901 of asthma exacerbation and 38 of anaphylaxis were identified. 

HPV vaccination was not associated with an increased risk of incident asthma or asthma 

exacerbation (RRadj 0.76, 95% CI 0.37-1.54 and RRadj 0.74, 95% CI 0.27-2.00, respectively), and 
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these associations were unchanged by the presence of risk factors and time since vaccination. 

There was also no evidence of an increased risk of anaphylaxis following qHPV vaccination as 

demonstrated by an absence of cases of anaphylaxis occurring on the day of vaccination.  

Conclusions: This large, population-based study provides strong evidence that the qHPV vaccine 

does not increase the risk of developing or exacerbating asthma, and additional evidence for the 

lack of an increased risk of anaphylaxis in the younger populations targeted by HPV 

immunization programs. These findings add to the growing body of evidence on the safety of the 

qHPV vaccine. 
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Introduction 

The quadrivalent human papillomavirus (qHPV) vaccine provides protection against HPV types 

6, 11, 16 and 18, of which type 6 and 11 are responsible for 90% of genital warts and types 16 

and 18 are responsible for 70% of cervical cancers (1). In July 2006, Health Canada approved the 

use of Gardasil
®
 in females aged 9 to 26. Despite being available free of charge in Canada, only 

53% of eligible girls in Ontario received at least one dose of the vaccine, and not all of them 

received the recommended three doses (2;3). This low coverage has been attributed, at least in 

part, to parental concerns regarding the safety and long-term effects of the qHPV vaccine, 

particularly in the young age group targeted by provincial immunization programs (2;4-6). 

Although a number of randomized controlled trials (RCTs) have reported that the qHPV vaccine 

is safe for use in females 9-26 years of age, two meta-analyses have suggested that the risk of 

bronchospasm, a manifestation of asthma and anaphylaxis, may be increased following 

administration of this vaccine (7;8). The average age of trial participants was 22.4 years, and less 

than 5% of them were under the age of 16 (9;10). The latter is particularly important as pubescent 

girls targeted by HPV immunization programs may be more likely to experience an exaggerated 

immune response to vaccination than their older counterparts included in clinical trials (11-13). 

A search of the Vaccine Adverse Event Reporting System (VAERS) database, a key component 

of post-licensure vaccine safety surveillance in the United States (US), revealed over two 

thousand reports of serious respiratory-related events (SRREs) following administration of the 

qHPV vaccine, of which 76 (3.8%) were classified as asthma and 99 (4.93%) as anaphylaxis; 

over 50% of these adverse events occurred within 48 hours of vaccination. Despite numerous 

case reports of asthma temporally associated with the use of the qHPV vaccine, and observational 

studies reporting an increased risk of asthma following the administration of other vaccines such 
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as whole-cell pertussis (14) and influenza (15), such an association with the qHPV vaccine has 

not yet been evaluated. Moreover, the only two studies of anaphylaxis and the qHPV vaccine 

published to date have reported conflicting results (16;17). Thus, the evidence about the safety of 

the qHPV vaccine, with regards to SRREs, is currently limited. 

We undertook a population-based, retrospective cohort study to determine whether the use of the 

qHPV vaccine increases the risk of incident asthma, asthma exacerbation, and anaphylaxis among 

adolescent girls targeted by immunization programs. 

Methods 

This study was approved by the Health Sciences Research Ethics Board, Queen’s University. 

Ontario’s Grade 8 HPV Vaccination Program 

In 2007, the federal government allocated $300 million, over three-years, to provinces and 

territories on a per capita basis to support the launch of a national HPV vaccination program (3). 

Ontario’s Ministry of Health and Long-Term Care (MOHLTC) received $117 million to 

implement a free, school-based vaccination program which is offered to all grade 8 girls in the 

province, and is delivered by public health nurses in the province’s 36 health units (1;2). The 

three doses of the qHPV vaccine are generally administered in September/October, 

November/December, and March/April of each school year, corresponding to the recommended 

0, 2, and 6 months dosing interval (2). Eligible girls may also get the qHPV vaccine for free at 

their health unit or through their family physician, though the majority of them receive it at 

school. Prior to September 2012 (i.e., during the study period), eligible girls had until the end of 

August of their Grade 8 year to start the vaccine series and until the end of their Grade 9 year to 

complete it in order to receive the vaccine free of charge.  
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Study Population and Data Sources 

We identified a population-based cohort of all grade 8 girls eligible for Ontario’s qHPV 

vaccination program during the first four years of the program (2007/08 – 2010/11) using 

Ontario’s administrative health and immunization databases. The administrative health databases 

are generated by the province’s universal health care programs. We used the: (1) Registered 

Persons Database (RPDB) to identify the study cohort and obtain socio-demographic information 

for each cohort member, (2) Ontario Health Insurance Plan (OHIP) database for information on 

physician services and procedures, (3) Canadian Institute for Health Information’s (CIHI) 

Discharge Abstract Database (DAD) for information on hospitalizations, (4) National 

Ambulatory Care Reporting System (NACRS) database for emergency department visits, and (5) 

Ontario Asthma (ASTHMA) database to ascertain incident and prevalent cases of physician-

diagnosed asthma in Ontario. These databases, used extensively for health research
 
(18;19), are 

housed at the Institute for Clinical Evaluative Sciences (ICES) and were accessed from the ICES 

satellite unit at Queen’s University. In addition, the Immunization Records Information System 

(IRIS) database was used for information on immunization. The IRIS database, maintained by 

each of Ontario’s 36 health units, was developed in 1993 by the MOHLTC to track and record 

immunizations for all school-aged children attending registered schools and children attending 

licensed daycares (2;20). As a result, this database contains detailed individual-level records on 

all vaccine doses administered through the publicly funded program. Presently, the IRIS 

databases of 32 health units have been transferred to ICES and 21 of these have been record 

linked with the province’s administrative health databases and were available for analysis. A re-

abstraction study of the Kingston, Frontenac, Lennox and Addington Public Health (KFL&A) 

IRIS database demonstrated that this database is both a valid and accurate source of information 
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for capturing individuals’ HPV vaccination status with a sensitivity of 99.8% (95% CI 99.3-99.9) 

and a specificity of 97.7% (95% CI 96.3-98.7), and an accuracy of 98.6% for vaccination dates 

(21). 

A unique encrypted identifier present in each database permitted complete record linkage, at the 

level of the individual, across databases and across time. 

Study Design 

We conducted a retrospective, population-based, cohort study that was analyzed using a self-

matched, case-based method, known as the self-controlled case series (SCCS) (22), to control for 

unknown and unmeasured sources of confounding. Eligible girls were identified using their birth 

year (i.e., 1994 to 1997) as school grade is not captured in any of the available databases and girls 

typically turn 13 by December 31
st
 of their grade 8 year. These girls were followed from 

September 1
st
 of their grade 8 year (cohort entry) until their date of death, date the IRIS database 

was transferred to ICES, or March 31
st
, 2012 (end of study), whichever came first. Girls whose 

immunization records were either not available or inactive at the time of the analysis were 

excluded from the cohort. An immunization record was considered inactive if it had not been 

accessed (i.e., modified) in the month preceding cohort entry when school board lists are 

downloaded to IRIS, as this indicated that the girl had moved either to a health unit whose IRIS 

records were not available or out of the province. In addition, girls who received the HPV vaccine 

or died before their program eligibility (i.e., cohort entry) were excluded from the cohort. 

HPV Vaccine Exposure 

The IRIS database was used to identify all doses of the qHPV vaccine administered during the 

study period. For the SCCS analysis, a girl’s follow up was classified as ‘exposed’ for a 

predetermined time period following each dose during which the outcome of interest was 
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considered attributable to the effects of the vaccine, that is, the exposure risk period. As such, the 

dates of HPV vaccination were used to identify the start of the exposure risk period following 

each dose; all other follow-up time was classified as ‘unexposed’. The duration of the 

etiologically relevant exposure risk period was based on: (i) the underlying biological 

mechanism(s) through which the vaccine-induced outcome of interest was thought to occur, (ii) 

the duration used in other vaccine-SRRE studies, and (iii) the ‘time-to-adverse event’ reported in 

the VAERS database for relevant case reports. 

Study Outcomes 

The outcomes of interest were a diagnosis of incident asthma, asthma exacerbation, and 

anaphylaxis occurring any time during follow-up, and each outcome was analyzed separately. 

For incident asthma, the case-defining event was the first diagnosis of asthma occurring during 

study follow-up among girls with no prior history of this disease. As such, girls with a diagnosis 

of asthma any time prior to cohort entry were excluded from the analysis. Cases of incident 

asthma were identified using a validated case definition which has been reported to have a high 

sensitivity (89.0%) and a moderate specificity (72.0%), to which we added diagnoses from 

emergency department visits to improve the positive predictive value (23;24). A girl was 

considered to have incident asthma if she had ≥2 physician visits within two consecutive years 

coded as asthma (OHIP fee-for-service medical claims code 493), or ≥1 hospitalization or 

emergency department visit with a diagnosis of asthma (International Classification of Diseases, 

tenth revision [ICD-10], code J45 or J46). The first diagnostic code was taken as the date of 

diagnosis. 
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The case-defining event for asthma exacerbation was similar to that used for incident asthma 

occurring among the sub-cohort of girls with a history of asthma.  As such, the analysis was 

restricted to girls with a diagnosis of asthma prior to cohort entry.  

For anaphylaxis, the case-defining event was a hospitalization or emergency department visit 

with a diagnosis of anaphylaxis (International Classification of Diseases, tenth revision [ICD-10], 

code T78.2 or T88.6) occurring during study follow-up. The admission date was taken as the date 

of diagnosis. 

Statistical Analysis 

Traditionally, cohort data is analyzed using time-to-event Cox Proportional Hazards regression. 

However, as little is known about the determinants of HPV vaccine uptake, the results of a 

traditional cohort analysis comparing outcome rates for vaccinated and unvaccinated girls could 

be biased due to unknown and unmeasured confounders (25). Consequently, we used the SCCS 

method to assess the risk of SRREs following immunization with the qHPV vaccine. This 

analytical strategy, developed specifically for the study of post-licensure vaccine safety, has the 

advantage of inherently controlling for all time-fixed confounders, including those that are 

unknown and unmeasured (e.g., genetic susceptibility, health beliefs, values, and attitudes) as 

cases are compared to themselves over time (22). In addition, this method is also able to control 

for the potentially confounding effects of age and other time-dependent factors including 

seasonality, the receipt of other vaccines, and the presence of infections suspected to increase the 

risk of asthma (i.e., influenza, respiratory syncytial virus, human rhinovirus, and aspergillosis).  

For the SCCS analysis, each case’s follow-up time was divided into ‘exposed’ and ‘unexposed’ 

periods using the pre-specified, outcome-specific exposure risk periods previously described. The 

duration of the exposure risk period was 0-2 days following each dose of the qHPV vaccine for 



 

 

 

79 

incident asthma and asthma exacerbation, and same day (0 days) for anaphylaxis. As such, a case 

was considered ‘exposed’ if it occurred during the exposure risk period, otherwise it was 

classified as ‘unexposed.’ The incidence rate for ‘exposed’ follow up time was compared to that 

for ‘unexposed’ follow up time, and the incidence rate ratios (RRs) and 95% CI for each outcome 

was estimated using conditional Poisson regression to account for the self-matched nature of the 

data. The potentially confounding effects of age (by year), seasonality (i.e., September, October, 

November-December, January-February, March-May, and June-August), infections and receipt of 

non-HPV vaccinations were controlled for by stratifying follow-up time accordingly.  

To assess the potential time-varying nature of the risk, we divided the exposure risk periods for 

incident asthma and asthma exacerbation into: (i) day 0 (i.e., same day), (ii) days 1-2, (iii) days 3-

7, (iv) days 8-14, and (v) days 15-30. Finally, to identify girls who may be more susceptible to the 

risk of an SRRE following exposure to the HPV vaccine, we repeated the primary analysis 

stratified on the basis of important risk factors for study outcomes including a history of atopy, 

non-asthma related respiratory disorders, and autoimmune disorders. 

The robustness of our findings under the assumptions made was tested in planned sensitivity 

analyses. First, to test for the possibility of exposure misclassification, we repeated the primary 

analysis extending the exposure risk period to days 0-7 and 0-14 for asthma and asthma 

exacerbations, and days 0-1 (i.e., 48 hours) and 0-2 (i.e., 72 hours) for anaphylaxis. Second, the 

potential for outcome misclassification was assessed by changing the algorithm for outcome 

ascertainment including, using ≥2 physician visits within one year (instead of two years) or not 

using emergency department visits to identify incident asthma; using ≥1 physician visit in over 

one year for asthma exacerbation; and using ≥1 OHIP codes to identify cases of anaphylaxis 

occurring after 2011. Finally, to test for the presence of healthy vaccinee bias, we created a pre-
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vaccination exposure risk period of 14 days to assess outcome rates prior to qHPV vaccination 

(22;26). 

All statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc., USA) and 

STATA version 12 (Statacorp, USA). 

Role of the Funding Source 

The Canadian Institute for Health Research (CIHR) and the Ontario Ministry of Health and Long 

Term Care’s Drug Innovation Fund (MOHLTC-DIF) funded this study and had no role in its 

design, conduct, or reporting. 

Results 

The cohort consisted of 125,575 girls eligible for Ontario’s Grade 8 HPV vaccination program 

between 2007-8 and 2010-11 (Figure 4.1). During the study period, 57.7% (n = 72,397) received 

at least one dose of the vaccine and were classified as vaccinated, 86.1% (n = 62,336) of whom 

received at least three doses of the vaccine, while 42.3% (n = 53,178) did not receive any doses of 

the qHPV vaccine and were classified as unvaccinated. Eligible girls were a mean of 13.2 years 

of age (range 12.7-13.7) at cohort entry and were followed for an average of 2.5 years (standard 

deviation 1.1 years).  

During study follow-up, we identified 1,473 cases of incident asthma, 864 (58.7%) of which 

occurred in girls who had been vaccinated and 609 (41.3%) in unvaccinated girls; 901 cases of 

asthma exacerbation (489 [54.3%] vaccinated and 412 [45.7%] unvaccinated); and 38 cases of 

anaphylaxis (18 [47.4%] vaccinated and 20 (52.6%) unvaccinated) (Figure 4.2). Among 

vaccinated cases, eight (0.9%) and ≤5 (< 1.0%) developed asthma and asthma exacerbation, 

respectively, within two days of receiving a dose of the qHPV vaccine (i.e., exposed cases), 
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whereas none of the vaccinated cases of anaphylaxis occurred within the pre-specified exposure 

risk period of 24 hours (i.e., same day). 

(I) Incident Asthma 

Receipt of the qHPV vaccine was not associated with an increased risk of incident asthma 

(adjusted rate ratio [RRadj] 0.76, 95% CI 0.37-1.54) (Table 4.1). However, age, season, receipt of 

non-HPV vaccines and recent infections were significantly associated with asthma risk. The 

association between the qHPV vaccine and the risk of incident asthma was unchanged by the time 

since vaccination (Table 4.2). Moreover, subgroup analyses indicated that girls with a history of 

atopy (P = 0.70) and/or of non-asthma related respiratory disorders (P = 0.78) were not at 

increased risk of developing asthma following qHPV vaccination compared with girls without 

these predisposing risk factors (Figure 4.3). However, girls with a history of autoimmune 

disorders appeared to be at higher risk of asthma than girls with no such history (P=0.03), 

although the association for the former was based on a small number of “exposed” cases (i.e., 

occurring within 2 days of vaccination) and failed to reach statistical significance (≤5 exposed 

cases; RRadj 6.88, 95% CI 0.87-54.47).  

(II) Asthma Exacerbation 

Receipt of the qHPV vaccine was not associated with an increased risk of asthma exacerbation 

(RRadj 0.74, 95% CI 0.27-2.00), although age, season and recent infections were (Table 4.3). The 

qHPV vaccine-asthma exacerbation association was unaffected by the time since vaccination 

(Table 4.4). Similar to that observed for incident asthma, the risk of asthma exacerbation was 

independent of a history of atopy (P=0.48), and of non-asthma related respiratory diagnoses 

(P=0.43), but not of a history of autoimmune disorders (P=0.04) (Figure 4.4). However, the 

association for girls with a history of autoimmune disorders was based on a small number of 
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“exposed” cases and was not statistically significant (≤5 exposed cases; RRadj 7.16, 95% CI 0.84-

60.79).  

(III) Anaphylaxis 

As previously mentioned, none of the girls who were vaccinated had an anaphylactic reaction 

documented as occurring on the day of a dose of the qHPV vaccine (i.e., “exposed” cases) 

(Figure 4.2c). The same pattern was observed when the exposure risk period was extended to 2 

days post-vaccination. As there were no exposed cases of anaphylaxis, the regression analysis 

could not be undertaken. 

(IV) Sensitivity Analyses 

The results of the primary analyses were essentially unaffected by the various sensitivity 

analyses. For incident asthma, extending the exposure risk period to “within 7 days” or “within 

14 days” of vaccination yielded adjusted rate ratios of 0.98 (95% CI 0.66-1.46) and 1.01 (95% CI 

0.75-1.36), respectively. Similarly, the results were unchanged by alternative case definitions. 

Using the validated case definition for physician-diagnosed asthma that did not include 

emergency department visits yielded an adjusted rate ratio of 0.83 (95% CI 0.41-1.69). Using a 

more stringent case definition of at least 2 asthma physician visits within a year, compared to at 

least 2 asthma physician visits within two years in the validated case definition for physician-

diagnosed asthma, yielded an adjusted rate ratio of 0.76 (95% CI 0.35-1.61). Furthermore, there 

was no evidence that the results were confounded by the healthy vaccinee bias as the outcome 

rates were the same in the 14-days pre- and post-vaccination (RRadj 0.98, 95% CI 0.71-1.36). 

For asthma exacerbation, extending the exposure risk period to “within 7 days” or “within 14 

days” of vaccination yielded an adjusted rate ratio of 1.13 (95% CI 0.68-1.88) and 0.90 (95% CI 

0.60-1.35), respectively. Similarly, the results were unaffected by using an alternative case 
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definition that included at least 1 asthma physician visit conditional on the fact that the girl did 

not have a physician visit within the last year to ensure that the case was not a routine visit (RRadj 

0.71, 95% CI 0.50-1.01). Furthermore, there was no evidence that the results were confounded by 

the healthy vaccinee bias as the outcome rates were the same in the 14-days pre- and post-

vaccination (RRadj 0.67, 95% CI 0.41-1.10). 

For anaphylaxis, extending the exposure risk period to “0 to 1 day” and “0 to 2 days” of 

vaccination yielded an inestimable risk as no cases of anaphylaxis were identified. Similarly, the 

results were unaffected by using an alternative case definition that included at least 1 anaphylaxis 

physician visit as this code available in the OHIP database was implemented after 2011 

(inestimable RR). 
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Discussion 

This is the first study to assess the risk of asthma following HPV vaccination. This study provides 

population-based evidence that the qHPV vaccine is not associated with an increased risk of 

incident asthma and asthma exacerbation in girls between the ages of 12 and 17; the population 

most commonly targeted by HPV immunization programs. This study also provides additional 

evidence for the lack of an increased risk of anaphylaxis. 

While this is the first study of the asthma-HPV vaccine association, the validity of our findings is 

strengthened by the use of a self-matched analysis that inherently controls for unmeasured and 

unknown time-fixed confounders, the large number of cases identified, the strong associations 

observed between well-established risk factors for asthma and asthma exacerbation (i.e., age, 

seasonality, and recent infections) and the risk of these two outcomes, and the observation that 

only 10% of cases occurred within 30 days of qHPV vaccination for both asthma outcomes.  

The lack of an association between qHPV vaccination and asthma persisted even in girls at higher 

risk of asthma due to a history of atopy and a history of non-asthma related respiratory diseases. 

However, girls with a history of autoimmune disorders were found to be at a significantly higher 

risk of asthma than girls with no autoimmune diseases. Recent evidence suggests that asthma and 

autoimmunity may share a common pathogenic mechanism as both disorders are the result of a 

dysregulation of the immune system (27;28). In addition, a retrospective cohort study of 60,254 

children reported that the cumulative incidence of asthma in the first 7 years of life was 

significantly higher in children with coeliac disease, rheumatoid arthritis and type 1 diabetes than 

in children without these autoimmune disorders (29). On the other hand, it is possible that the 

subgroup effect observed in our study is due to a type I error given the small number of cases 
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involved, the number of analyses undertaken, and the lack of an association for the primary 

endpoints (30;31). As such, these results require confirmation.  

We did not observe any cases of anaphylaxis occurring within 24 hours of qHPV vaccination 

which suggests that this vaccine is not associated with an increased risk of anaphylaxis. 

Moreover, the cases observed were nearly equally distributed between vaccinated and 

unvaccinated girls. These results are consistent with a study of 35 Australian schoolgirls aged 12 

to 18.9 years who were referred to paediatric allergy centres after experiencing a hypersensitivity 

reaction following qHPV vaccination (17). Anaphylaxis was confirmed in only two of the 25 girls 

who agreed to undergo further testing for an estimated incidence rate of anaphylaxis of 0.53 per 

100,000 doses administered, similar to that reported with other vaccines (32). In contrast, 

Brotherton et al., reported an incident rate of 2.6 per 100,000 doses (95% CI 1.0-5.3 per 100,000) 

in a cohort of 114,000 Australian females between the ages of 12-26, and concluded that the 

qHPV was associated with a significantly higher risk of anaphylaxis than that of other vaccines 

offered to this population (16;32). It has been suggested that the high rate of anaphylaxis 

observed in this study may be specific to the population studied and, therefore, needs to be 

assessed in other populations before any conclusions could be drawn about the risk of 

anaphylaxis following qHPV vaccination (33). Our analysis was based on more than twice the 

number of cases as identified by Brotherton and did not find any evidence of an increased risk of 

anaphylaxis following qHPV vaccination. 

Our study has a number of limitations that need to be considered. First, the possibility of 

misclassification of exposure needs to be considered in this study. Although the immunization 

database used in our study has been shown to have very high sensitivity and specificity, it is 

important to consider the potential for misclassification of exposure arising from our choice of 
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exposure risk periods. Although the choice of 0-2 days as our primary risk period was evidence-

based, there is still some uncertainty about the correct time period following vaccination during 

which an event is biologically attributable to the vaccine. In our study, this misclassification is 

expected to be non-differential and bias the results towards the null as it was independent of a 

diagnosis of SRRE. However, the planned sensitivity analyses using alternate exposure risk 

periods produced similar results, thereby confirming that misclassification bias did not materially 

affect our results.  

The possibility of misclassification of outcomes also needs to be considered. Although the case 

definition used for asthma had good sensitivity and specificity, it nevertheless could have resulted 

in some misclassification. The algorithm used to identify anaphylaxis has not been validated, 

which is why we restricted the case definition to those discharged from an emergency department 

or hospital. Yet, we identified twice as many cases of anaphylaxis following qHPV vaccination as 

Brotherton et al., despite having only 10% more girls in our study. However, such errors would 

occur equally between exposed and unexposed follow-up as the analyses were self-matched (i.e., 

same case for both exposure ‘groups’) and bias the results towards the null. However, these 

sources of bias were investigated in planned sensitivity analyses using alternative case definitions 

which yielded similar results. As such, outcome misclassification is unlikely to explain our 

results. 

It is also necessary to consider the possibility of residual confounding. Although our self-matched 

analysis inherently controlled for confounding by all time-independent factors, including those 

that are unknown and unmeasured, there may still be residual confounding from time-dependent 

factors (34). Our study controlled for the potentially confounding effects of age, seasonality, other 

vaccinations and infections, and found that only age was a confounder. However, we cannot rule 
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out the possibility of residual confounding from unknown or unmeasured time-dependent factors 

such as environmental triggers for asthma. To confound the observed associations, such factors 

would also need to be associated with exposure. In the context of a self-matched analysis, this 

means that such factors would have to be present during either exposed or unexposed follow-up 

time, but not both. We believe that this is unlikely to have occurred given our narrow exposure 

risk periods (i.e., 0 to 2 days for asthma and same day for anaphylaxis).  

Some of our analyses were underpowered. For example, the lack of anaphylaxis cases occurring 

within a biologically plausible time period following qHPV vaccination prevented us from 

undertaking the SCCS analysis. The time-stratified analysis for incident asthma suggests the 

possibility of an increased risk on the day of vaccination (RRadj 1.81, 95% CI 0.08-4.06), but the 

small number of cases resulted in considerable uncertainty about the true nature of this 

association. In addition, we could not rule out the possibility of a clinically important risk 

increase for incident asthma and asthma exacerbation in the small subset of girls with a history of 

autoimmune diseases. These analyses will need to be repeated in a larger cohort. 

Finally, our results may not be generalizable to older adolescents and adults.  

It is important to consider our results in the context of the benefits of HPV vaccination. The 

results of RCTs of the qHPV vaccine have demonstrated that it is highly efficacious in preventing 

anogenital warts and precancerous cervical lesions associated with oncogenic HPV type 16 and 

18, and that this protection lasts at least five years post-vaccination (8). However, it will be years 

before research can be conducted to assess the impact of the qHPV vaccine on the burden of 

cervical cancer. In the meantime, population-based studies such as ours are needed to provide 

real-world evidence about the safety of the qHPV vaccine and enable parents to make informed 

decisions about the risks and benefits of HPV vaccination. 
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In conclusion, this large, population-based study of over 125,000 girls between the ages of 12 and 

17 years eligible for a publicly-funded, school-based, HPV vaccination program found that the 

qHPV vaccine was not associated with an increased risk of serious respiratory-related events 

including incident asthma, asthma exacerbation and anaphylaxis. These findings add to the 

growing body of evidence about the safety of this vaccine in the age group most commonly 

targeted by HPV vaccination programs.  
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Figure 4.1 Flow diagram of study population 

  

1994-1997 Birth Cohorts 

N = 757,919 

Birth cohorts of eligible girls 

N = 368,430 

 Males 

N = 389,489 (51.4%) 

Cohort eligible for analyses 

N = 145,249 

 Immunization records not 

available at time of analysis 

N = 223,181 (60.6%) 

HPV Vaccine Study Cohort 

N = 125,575 

 Death before t0 

N = 75 (0.05%) 

 Girls who received the 

qHPV vaccine before t0 

N = 1,080 (0.7%) 

 Girls whose immunization 

records were inactive at 

time of analysis 

N = 18,601 (12.8%) 

 Data error 

N = 1 (0.0%) 

Vaccinated  N = 72,397 (57.7%) 

Unvaccinated  N = 53,178 (42.3%) 
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109 ≤5 128 ≤5 164 ≤5 455 
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76 ≤5 61 ≤5 82 ≤5 266 

412 

   

 

C  
 

 

≤5 0 ≤5 0 ≤5 0 11 

20 

            

            

        

qHPV vaccine dose        

 Exposed person-time            

 Unexposed person-time 

 

Figure 4.2  Schematic of the frequency and timing of events relative to study follow-up for 

(A) incident asthma, (B) asthma exacerbation, and (C) anaphylaxis. 

An event is considered ‘exposed’ if it occurs during the exposure risk period following each dose, 

otherwise it is considered ‘unexposed’.  

Cohort 
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Cohort 
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Unvaccinated (N=609) 
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Unvaccinated (N=412) 
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Vaccinated (N=18) 
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Table 4.1 Adjusted Rate Ratios for Incident Asthma following quadrivalent HPV 

Vaccination 

Characteristic 
Adjusted* RR

  

(95% CI)  

qHPV vaccination (0 to 2 days) 0.76 (0.37, 1.54) 

  

Age at event  

 12 years (reference) 1.00 

 13 years  0.53 (0.39, 0.71) 

 14 years  0.46 (0.34, 0.62) 

 15 years  0.34 (0.25, 0.47) 

 16 years  0.25 (0.18, 0.36) 

 17 years 0.16 (0.08, 0.31) 

Season  

 June – August (reference) 1.00 

 September 1.50 (1.23, 1.84) 

 October 1.27 (1.04, 1.55) 

 November - December 1.06 (0.88, 1.29) 

 January – February 1.08 (0.89, 1.30) 

 March – May 1.00 (0.83, 1.20) 

Non-HPV vaccinations
†
 4.29 (2.47, 7.47) 

Recent infections
‡
 67.04 (47.15, 95.32) 

RR = Rate Ratio; CI = Confidence Interval 

*
 Adjusted for age (by year), season (as depicted in table), Non-HPV vaccinations, and recent infections. 

†
 All non-HPV vaccinations (within ≤ 30 days) of receipt of HPV vaccine 

‡
 Recent respiratory-related infections including influenza virus, respiratory syncytial virus, human 

rhinovirus, aspergillosis, acute bronchitis, acute bronchiolitis, pneumonia, influenza virus causing disease, 

and bacterial, viral and other infectious agents (within ≤ 30 days) of receipt of HPV vaccine 
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Table 4.2 Unadjusted and Adjusted Rate Ratios for Incident Asthma following HPV Vaccination according to time since vaccination 

Exposure Risk 

Period 

Vaccinated 

cases 

Exposed 

cases 

Unadjusted 

RR
*
 

(95% CI) 

Adjusted 

RR
†
 

(95% CI) 

Adjusted 

RR
‡  

(95% CI) 

Adjusted 

RR
§
 
 

(95% CI)
 

Adjusted 

RR
ǁ
 

(95% CI) 

Primary analysis 

Day 0 to 2 864 8 
1.05  

(0.52, 2.12) 

0.83  

(0.41, 1.68) 

0.80  

(0.40, 1.62) 

0.73  

(0.36, 1.49) 

0.76  

(0.37, 1.54) 

        

Time-stratified analysis 

Day 0  864 ≤ 5 
2.45  

(1.09, 5.48) 

1.88  

(0.84, 4.22) 

1.81  

(0.80, 4.05) 

1.80  

(0.80, 4.05) 

1.81  

(0.80, 4.06) 

Day 1 to 2 864 ≤ 5 
0.40  

(0.10, 1.63) 

0.31  

(0.07, 1.26) 

0.30  

(0.07, 1.20) 

0.30  

(0.07, 1.20) 

0.30  

(0.07, 1.20) 

Day 3 to 7 864 18 
1.47  

(0.92, 2.35) 

1.14  

(0.71, 1.82) 

1.08  

(0.67, 1.73) 

1.08  

(0.67, 1.73) 

1.08  

(0.67, 1.73) 

Day 8 to 14 864 24 
1.40  

(0.93, 2.11) 

1.09  

(0.72, 1.65) 

1.03  

(0.68, 1.56) 

1.03  

(0.68, 1.56) 

1.03  

(0.68, 1.57) 

Day 15 to 30 864 47 
1.20  

(0.89, 1.62) 

0.95  

(0.70, 1.29) 

0.91  

(0.67, 1.23) 

0.90  

(0.67, 1.23) 

0.90  

(0.67, 1.22) 
RR = Rate Ratio; CI = Confidence Interval 

N = 1,473 (Vaccinated cases = 864 and Unvaccinated cases = 609) 

 
*
 Self-matched (i.e., adjusted for all time-independent confounders) 

†
 Adjusted for age (by year) in addition to self-matching 

‡ 
Adjusted for age (by year) and season in addition to self-matching 

§ 
Adjusted for age (by year), season, and non-HPV vaccinations in addition to self-matching 

ǁ
 Adjusted for age (by year), season, non-HPV vaccinations, and recent infections in addition to self-matching 
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Figure 4.3 Adjusted Rate Ratios for Incident Asthma following qHPV Vaccination according to the presence of predisposing risk factors 

RR = Rate Ratio; CI = Confidence Interval 
*
 Adjusted for age (in years), season, non-HPV vaccinations, and recent infections in addition to self-matching on all time-independent confounders 

†
 P-value for two-sided test of interaction comparing those without and with the risk factor at a significant level of α = 0.05  

Subgroup 

Vaccinated 

Cases 

(N = 864) 

Adjusted RR 
*
 

(95% CI)
 
 

P-value 
†
 Incidence Rate Ratio (RR) 

History of Atopy    

 

 No 504 0.67 (0.25, 1.80) 
0.70 

 Yes 360 0.88 (0.32, 2.40) 

     

History of Non-Asthma Related 

Respiratory Diagnoses 
   

 No 293 0.87 (0.27, 2.76) 
0.78 

 Yes 571 0.71 (0.29, 1.72) 

     

History of Autoimmune Disorders    

 No 843 0.67 (0.32, 1.43) 
0.03 

 Yes 21 6.88 (0.87, 54.47) 

  

 

 

 

 

   

Favors Protection Favors Harm 



 

 

 

97 

Table 4.3 Adjusted Rate Ratios for Asthma Exacerbation following quadrivalent HPV 

Vaccination 

Characteristic 
Adjusted* RR

  

(95% CI) 

HPV vaccination (0 to 2 days) 0.74 (0.27, 2.00) 

  

Age at event  

 12 years (reference) 1.00 

 13 years  0.67 (0.46, 0.98) 

 14 years  0.51 (0.35, 0.76) 

 15 years  0.47 (0.31, 0.70) 

 16 years  0.53 (0.34, 0.81) 

 17 years 0.34 (0.16, 0.76) 

Seasons  

 June – August (reference) 1.00 

 September 1.16 (0.90, 1.50) 

 October 1.12 (0.88, 1.42) 

 November - December 0.74 (0.58, 0.95) 

 January – February 0.75 (0.59, 0.95) 

 March – May 0.75 (0.60, 0.94) 

Non-HPV vaccinations
†
 1.88 (0.60, 5.91) 

Recent infections
‡
 134.11 (101.35, 177.46) 

RR = Rate Ratio; CI = Confidence Interval 

*
 Adjusted for age (by year), season (as depicted in table), Non-HPV vaccinations, and recent infections. 

†
 All non-HPV vaccinations (within ≤ 30 days) of receipt of HPV vaccine 

‡
 Recent respiratory-related infections including influenza virus, respiratory syncytial virus, human 

rhinovirus, aspergillosis, acute bronchitis, acute bronchiolitis, pneumonia, influzena virus causing disease, 

and bacterial, viral and other infectious agents (within ≤ 30 days) of receipt of HPV vaccine 
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Table 4.4 Unadjusted and Adjusted Rate Ratios for Asthma Exacerbation following HPV Vaccination according to time since vaccination 

Exposure Risk 

Window 

Vaccinated 

cases 

Exposed 

cases 

Unadjusted 

RR
*
 

(95% CI) 

Adjusted 

RR
†
 

(95% CI) 

Adjusted 

RR
‡  

(95% CI) 

Adjusted 

RR
§
 
 

(95% CI)
 

Adjusted 

RR
ǁ
 

(95% CI) 

Primary Analysis 

Day 0 to 2  489 ≤ 5 
0.85  

(0.31, 2.28) 

0.72  

(0.27, 1.94) 

0.69  

(0.25, 1.87) 

0.67  

(0.25, 1.82) 

0.74  

(0.27, 2.00) 

        

Secondary Analysis (time-stratifying) 

Day 0 489 0 -- 
¶
 -- 

¶
 -- 

¶
 -- 

¶
 -- 

¶
 

Day 1 to 2 489 ≤ 5 
1.29  

(0.48, 3.46) 

1.07  

(0.39, 2.87) 

1.02  

(0.38, 2.74) 

1.02  

(0.37, 2.74) 

1.04  

(0.38, 2.81) 

Day 3 to 7 489 12 
1.55  

(0.87, 2.76) 

1.29  

(0.72, 2.31) 

1.22  

(0.68, 2.18) 

1.22  

(0.68, 2.18) 

1.25  

(0.69, 2.23) 

Day 8 to 14 489 10 
0.92  

(0.49, 1.73) 

0.77  

(0.41, 1.46) 

0.73  

(0.38, 1.38) 

0.73  

(0.38, 1.37) 

0.73  

(0.38, 1.38) 

Day 15 to 30 489 25 
1.01  

(0.67, 1.52) 

0.86  

(0.57, 1.30) 

0.83  

(0.54, 1.25) 

0.82  

(0.54, 1.25) 

0.82  

(0.54, 1.24) 
RR = Rate Ratio; CI = Confidence Interval 

N = 901 (Vaccinated cases = 489 and Unvaccinated cases = 412) 

 
*
 Self-matched (i.e., adjusted for all time-independent confounders) 

†
 Adjusted for age (by year) in addition to self-matching 

‡ 
Adjusted for age (by year) and season in addition to self-matching 

§ 
Adjusted for age (by year), season, and non-HPV vaccinations in addition to self-matching 

ǁ
 Adjusted for age (by year), season, non-HPV vaccinations, and recent infections in addition to self-matching 

¶
 RR inestimable because no cases were observed during study period 
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Figure 4.4 Adjusted Rate Ratios for Asthma Exacerbation following qHPV Vaccination according to the presence of predisposing risk 

factors 

RR = Rate Ratio; CI = Confidence Interval 
*
 Adjusted for age (in years), season, non-HPV vaccinations, and recent infections in addition to self-matching on all time-independent confounders 

†
 P-value for two-sided test of interaction comparing those without and with the risk factor at a significant level of α = 0.05 

Subgroup 

Vaccinated 

Cases 

(N = 489) 

Adjusted RR 
*
 

(95% CI)
 
 

P-value 
†
 Incidence Rate Ratio (RR) 

History of Atopy    

 

 No 212 0.43 (0.06, 3.12) 
0.48 

 Yes 277 0.98 (0.31, 3.10) 

     

History of Non-Asthma Related 

Respiratory Diagnoses 
   

 No 62 1.59 (0.21, 11.72) 
0.43 

 Yes 427 0.63 (0.20, 1.98) 

     

History of Autoimmune Disorders    

 No 476 0.58 (0.18, 1.82) 
0.04 

 Yes 13 7.16 (0.84, 60.79) 

  

 

 

 

   

Favors Protection Favors Harm 
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4.4 Additional Analyses and Results 

4.4.1 Additional Analyses 

Additional analyses were conducted to compare the baseline characteristics of unvaccinated and 

vaccinated Grade 8 girls in Ontario. The province’s health databases were used to determine 

baseline socio-demographic characteristics, pattern of health care utilization, vaccination history, 

and medical history. Differences in these baseline characteristics between unvaccinated and 

vaccinated girls could lead to biased results in traditional cohort analysis. As such, identifying 

important differences will indicate a need for conducting specialized statistical approaches to 

control for these differences as well as other potential confounders.  

4.4.2 Results 

Unvaccinated and vaccinated girls were similar with respect to socio-demographic characteristics, 

history of health care utilization, and medical history (Table 4.5). Conversely, there appears to be 

a difference in vaccination history between the two groups, where 76.36% of vaccinated girls 

received both the Meningococcal C and Hepatitis B optional vaccines in the past compared to 

53.55% of unvaccinated girls. In addition, 75.71% of vaccinated girls previously received all four 

vaccines (i.e. MMR, DPT, Meningococcal C, and Hepatitis B vaccine) compared to 52.99% of 

unvaccinated girls. Thus, this suggests vaccination history may be a determinant associated with 

uptake of the qHPV vaccine. 
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Table 4.5 Baseline characteristics of girls unvaccinated and vaccinated with the 

quadrivalent HPV vaccine 

Baseline Characteristics 
*
 

Unvaccinated 

(N = 53,178) 

N (%) 

Vaccinated 

(N = 72,397) 

N (%) 

Socio-Demographics   

 Age at Cohort entry (years) 
†
, mean  ± SD 13.16 ± 0.28 13.17 ± 0.28 

 Duration of follow-up (years), mean  ± SD 2.57 ± 1.10 2.41 ± 1.09 

 Deaths during follow-up 19 (0.04) 19 (0.03) 

    

 Place of residence   

  Urban 44,453 (83.59) 61,447 (84.88) 

  Rural 8,329 (15.66) 10,907 (15.07) 

     

 Neighbourhood income quintile   

  1
st
 (lowest) 8,066 (15.17) 10,219 (14.12) 

  2
nd

 9,315 (17.52) 13,429 (18.55) 

  3
rd

 11,221 (21.10) 16,432 (22.70) 

  4
th
 12,241 (23.02) 16,687 (23.05) 

  5
th
 (highest) 11,736 (22.07) 15,404 (21.28) 

     

Health Care Utilization 
‡
   

 Frequency of hospitalizations 
§║

   

  0 52,558 (98.83) 71,686 (99.02) 

  1 496 (0.93) 628 (0.87) 

  ≥ 2 124 (0.23) 83 (0.11) 

     

 Length of stay (days) 
§║

   

  1 – 2 201 (0.38) 289 (0.40) 

  3 74 (0.14) 135 (0.19) 

  4 – 7 160 (0.30) 152 (0.21) 

  ≥ 8 185 (0.35) 135 (0.19) 

     

 Frequency of emergency department visits 
║
 

  

  0 43,419 (81.65) 58,680 (81.05) 

  1 6,971 (13.11) 9,854 (13.61) 

  2 – 11 2,770 (5.21) 3,860 (5.33) 

  ≥ 12 18 (0.03) ≤ 5 

     

 Frequency of outpatient physician visits 
║
   

  0 – 2 34,011 (63.96) 44,666 (61.70) 
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  3 – 5 11,933 (22.44) 17,524 (24.21) 

  6 – 11 5,899 (11.09) 8,437 (11.65) 

  ≥ 12 1,335 (2.51) 1,770 (2.44) 

     

 Type of outpatient physician speciality   

  Family / General / Pediatrician 
¶
 33,594 (63.17) 49,422 (68.27) 

  Other speciality 4,581 (8.61) 6,167 (8.52) 

     

Vaccination History   

 Acceptance of Mandatory Vaccinations   

  Measles, Mumps, and Rubella (MMR) 51,585 (97.00) 71,779 (99.15) 

  Diphtheria, Pertussis, and Tetanus 

(DPT) 

51,643 (97.11) 71,748 (99.10) 

  Both 51,355 (96.57) 71,505 (98.77) 

     

 Acceptance of Optional Vaccinations   

  Meningococcal C  30,522 (57.40) 57,883 (79.95) 

  Hepatitis B 37,287 (70.12) 64,133 (88.59) 

  Both 28,475 (53.55) 55,283 (76.36) 

     

 Acceptance of all four vaccines 28,178 (52.99) 54,815 (75.71) 

 Refusal of all four vaccines 1,052 (1.98) 127 (0.18) 

     

Medical History   

 Asthma 
°
 11,662 (21.93) 16,614 (22.95) 

 Anaphylaxis 
¥
 30 (0.06) 41 (0.06) 

     

 Other atopy ** 17,663 (33.21) 24,932 (34.44) 

  Allergic urticaria and hives ** 2,298 (4.32) 3,121 (4.31) 

  Angioneurotic oedema ** 37 (0.07) 41 (0.06) 

  Eczema, dermatitis, and rash ** 13,724 (25.81) 19,319 (26.68) 

  Allergic rhinitis and hay fever ** 4,704 (8.85) 6,936 (9.58) 

     

 Non-asthma related respiratory diagnoses **   32,355 (60.84) 45,069 (62.25) 

  Acute bronchitis 
¥
 30,196 (56.78) 42,342 (58.49) 

  Acute bronchiolitis 
¥
 1,445 (2.72) 1,920 (2.65) 

  Chronic bronchitis ** 228 (0.43) 229 (0.32) 

  Bronchitis unspecified ** 444 (0.83) 597 (0.82) 

  Pneumonia ** 6,108 (11.49) 8,145 (11.25) 

  Emphysema ** 19 (0.04) 29 (0.04) 

  Bronchiectasis **  66 (0.12) 64 (0.09) 

  Cystic Fibrosis ** 452 (0.85) 546 (0.75) 

  Other diseases of the respiratory 1,725 (3.24) 2,284 (3.15) 
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system 
¥
 

     

 Any autoimmune 
°
 1,213 (2.28) 1,454 (2.01) 

     

  Any autoimmune blood disorders 
°
 202 (0.38) 249 (0.34) 

  Any autoimmune musculoskeletal 

disorders 
°
 

195 (0.37) 242 (0.33) 

  Any autoimmune nervous system 

disorders 
°
 

151 (0.28) 135 (0.19) 

  Any autoimmune endocrine disorders 
°
 398 (0.75) 523 (0.72) 

  Any autoimmune digestive system 

disorders 
°
 

195 (0.37) 198 (0.27) 

  Any autoimmune skin and subcutaneous 

tissue disorders 
°
 

12 (0.02) 10 (0.01) 

  Any autoimmune systemic disorders 
° 21 (0.04) 23 (0.03) 

  Any autoimmune circulatory system 

disorders 
°
 

84 (0.16) 110 (0.15) 

  Any other autoimmune disorders 
°
   

     

 Other diagnoses **   

  Human Immunodeficiency Virus 

(HIV) ** 
8 (0.02) ≤ 5 

  Cancer (malignant neoplasms) ** 217 (0.41) 268 (0.37) 

  Coagulation defects ** 55 (0.10) 64 (0.09) 

  Purpura, thrombocytopenia, and other 

hemorrhagic conditions ** 
236 (0.44) 309 (0.43) 

  Mental retardation ** 167 (0.31) 113 (0.16) 

  Autism Spectrum Disorder ** 200 (0.38) 92 (0.13) 

  Epilepsy / Seizures ** 975 (1.83) 951 (1.31) 

  Cerebral Palsy ** 224 (0.42) 124 (0.17) 

  Chronic renal failure ** 27 (0.05) 40 (0.06) 

     

  Congenital anomalies ** 3,891 (7.32) 5,097 (7.04) 

   Nervous system ** 234 (0.44) 209 (0.29) 

   Ear, Nose, Throat, and Face ** 370 (0.70) 510 (0.70) 

   Circulatory system ** 981 (1.84) 1,379 (1.90) 

   Respiratory system ** 111 (0.21) 144 (0.20) 

   Digestive system ** 299 (0.56) 398 (0.55) 

   Genital organs ** 79 (0.15) 97 (0.13) 

   Urinary system ** 186 (0.35) 227 (0.31) 

   Muskuloskeletal ** 1,531 (2.88) 1,926 (2.66) 

   Chromosomal ** 224 (0.42) 167 (0.23) 

    Down’s syndrome ** 74 (0.14) 41 (0.06) 
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   Other anomalies ** 669 (1.26) 839 (1.16) 

 

*
 Ascertained anytime preceding cohort entry; expressed as percentages (%) unless otherwise indicated. 

†
 Mean age at cohort entry. 

‡
 Health care utilization information for one year before cohort entry 

§
Exclude hospitalizations at birth. 

║ 
Cut points were based on the frequency distribution of the data for each variable. 

¶
 Includes family practitioner, general practitioner, and pediatrician 

°
 Disorders were determined using 2 physician visit codes within 2 years, 1 hospitalization code or 1 

emergency department code 
¥
 Acute disorders were determined using 1 physician visit code, 1 hospitalization code or 1 emergency 

department code 
**

 Disorders were determined using 2 physician visit codes within 1 year, 1 hospitalization code or 1 

emergency department code 
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Chapter 5 

General Discussion 

5.1 Introduction 

Annually, the Ontario’s MOHLTC invests approximately $39 M to fund the free HPV 

vaccination program offered to grade 8 girls through school clinics (1). Despite this, vaccine 

uptake in Ontario remains well below the national target of 80% set by the National Advisory 

Committee on Immunization (2;3). During the first year of the HPV vaccination campaign, only 

53% of eligible girls in Ontario received at least one dose of the vaccine, and not all of them 

received the recommended three doses (2;4). The reason for the low coverage in Ontario and 

elsewhere has been attributed, at least in part, to parental concerns regarding the safety and long-

term effects of the HPV vaccine, particularly in the young age group targeted by provincial 

immunization programs (4-7). Given that the low acceptance of the qHPV vaccine undermines 

public health efforts aimed at reducing the burden of HPV-related diseases, and that a recent 

systematic review of clinical trials has suggested that the risk of bronchospasm may be increased 

by the qHPV vaccine, it is important to evaluate the risk of serious respiratory-related effects 

(SRREs) associated with the use of this vaccine among grade 8 girls. 

5.2 Main Findings 

This is the first study to assess the risk of asthma following qHPV vaccination. This large, 

population-based cohort study provides strong evidence that the qHPV vaccine does not increase 

the risk of incident asthma or asthma exacerbation. It also provides additional evidence for the 

lack of an increased risk of anaphylaxis following receipt of the qHPV vaccine. This study 

provides invaluable information about the risk of SRREs following qHPV vaccination in a cohort 
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of girls that is representative of the age group most commonly targeted by publicly funded HPV 

immunization programs.  

The association between the qHPV vaccine and the risk of incident asthma and asthma 

exacerbation appears to be unchanged by the time since vaccination. In other words, there appears 

to be no increased risk of asthma in the 30 days following vaccination, regardless of when the risk 

is assessed. One possible exception to this is the risk of incident asthma on the day of vaccination 

(RRadj 1.81; 95% CI 0.80-4.06). Although there is considerable uncertainty about this estimate 

given the small number of exposed cases on which it is based (≤5 of 864 vaccinated cases 

contributing to the analysis), this result suggests that the risk of incident asthma may be elevated 

on the day of vaccination but returns to baseline between days 1 and 30 post-vaccination. Given 

parental concerns and media reports about the potential harms of the HPV vaccine, it is possible 

that girls experiencing respiratory-related symptoms would be more likely to consult a physician 

if she was recently vaccinated, thereby introducing detection bias. Conversely, there was no 

increased risk of asthma exacerbation observed on the day of vaccination despite the expected 

influence of detection bias. This lack of association may be due to the fact that asthma 

exacerbation only captures girls that are presented to the emergency department or were 

hospitalized. As such, it is possible that girls with established asthma are more aware of the 

symptoms of an exacerbation, and may be better prepared to self-manage the exacerbation using 

the asthma medications already on hand, which would result in fewer cases of asthma 

exacerbation presenting early. Since it is unlikely that girls with serious respiratory symptoms 

would seek care for symptoms presenting the day of vaccination but not those presenting the next 

day, the overall pattern of risk indicates that the qHPV vaccine does not increase the risk of 

asthma. 
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With the possible exception of a history of autoimmune disease, the asthma-qHPV association 

appears to be unchanged by the presence of risk factors for asthma including a history of atopy 

and/or a history of non-asthma related respiratory diseases (e.g., bronchitis). However, girls with 

a history of autoimmune disorders appeared to be at higher risk of developing asthma or asthma 

exacerbation than girls with no such history, although the association for the former failed to 

reach statistical significance. This association is biologically plausible as recent evidence suggests 

that asthma and autoimmunity may share a common pathogenic mechanism as both disorders are 

the result of a dysregulation of the immune system (8;9). On the other hand, it is possible that the 

subgroup effect observed in our study is due to a type I error given the small number of 

“exposed” cases (i.e., occurring within 2 days of vaccination) which resulted in statistically 

unstable risk estimates, the number of analyses undertaken, and the lack of an association for the 

primary endpoints (10;11). As such, these results must be interpreted with due caution and require 

confirmation.  

While this is the first study of the asthma-HPV vaccine association, the validity of this study’s 

findings is strengthened by the use of a self-matched analysis that inherently controls for 

unmeasured and unknown time-fixed confounders, the large number of cases identified for both 

asthma outcomes, the strong associations observed between well-established risk factors for 

asthma and asthma exacerbation (i.e., age, seasonality, and recent infections) and the risk of these 

two outcomes, and the observation that only 10% of cases occurred within 30 days of qHPV 

vaccination for both asthma outcomes.  

There were no cases of anaphylaxis occurring the same day a dose of the qHPV vaccine had been 

administered (i.e., no “exposed” cases), thereby suggesting the lack of an association between this 

vaccine and the risk of anaphylaxis. Moreover, the number of cases observed were nearly equally 



 

 

 

108 

distributed between vaccinated and unvaccinated girls. Furthermore, the results were the same 

when the exposure risk period was extended to two days post-vaccination. 

5.3 Results in the context of existing evidence 

This is the first study to assess the risk of incident asthma and asthma exacerbation following 

HPV vaccination. However, our results are consistent with epidemiologic studies of non-HPV 

vaccines that have found no association for the risk of incident asthma and asthma exacerbation 

following vaccination. For example, a population-based retrospective cohort study found no 

increased risk of asthma exacerbations following influenza vaccination among children aged 1 to 

6 during the 1993-4, 1994-5, and 1995-6 influenza season (IRR 0.78; 95% CI 0.55-1.10, IRR 

0.59; 95% CI 0.43-0.81, and IRR 0.65; 95% CI 0.52-0.80, respectively) (12). In addition, a meta-

analysis of observational studies found no statistically significant association between either 

whole-cell pertussis or BCG vaccinations and the incidence of asthma during childhood and 

adolescence (OR 0.99; 95% CI 0.78-1.25 and OR 0.98; 95% CI 0.88-1.08, respectively) (13). In 

contrast, an observational study reported a significant association between vaccination and 

asthma. This retrospective cohort study of children assessed from birth to age 12 at a family 

practice in the UK reported an increased risk of atopic disease, including asthma, following 

vaccination with whole-cell pertussis compared with unvaccinated children (RR 1.76; 95% CI 

1.39-2.23) (14). This finding differs from the results of our study for a number of reasons. First, 

this study assessed a different vaccine. Second, this study evaluated a composite endpoint that 

included asthma and other atopic disorders, such as hay fever and eczema. Third, the analysis was 

based on an immunization with whole-cell pertussis vaccine, regardless of the age at which it was 

administered, as such the vaccination could have occurred many years before the development of 

asthma and introduce the possibility of confounding effects from other exposures. Finally, the 
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comparison of vaccinated and unvaccinated children may have introduced selection bias if factors 

associated with vaccination were also determinants of the outcome. 

In our study, time-dependent factors such as age, season, receipt of non-HPV vaccines and recent 

infections were significantly associated with asthma risk, and therefore, controlled for in the 

Poisson model. The results show that age was a confounder in our study as the point estimate 

decreased by > 10% following its inclusion in the model. Age is strongly associated with HPV 

vaccination as Ontario’s HPV immunization program is only free of charge to grade 8 girls, and 

is also known to be an important determinant of asthma risk. For example, in 2009 the incidence 

of asthma in Ontario was higher among girls aged 10 to 14 (i.e. 4.44 per 1,000 person-years) than 

girls aged 15 to 19 (i.e. 2.46 per 1,000 person-years) (15;16). This age effect for asthma risk was 

also apparent in this study as the incidence of asthma was found to decrease as girls became 

older. As age is associated with both the exposure and outcome of this study, age is a 

confounding factor in this study. Conversely, seasonality, receipt of non-HPV vaccinations and 

recent infections were not confounders in this study as the point estimate did not change 

following their inclusion in the model. Although seasonality was not a confounder, it was found 

to be significantly associated with both incident asthma and asthma exacerbation. In the present 

study, the risk for incident asthma and asthma exacerbation peaked in September and October, 

while the risk in other months was similar to that in June through August (reference category). 

These findings are consistent with previous studies demonstrating seasonal variation in the 

clinical expression of asthma. For example, a US study reported that asthma hospitalizations 

peaked between September and November for individuals aged 5 through 34 years (17). 

Similarly, infections were associated with an increased risk of incident asthma and asthma 

exacerbation (RRadj 67.04; 95% CI 47.15-95.32 and RRadj 134.11; 95% CI 101.35-177.46). These 
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findings are consistent with a previous study that reported an association between rhinovirus and 

risk of asthma exacerbation. A matched case-control study of children aged 3-17 years from a 

hospital in the UK reported an increased risk of asthma exacerbation following exposure to 

rhinovirus, a commonly detected respiratory pathogen, compared to children with stable asthma 

who were not admitted to the hospital and did not require asthma medication within the previous 

12 months (OR 8.3; 95% CI 2.5-27.6) and children who were admitted to the hospital with non-

respiratory conditions (OR 7.0; 95% CI 2.5-19.9) (18). However, the considerably stronger 

associations reported in our study may be explained by tighter control of confounding from the 

use of a self-matched analysis. In contrast, receipt of non-HPV vaccines was associated with 

incident asthma (RRadj 4.29; 95% CI 2.47-7.47), but not with asthma exacerbation (RRadj 1.88; 

95% CI 0.60-5.91). These results may be explained by the possibility that receipt of non-HPV 

vaccine primes the immune system, and the subsequent receipt of the HPV vaccine triggers the 

development of asthma. Whereas for individuals with pre-existing asthma, the development of 

asthma was not caused by receipt of non-HPV vaccine, and as such, receipt of non-HPV vaccine 

does not necessarily induce an asthma exacerbation.    

Although all of the previously discussed time-dependent factors were significantly associated 

with asthma risk, to be a confounder, these factors would need to also be associated with 

exposure status. As the exposure risk periods chosen for the current study are of a short duration 

(i.e. same day or 0 to 2 days), the likelihood of these time-dependent factors occurring during 

“exposed” follow-up time is very unlikely, which likely explains why these determinants of 

asthma risk are not confounders in this study. Collectively, these findings provide evidence for 

the validity of this study as the results are consistent with reported literature.  
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In this study, a history of autoimmune disorders was found to be an effect modifier of both 

asthma outcomes following immunization with the qHPV vaccine. The validity of this association 

is supported by recent evidence suggesting that asthma and autoimmunity may both result from 

immune system dysregulation (8;9). In addition, a retrospective cohort study of 60,254 children 

reported that the cumulative incidence of asthma in the first 7 years of life was significantly 

higher in children with coeliac disease, rheumatoid arthritis and type 1 diabetes than in children 

without these autoimmune disorders (19). In contrast, a study conducted by Sheikh et al. reported 

that there was no association between a history of autoimmune disorders and the risk of atopy 

(20). There are two probable reasons as to why these findings are inconsistent with ours. First, 

this study defined atopy as the presence of only one or more positive skin prick test response to 

10 common aeroallergens (i.e., did not include asthma in the definition of atopy). Second, this 

study only included adults who may be less susceptible to experiencing an exaggerated immune 

response to vaccination than the adolescents included in the current study (21-23). 

While the current evidence regarding the biological plausibility of the observed subgroup effect is 

conflicting, the consistency of our findings across both asthma outcomes suggests the possibility 

of true effect modification. On the other hand, it is possible that this subgroup effect is due to a 

type I error given the small number of cases involved, the number of analyses undertaken, and the 

lack of an association for the primary endpoints (10;11). In addition, the lack of effect 

modification for a history of atopy and a history of non-asthma related respiratory disorders (i.e., 

bronchitis), two other risk factors for asthma that are also associated with immune system 

dysregulation, suggests that the effect modification by a history of autoimmune diseases require 

confirmation before a recommendation can be made about vaccinating girls with such a history. 
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The lack of an increased risk of anaphylaxis following qHPV vaccination observed in the current 

study is consistent with a study of 35 Australian schoolgirls aged 12 to 18.9 years who were 

referred to paediatric allergy centres after experiencing a hypersensitivity reaction following 

qHPV vaccination (24). Anaphylaxis was confirmed in only two of the 25 girls who agreed to 

undergo further testing for an estimated incidence rate of anaphylaxis of 0.53 per 100,000 doses 

administered, similar to that reported with other vaccines (25). In contrast, Brotherton et al., 

reported an incidence rate of 2.6 per 100,000 doses (95% CI 1.0-5.3 per 100,000) in a cohort of 

114,000 Australian females between the ages of 12-26, and concluded that the qHPV was 

associated with a significantly higher risk of anaphylaxis than that of other vaccines offered to 

this age group (25;26). It has been suggested that the high rate of anaphylaxis observed in this 

study may be specific to the population studied and, therefore, needs to be assessed in other 

populations before any conclusions could be drawn about the risk of anaphylaxis following qHPV 

vaccination (27). Our analysis was based on more than twice the number of cases as that 

identified by Brotherton, used self-matching to control for unknown or unmeasured confounding, 

included an internal comparison group (i.e., “unexposed” follow-up time among vaccinated girls) 

and found no evidence of an increased risk of anaphylaxis following qHPV vaccination. 

5.4 Strengths and Limitations 

This is the first study to assess the risk of asthma following qHPV vaccination and the largest to 

assess the risk of anaphylaxis associated with the use of this vaccine. This is also the only study 

of the safety of the HPV vaccine to have used a self-matched analysis to minimize the potential 

for confounding, particularly due to unmeasured and unknown time-independent confounders. 

Another important strength of this study is its low potential for selection bias given the 

population-based nature of the cohort, the use of inclusion and exclusion criteria generated from 
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the pre-defined cohort eligibility criteria for Ontario’s Grade 8 HPV Vaccination program that are 

unrelated to the risk of the outcome or the probability of exposure, and the low losses to follow-

up (i.e., limited to death and emigration from the province). Indeed, the only possible source of 

selection bias is the use of birth cohorts to identify girls eligible for Ontario’s Grade 8 HPV 

vaccination program (re: girls who advance or fail a grade and girls not in a grade corresponding 

to their age (e.g., those with intellectual or physical disabilities such as Down’s syndrome or 

autism) and their probability of being vaccinated versus those in correct grade and their 

probability of vaccination). Finally, the age group studied (i.e., 12-17 years) make the results 

generalizable to the population most often targeted by publicly funded HPV immunization 

programs. 

It is also important to consider the limitations of this study as these may threaten the validity of 

the results. The potential limitations of this study include misclassification of vaccination status 

and exposure risk periods, misclassification of outcomes, residual confounding due to unknown 

time-dependent factors, healthy vaccinee bias, and underpowered analyses. 

5.4.1 Misclassification of Vaccination and Exposure Status 

Although the IRIS database has been shown to have very high sensitivity and specificity for HPV 

immunization data, the validation study was carried out on the IRIS data from the KFL&A health 

unit. As such, it is important to consider the potential for misclassification of exposure arising 

from the use of the IRIS data from other PHUs. This source of misclassification is expected to be 

minimal as all PHUs in Ontario are legally bound to track and record immunizations mandated 

under the Immunization of School Pupils Act (1982) and the Amended Act (1984) for all school-

aged children attending registered schools and children attending licensed daycares in the 

province (4;28). As such, the documentation standards for immunization records are expected to 
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be high in all Ontario PHUs. Although the qHPV vaccine is optional, it is being tracked in IRIS 

as if it was mandatory and as such HPV immunization records are expected to have similarly high 

validity and accuracy across health units. 

It is also important to consider the potential for misclassification of exposure arising from the 

choice of exposure risk periods. Although the choice of 0-2 days as the primary risk period for the 

asthma endpoints and same day for anaphylaxis was informed by the available evidence, there is 

still some uncertainty about the correct time period following qHPV vaccination during which an 

adverse event is biologically attributable to the vaccine. This misclassification is expected to be 

non-differential and bias the results towards the null as it was independent of a diagnosis of 

SRRE. However, this bias was negligible as the planned sensitivity analyses using alternate 

exposure risk periods produced similar results.   

5.4.2 Misclassification of Outcomes 

The possibility of misclassification of outcomes also needs to be considered. This potential source 

of bias can arise from the diagnostic codes or algorithms used to identify cases of SRREs. 

Although the case definition used to identify asthma had been validated and demonstrated to have 

good sensitivity and specificity, it nevertheless could have resulted in some misclassification. 

This algorithm can cause up to 11% of the cases to be missed and up to 28% of cases to be 

incorrectly identified as having asthma (29). Also, the algorithm for anaphylaxis has not been 

validated. To minimize the potential for misclassification for this outcome, the case definition 

was limited to anaphylaxis requiring an ED visit or hospitalization for the primary analyses. Yet, 

twice as many cases of anaphylaxis were identified in the current study compared with that of 

Brotherton et al., despite having only 10% more girls in the study. This suggests that a number of 

cases coded as having had anaphylaxis may not have been true anaphylaxis. However, since both 
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sources of errors discussed above affect exposed and unexposed follow-up equally given that the 

analyses were self-matched (i.e., same case or outcome for both exposure ‘groups’), the resulting 

misclassification was non-differential, thereby biasing the results towards the null. These sources 

of bias were investigated in planned sensitivity analyses using alternative case definitions which 

yielded similar results. As such, outcome misclassification is unlikely to explain our results.  

5.4.3 Residual Confounding 

Although the self-matched analysis inherently controls for confounding by all time-independent 

factors, including those that are unknown and unmeasured, there may still be residual 

confounding from unknown time-dependent factors (30). The current study controlled for the 

potentially confounding effects of a number of time-dependent factors including, age, seasonality, 

receipt of other vaccines and recent infections, and found that only age was a confounder. 

However, there is still a possibility of residual confounding due to unknown or unmeasured time-

dependent factors such as environmental triggers of asthma. However, to confound the observed 

associations, such factors would also need to be associated with the exposure. In the context of a 

self-matched analysis, this means that unknown or unmeasured time-dependent factors would 

have to be present during either “exposed” or “unexposed” follow-up time, but not both. Since 

this is unlikely to occur with the use of narrow exposure risk periods (i.e., 0 to 2 days for asthma 

and same day for anaphylaxis), the potential for residual confounding was small.  

5.4.4 Healthy Vaccinee Bias 

Healthy vaccinee bias, a well-established bias in the post-marketing evaluation of vaccines, 

occurs when vaccination is delayed or refused because of recent illness, thereby making those 

who get vaccinated appear healthier (31). In vaccine safety studies, the healthy vaccinee bias 

could mask a true risk increase. Consequently, it is important to test for the presence of this 
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source of confounding. The results of this analysis for incident asthma show that there was no 

difference in the rate of asthma cases during the pre-vaccination period compared to the study 

period, suggesting that the healthy vaccinee bias does not explain the lack of association observed 

between the risk of incident asthma and qHPV vaccination. However, for asthma exacerbation 

there was a lower rate of cases during the pre-vaccination period compared to the study period, 

although this difference was not statistically significant. This suggests that children may be less 

likely to receive the HPV vaccine when they have been recently ill. Most importantly, the 

primary results did not change after including the pre-vaccination period in the analysis for both 

incident asthma and asthma exacerbation. As such, healthy vaccinee bias is not likely to explain 

the associations observed in this study.  

5.4.5 Underpowered Analyses 

Some of the analyses undertaken were underpowered. Underpowered analyses, also commonly 

referred to as type II error, occurs when a statistical test demonstrate that the results are 

statistically non-significant, when in truth the results are statistically significant. For example, the 

lack of anaphylaxis cases occurring within a biologically plausible time period following qHPV 

vaccination made it impossible to carry out the SCCS analysis. Nevertheless, an absence of cases 

occurring within a biologically plausible time frame following vaccination is indicative of an 

absence of increased risk of anaphylaxis.  

Although there was no association between the risk of incident asthma and asthma exacerbation 

and receipt of the qHPV vaccine for the primary exposure risk window of 0-2 days, secondary 

analyses suggested the possibility of an increased risk on the day of vaccination (RRadj 1.81, 95% 

CI 0.08-4.06). However, the small number of cases occurring during this time period resulted in 

considerable uncertainty about the true nature of this association. This finding is consistent with 
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that of a cohort study of the influenza vaccine and asthma among 12,000 older adults between the 

ages of 65 to 79 years. This study reported a significantly increased risk of asthma on the day of 

influenza vaccination (IRR 14.93; 95% CI 11.79-18.89, IRR 14.31; 95% CI 11.02-18.59, and IRR 

12.12; 95% CI 9.33-15.74, for the 1991/92 to 1993/94 influenza seasons, respectively) (32), but 

no increased risk on subsequent days. Nevertheless, the current study will need to be repeated in a 

larger cohort. 

Finally, the results of subgroup analyses suggest the possibility of a clinically important risk 

increase for incident asthma and asthma exacerbation in the small subset of girls with a history of 

autoimmune disease, and a significantly higher risk than for girls with no such history. 

Unfortunately, the small number of cases with a history of autoimmune disease resulted in 

considerable uncertainty about this association, particularly in view of a lack of association 

between the qHPV vaccine and the risk of asthma in the primary analyses. This association will 

also need to be reassessed in a larger study. 

5.4.6 Summary 

Although misclassification of exposure and/or outcome, residual confounding from unknown 

time-dependent factors, and underpowered analyses are limitations of this study, it benefits from 

the use of a self-matched analysis, the use of validated immunization data, and low potential for 

selection bias. In addition, healthy vaccinee bias is unlikely to explain the lack of increased risk 

of SRREs observed in this study.  

5.5 Future Research 

This thesis was based on immunization data from 21 of the province’s 36 PHUs. Future studies 

should include the immunization records of all 36 PHUs in order to provide better precision 
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around the estimates of the risk of SRREs among girls eligible for publicly-funded qHPV 

vaccination programs, particularly with regards to the subgroup analyses and the risk of 

anaphylaxis. Once the IRIS databases from all PHUs have been centralized and record-linked, it 

will represent comprehensive source of immunization information to evaluate uptake and safety 

of the qHPV vaccine. In addition, a centralized IRIS database will also facilitate studies on the 

long-term effectiveness of the qHPV vaccine for preventing pre-cancerous lesions and cervical 

cancer, as well as for assessing the real-world cost-effectiveness of Ontario’s HPV immunization 

program. 

The assessment of the potential risk of other serious adverse events following qHPV vaccination 

will provide broader insight into the safety of this vaccine among the younger populations 

targeted by publicly-funded vaccination programs. For example, two systematic reviews have 

reported gastroenteritis, hypertension, and decrease in joint movement at injection site as adverse 

events considered related to HPV vaccination (34;35). As such, there is a need to assess these 

potential adverse events using a population-based approach to present comprehensive information 

on the safety of the qHPV vaccine. However, difficulties in identifying such diagnoses using 

administrative health databases will pose important challenges that will need to be addressed 

using validation studies. It is also possible that administrative health databases will need to be 

supplemented with information from medical records in order to accurately capture these 

diagnoses for future safety analyses. 

5.6 Implications of Study Results and Conclusion 

This study provides strong evidence that the qHPV vaccine does not increase the risk of incident 

asthma or asthma exacerbation. It also provides additional evidence for the lack of an increased 

risk of anaphylaxis following receipt of the qHPV vaccine. Although the subgroup analyses 
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highlight a potential safety concern for girls with a history of autoimmune disease, these results 

are based on very few cases and affect an extremely small proportion of girls eligible for qHPV 

vaccination. Consequently, the qHPV vaccine does not increase the risk of SRREs for the vast 

majority of girls eligible for this vaccination program.  

Given the controversy regarding the safety of the HPV vaccine and the corresponding low uptake 

in a number of jurisdictions, these findings could have important public health implications. This 

study supplements the growing body of evidence on the safety of the qHPV vaccine. As such, 

policymakers and healthcare professionals can use these results to continue making vaccination 

recommendations for the general population. In addition, the findings of this study could help to 

alleviate parental concerns regarding the potential harms of this vaccine, thereby possibly 

contributing to increasing its uptake in the population. On the other hand, this potential 

association needs to be verified in a larger study even given that it was strong and consistent 

across both asthma outcomes. In the meantime, these results suggest that parents of girls with a 

history of autoimmune disease may want to delay immunization until further evidence is 

available. 

Ultimately, these results need to be considered in the context of the benefits of HPV vaccination. 

The results of RCTs of the qHPV vaccine have demonstrated that it is highly efficacious in 

preventing anogenital warts and precancerous cervical lesions associated with oncogenic HPV 

type 16 and 18, and that this protection lasts for at least five years post-vaccination (34). As this 

vaccine’s safety profile is currently incomplete and it will be years before research can be 

conducted to assess the impact of the qHPV vaccine on the burden of cervical cancer, each 

individual needs to weigh the risks and benefits of this vaccine before consenting to its 

administration. Before an individual can provide ‘informed consent’, accurate and comprehensive 
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information about the real-world effectiveness and safety of the HPV vaccine is needed. As such, 

providers of the vaccine have an ethical responsibility to continue to monitor the impact of this 

vaccine and to disseminate this information to the public. In the meantime, population-based 

studies such as this one are needed to provide evidence about the real-world safety of the qHPV 

vaccine and enable parents to make informed decisions about the risks and benefits of HPV 

vaccination. 

In conclusion, this large, population-based study of over 125,000 girls between the ages of 12 and 

17 years eligible for a publicly-funded, school-based, HPV vaccination program found that the 

qHPV vaccine was not associated with an increased risk of serious respiratory-related events 

including incident asthma, asthma exacerbation and anaphylaxis. These findings add to the 

growing body of evidence about the safety of this vaccine in the age group most commonly 

targeted by HPV vaccination programs. As well, it will provide evidence for making vaccination 

recommendations for the general population, as well as for sub-groups of girls with different 

health profiles.  
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Appendix A 

Randomized Clinical Trials (RCTs) for the HPV vaccine 

Vaccine Placebo

32
Mao et al. 

2006
005 1998-2004 USA, multicentre

II a (double-

blind)

2391 

(females)
16-25 48 months HPV16 L1 VLP saline N/A N/A N/A N/A

Merck & 

Co., Inc.

33 Villa et al. 2006 007 2000-2004
International, 

multicentre

II    (double-

blind)

1158 

(females)
13-24 36 months

components of 

Gardasil®

aluminum 

adjuvant

Vaccine - 92.1%   

Placebo - 80.0%

Vaccine - 0.7%   

Placebo - 1.4%

Vaccine - 0%   

Placebo - 0%
No cases

Merck & 

Co., Inc.

34

FUTURE I 

(Garland et al. 

2007)

013 2001-2007
International, 

multicentre

III     

(double-

blind)

5455 

(females)
16-24 48 months Gardasil®

aluminum 

adjuvant

Vaccine - 86.8%   

Placebo - 77.4%

Vaccine - 1.8%   

Placebo - 1.7%

Vaccine - < 0.1%   

Placebo - 0%
1 case of bronchospasm

Merck & 

Co., Inc.

35

FUTURE II 

(Ault et al. 

2007)

015 2002-2007
International, 

multicentre

III     

(double-

blind)

12,167 

(females)
15-26 48 months Gardasil®

aluminum 

adjuvant
N/A N/A N/A N/A

Merck & 

Co., Inc.

36

FUTURE III 

(Castellsague et 

al. 2011)

019 2004-2010
International, 

multicentre

III  (double-

blind)

3,817 

(females)
24-45 48 months Gardasil®

aluminum 

adjuvant

Vaccine - 76.7%   

Placebo - 64.2%

Vaccine - 0.7%   

Placebo - 0.8%

Vaccine - 0%   

Placebo - 0%
No cases

Merck & 

Co., Inc.

37 Li et al. 2012 N/A 2008
Wuzhou, 

Guangxi, China

III     

(double-

blind)

500 

(females) 

and 100 

(males)

9-45 

(females) 

and 9-15 

(males)

7 months Gardasil®
aluminum 

adjuvant
N/A

Vaccine - 0%   

Placebo - 0.3%

Vaccine - 0%   

Placebo - 0%
No cases

Merck & 

Co., Inc.

38
Kang et al. 

2008
N/A 2005-2007 Korea

I       

(double-

blind)

176 

(females)
9-23 7 months Gardasil®

aluminum 

adjuvant

Vaccine - 72.7%   

Placebo - 55.9%

Vaccine - 0%   

Placebo - 1.7%

Vaccine - 0%   

Placebo - 0%
No cases

Merck & 

Co., Inc.

39
Block et al. 

2010
016 N/A

International, 

multicentre
N/A

20,162 

(females) 

and 1,352 

(males)

9-26 7 months Gardasil®
aluminum 

adjuvant

Vaccine - 82.9%        

Placebo (alum) - 

77.4%              

Placebo (saline) - 

49.5%

Vaccine - 0.9%   

Placebo - 1.1%

Vaccine - 0.05%   

Placebo - 0.02%

6 cases (vaginal 

hemorrhage, 

bronchospasm, 

gastroenteritis, ulcerative 

colitis,and a combination 

of hypertenstion and 

headache)

Merck & 

Co., Inc.

40
Reisinger et al. 

2007
018 2003-2005

International, 

multicentre

III     

(double-

blind)

939 

(females) 

and 842 

(males)

9-16 18 months Gardasil®
aluminum 

adjuvant

Vaccine - 75.3%              

Placebo - 50.0%

Vaccine - 0.4%   

Placebo - 0%

Vaccine - 0%   

Placebo - 0%
No cases

Merck & 

Co., Inc.

Funded

Exposure
Study 

Duration

Age 

(Range)

Cases of vaccine-

related serious adverse 

event reported

Risk for serious 

adverse events

Reference 

No.

Year 

(Range)

Protocol 

No.
Study

Risk for vaccine-

related serious 

adverse events

Sample 

Size
PhaseLocation

Risk for injection 

site-related adverse 

events
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Appendix B 

Systematic Reviews and Meta-Analyses for the HPV vaccine 

Vaccine Placebo Individual studies O verall Individual studies O verall

Koutsky et al. - Peto OR = 1.36 (0.31-5.98)         

 Harper et al. - Peto OR = 0.83 (0.42-1.64)        

Villa et al. - Peto OR = 1.01 (0.14-7.19)     

FUTURE I - Peto OR = 1.07 (0.71-1.61)          

FUTURE II - Peto OR = 0.83 (0.56-1.24)         

 PATRICIA - Peto OR = 1.02 (0.88-1.20)

FUTURE I - RR = 1.07 (0.71-1.60) FUTURE I - RR = 3.00 (0.12-73.58)

FUTURE II - RR = 0.83 (0.56-1.24)         FUTURE II - RR = 1.50 (0.25-8.99)         

 Harper et al. - RR = 1.17 (0.64-2.14)         Harper et al. - N/A    

Koutsky & Mao et al. - RR = 1.34 (0.30-5.96)         Koutsky & Mao et al. - N/A        

Munoz et al. - RR = 0.43 (0.11-1.65) Munoz et al. - N/A

 PATRICIA - RR = 1.00 (0.91-1.11)  PATRICIA - RR = 1.83 (0.68-4.96)

Villa et al. - RR = 1.01 (0.14-7.10)     Villa et al. - N/A     

RR = 1.82          

(0.79-4.20)

bronchospasm, 

gastroenteritis, headache, 

hypertension, injection-

site pain, decrease in joint 

movement at injection 

site, hypersentivity to 

injection, chills, headache 

and fever

15-45 Multinational
RR= 1.00          

(0.91-1.09)
Gardasil

aluminum 

adjuvant

Lu et al. 

2011
44 44,1427

43
Rambout 

et al. 2007
6 40,323 15-25

Cases of vaccine-

related serious adverse 

event reported

Risk for serious adverse events (95% CI)
Risk for vaccine-related serious adverse events 

(95% CI)

Multinational

Peto OR = 

0.998 (0.87-

1.14)

N/A †

bronchospasm, 

gastroenteritis, headache, 

hypertension, and pain at 

the injection site or 

impaired joint movement 

in the injected limb

N/A †

Location

Exposure

Gardasil
aluminum 

adjuvant

Reference 

No.
Study

Sample 

Size

No. of 

studies

Age 

(Range)

 

 N/A 
†
 - Not available (Analyses was not conducted in this study) 

FUTURE - Females United To Unilaterally Reduce Endo/Ectocervical disease  

PATRICIA - PApilloma TRIal against Cancer In young Adults  

OR - odds ratio 

RR - relative risk 
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Appendix C 

All Serious Respiratory-Related Events (SRREs) from the Vaccine Adverse Events Reporting System 

(VAERS) database 

Serious 

Respiratory-

Related 

Events 

  Total Serious 

Symptoms VAERS Code Frequency Percent (%) Life-threatening ER room visit Hospitalized 

Hospitalized- 

Extended 

Stay 

Recovered Disabled Died 
Total 

Frequency 

Total 

Percent 

(%) 

Asthma Asthma 10003553 76 100.00 5 50 15 4 28 2 1 20 26.32 

Anaphylaxis 

Anaphylactic 

reaction 
10002198 80 80.81 19 30 20 2 48 5 1 36 45.00 

Anaphylactic 

shock 
10002199 18 18.18 6 2 4 0 10 2 0 9 50.00 

Anaphylactoid 

reaction 
10002216 1 1.01 0 0 0 0 1 0 0 0 0.00 

Non-Asthma 

Related 

respiratory 

diagnoses 

Bronchial 

hyperreactivity 
10066091 6 0.33 0 4 1 0 1 1 0 1 16.67 

Bronchiolitis 10006448 1 0.05 0 0 0 0 1 0 0 0 0.00 

Bronchitis 10006451 45 2.46 1 24 7 1 15 6 2 14 31.11 

Bronchitis chronic 10006458 1 0.05 1 0 1 0 0 0 0 1 100.00 

Bronchospasm 10006482 33 1.80 6 14 10 1 15 2 0 16 48.48 

Chest discomfort 10008469 163 8.90 22 102 33 2 81 10 0 47 28.83 

Chronic 

respiratory disease 
10061768 1 0.05 1 0 1 0 0 0 0 1 100.00 

Chronic 

respiratory failure 
10009126 1 0.05 1 1 1 1 0 1 0 1 100.00 

Cough 10011224 262 14.30 32 159 71 14 92 22 6 97 37.02 
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Dyspnoea 10013968 801 43.72 78 454 191 19 392 53 7 253 31.59 

Dyspnoea at rest 10013969 1 0.05 1 1 1 0 0 0 0 1 100.00 

Hypersensitivity 10020751 218 11.90 15 118 41 2 101 15 1 57 26.15 

Hyperventilation 10020910 80 4.37 1 40 31 1 41 5 0 33 0.00 

pO2 decreased 10035768 4 0.22 0 1 4 0 1 1 0 4 100.00 

Total lung capacity 

decreased 
10044100 2 0.11 0 1 1 0 2 0 0 1 50.00 

Upper-airway 

cough syndrome 
10070488 1 0.05 0 1 0 0 0 0 0 0 0.00 

Wheezing 10047924 94 5.13 10 57 12 0 53 5 0 21 22.34 

Cardio-respiratory 

arrest 
10007617 4 0.22 1 1 2 0 1 1 3 4 100.00 

Respiratory arrest 10038669 34 1.86 7 20 9 1 20 1 1 12 35.29 

Acute respiratory 

distress syndrome 
10001052 5 0.27 3 3 4 0 2 0 1 4 80.00 

Acute respiratory 

failure 
10001053 2 0.11 2 1 2 1 0 1 1 2 100.00 

Allergic 

respiratory 

symptom 

10063527 1 0.05 0 1 0 0 0 0 0 0 0.00 

Painful respiration 10033517 12 0.66 0 8 5 0 4 1 0 6 50.00 

Respiration 

abnormal 
10038647 2 0.11 1 2 0 0 0 1 1 1 50.00 

Respiratory 

disorder 
10038683 19 1.04 1 11 5 0 5 1 0 6 31.58 

Respiratory 

distress 
10038687 16 0.87 6 12 8 3 8 1 1 10 62.50 
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Respiratory failure 10038695 17 0.93 11 14 17 8 2 7 3 17 100.00 

Respiratory rate 

decreased 
10038710 6 0.33 0 2 2 0 6 0 0 2 33.33 

TOTAL  1832 100.00 24 54 43 12 27 12 7 657 35.86 

TOTAL  2007 100.00 231 1134 499 60 930 144 29 677 33.73 
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Appendix D 

Description and use of health care data sources 

Databases Description Original 

Data 

Source 

Main Data Elements Information Obtained Use of Data or 

Time-Windows 

Diagnostic Record 

RPDB              

Registered 

Persons 

Database 

Record of 

information for 

anyone who has 

received an Ontario 

health card number 

MOHLTC  basic demographics (e.g. 

sex, DOB) 

 geographic data (e.g. 

postal code)  

 Date of last contact  

with health care system 

(DOLC) 

 Health services 

eligibility status 

 ICES Key Number 

(IKN; unique 

identifier 

anonymously linked to 

other individual-level 

databases) 

 Sex, birth date, death 

date 

 Income quintile 

 Place of residence 

 Postal code 

 Sex and DOB for 

identification of 

cohort members 

through linkage 

with IRIS  

 Identification of 

socio-demographic 

information 

 January 1994 to 

April 2012 

 N/A 

IRIS               

Immunization 

Record 

Information 

System 

Record of 

immunization status 

of school-aged 

children and children 

in licensed child care 

facilities 

Local 

Public 

Health 

Units 

(PHUs) 

 student demographics 

(e.g. sex, DOB, school) 

 vaccine type and 

immunization types 

 list of girls born in 

1994 to 1997 that are 

eligible for cohort 

 dates of HPV 

immunizations 

 Identification of 

cohort through 

linkage to RPDB 

 Identification of 

dates of HPV 

immunization for 

exposure status 

 January 1994 to 

April 2012 

 N/A 

OHIP                 

Ontario Health 

Insurance Plan 

Record of out-patient 

service claims from 

physicians and 

healthcare providers 

that claim under 

OHIP 

MOHLTC  patient and physician 

identifiers (encrypted) 

 code for service 

provided, date of service, 

and associated diagnosis 

 fee paid 

 IKN 

 Date of admission 

 OHIP fee code and 

suffix OR diagnosis 

code and explanatory 

code 

 Identification of 

dates and 

diagnoses related 

to physician 

consultations for 

identification of 

 Usually 1 diagnosis 

per visit 

 3-digit diagnosis 

code (variant of ICD-

9) 

 1-character ‘type of 
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 physician speciality study outcomes, 

and individual’s 

medical histories 

 January 1994 to 

April 2012 

diagnosis’ codes 

 1-digit diagnosis 

code suffix 

CIHI-DAD 

Canadian 

Institute for 

Health 

Information - 

Discharge 

Abstract 

Database 

Record of 

information on 

inpatient 

hospitalizations 

CIHI  patient’s demographics 

(e.g. sex, DOB) 

 clinical data (e.g. 

diagnoses, treatments, 

procedures) 

 administrative data (e.g. 

hospital, length of stay) 

 IKN 

 Sex, birth date 

 Admission and 

discharge date and 

time 

 Length of stay  

 Diagnosis code and 

diagnosis type 

 Identification of 

dates and 

diagnoses related 

to hospitalizations 

for identification of 

study outcomes 

 January 1994 to 

September 2012 

 1-25 diagnoses per 

admission 

 7 character ICD-10-

CA or ICD-9-CA 

codes 

 1-character ‘type of 

diagnosis’ codes 

NACRS                 

National 

Ambulatory 

Care Reporting 

System 

Record of 

information on 

patients' emergency 

department visits, 

same day surgery, 

and selected 

outpatient services 

CIHI  patient’s demographics 

 clinical data 

 administrative data 

 financial data 

 service-specific data 

elements for day surgery 

and emergency 

 IKN 

 Arrival date 

 Length of stay in 

hours 

 Diagnosis code and 

diagnosis type 

 Identification of 

dates and 

diagnoses related 

to emergency 

consultations for 

identification of 

study outcomes 

 July 2000 to 

February 2012 

 1-10 diagnoses per 

consultation 

 7 character ICD-10-

CA or ICD-9-CA 

codes 

 1-character ‘type of 

diagnosis’ codes 

ASTHMA 

Ontario Asthma 

Database 

Record of all 

identified 

individual’s with 

asthma 

ICES  patient’s demographics 

(e.g. sex, DOB) 

 first asthma admission 

date in CIHI 

 first OHIP service date 

 asthma prevalent and 

incidence start date 

 data source to identify 

asthma patient 

 prevalence and 

incidence flags for each 

fiscal year 

 IKN 

 Sex, birth date 

 Dates of diagnosis 

for asthma 

 

 Identification of 

new and pre-

existing cases of 

asthma 

 Prevalence cases 

of asthma from 

1993 to 2010 

 Incident cases of 

asthma from 1996 

to 2010 

 N/A 
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Appendix E 

Cohort Assembly 
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Appendix F 

Exposure risk periods
†
 for the outcomes of interest 

 Duration of risk periods (days) 
†
 

Outcome Category Primary Analysis Sensitivity Analysis 

Asthma 0
‡ 
– 2 

0
‡
 – 7,  

0
‡
 – 14 

Asthma Exacerbations 0
‡ 
– 2 

0
‡
 – 7,  

0
‡
 – 14 

Anaphylaxis 24 hours (i.e. day 0
‡
) 

0
‡
 – 1 (i.e., 48 hours),  

0
‡
 – 2 (i.e., 72 hours) 

†
 Duration of follow up time classified as ‘etiologically’ exposed following each vaccine dose 

‡
 0 refers to the day of vaccination (i.e., 'same day') 
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Appendix G 

Outcomes and diagnostic codes 

Classification Outcome 
OHIP 

code(s) 
Description 

ICD-9 

code(s) 
Description 

ICD-10 

code(s) 
Description 

Asthma Asthma 

493 Asthma, 

allergic 

bronchitis 

493 493 – Asthma 

 

Including: 

493.0 – Extrinsic asthma 

 unspecified 

 with status asthmaticus 

 with (acute exacerbation) 

493.1 – Intrinsic asthma 

 unspecified 

 with status asthmaticus 

 with (acute exacerbation) 

493.2 – Chronic obstructive 

asthma 

 unspecified 

 with status asthmaticus 

 with (acute exacerbation) 

493.8 – Other forms of asthma 

 exercise induced 

bronchospasm 

 cough variant asthma 

493.9 – Asthma, unspecified 

 unspecified 

 with status asthmaticus 

 with (acute exacerbation) 

J45 J45 – Asthma 

 

Including: 

J45.0 – Predominantly allergic 

asthma  

 Allergic: 

o bronchitis NOS 

o rhinitis with asthma 

 Atopic asthma 

 Extrinsic allergic asthma 

 Hay fever with asthma 

J45.1 – Non-allergic asthma 

 Idiosyncratic asthma 

 Intrinsic non-allergic asthma 

J45.8 – Mixed asthma 

 Combination of conditions listed 

in J45.0 and J45.1 

J45.9 – Asthma, unspecified 

 Asthmatic bronchitis NOS 

 Late-onset asthma 

J46  J46 – Status Asthmaticus 

 

Including: 

Acute severe asthma 
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Anaphylaxis Anaphylaxis 

N/A 

 

(After 

2011, 

use 

code 

995) 

N/A 

 

(After 2011, 

code 995 will 

be used as it is 

accessible in 

physician 

billing 

software) 

995.0, 995 – Certain adverse effects, 

not elsewhere classified 

 

Including: 

995.0 – Other anaphylactic 

reaction 

995.1 – Angioneurotic edema, not 

elsewhere classified 

995.2 – Unspecified adverse 

effect of drug medicinal and 

biological substance, not 

elsewhere classified 

995.3 – Allergy, unspecified, not 

elsewhere classified 

995.4 – Shock due to anesthesia, 

not elsewhere classified 

995.5 – Child maltreatment 

syndrome 

995.6 – Anaphylactic reaction due 

to unspec food 

995.7 – Other adverse food 

reactions, not elsewhere classified 

995.8 – Other specified adverse 

effects, not elsewhere classified 

995.9 – Systemic inflammatory 

response syndrome, unspecified 

T78.2 T78 – Adverse effects, not 

elsewhere classified 
 

Including: 

T78.0 – Anaphylactic shock due to 

adverse food reaction 

T78.1 – Other adverse food reactions, 

not elsewhere classified 

T78.2 – Anaphylactic shock, 

unspecified 

 Allergic shock 

 Anaphylactic reaction 

 Anaphylaxis 

NOS 

T78.3 – Angioneurotic oedema 

Giant urticaria 

 Quincke oedema 

T78.4 – Allergy, unspecified 

 Allergic reaction NOS 

 Hypersensitivity NOS 

 Idiosyncracy NOS 

T78.8 – Other adverse effects, not 

elsewhere classified 

T78.9 – Adverse effect, unspecified 

 

 

  T88.6 T88.6 – Anaphylactic shock due to 

adverse effect of correct drug or 

medicament properly administered 
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Appendix H 

Validation Studies of Case Definition for Asthma 

Citation 

To T, Dell S, Dick PT, Cicutto L, Harris JK, 

MacLusky IB, Tassoudji M. Case verification 

of children with asthma in Ontario. Pediatr 

Allergy Immunol. 2006 Feb;17(1):69-76. 

Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identifying 

patients with physician diagnosed asthma in health administrative databases. Can 

Respir J. 2009 Nov-Dec;16(6):183-8. 

Case Definition 
One asthma diagnosis code from outpatient 

administrative data for pediatric asthma cases 

≥2 ambulatory care visits in a two year 

period 
†
 and/or ≥1 hospitalization(s) ever for 

asthma  

≥1 ambulatory care visits and/or ≥1 

hospitalization for asthma 

Age of population <18 years old 
10-14 

years 

15-18 

years 
<18 years old 

‡
 19-80 years  19-80 years  

Health 

Administrative 

Databases 

OHIP OHIP OHIP 
OHIP and CIHI-

DAD 

OHIP and CIHI-

DAD 
OHIP and CIHI-DAD 

Codes 493 493 493 
493 (ICD-9), J45 and 

J46 (ICD-10) 

493 (ICD-9),J45 and 

J46 (ICD-10) 

493 (ICD-9),  

J45 and J46 (ICD-10) 

Sensitivity 
91.4%  

(71.4% -100.0%) 
95.9% 94.1% 89.0% 

83.8%  

(77.8 - 89.1) 

95.0%  

(90.4 - 97.8) 

Specificity 
82.9%  

(69.0% - 90.9%) 
76.0% 92.3% 72.0% 

76.5%  

(71.8 - 80.8) 

59.2%  

(53.9 - 64.4) 
†
 algorithm for Ontario’s Asthma Database 

‡
 unpublished, but information is reported by ICES 
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Appendix I 

Algorithm of Outcomes 

Outcome Analysis Ascertainment Algorithm 

Incident Asthma 
* 

Primary 

≥ 2 code for physician visit within two years 
‡
 or 

≥ 1 hospitalization code ever or 

≥ 1 code for ED visit ever for asthma 

Sensitivity 

≥ 2 code for physician visit within two years 
‡
 or 

≥ 1 hospitalization code ever for asthma 
§
 

≥ 2 code for physician visit within one year 
‡
 or 

≥ 1 hospitalization code ever or 

≥ 1 code for ED visit ever for asthma 

Asthma Exacerbation 
† 

Primary 
≥ 1 hospitalization code or 

≥ 1 code for ED visit for asthma 
¶
 

Sensitivity 

≥ 1 hospitalization code or 

≥ 1 code for ED visit or 

≥ 1 code for physician visit (≥ 1 year) 
║
 for asthma 

Anaphylaxis 

Primary 
≥ 1 hospitalization code or 

≥ 1 code for ED visit for anaphylaxis 

Sensitivity 

≥ 1 code for physician visit (code 995) 
¥
 or 

≥ 1 code for ED visit or 

≥ 1 hospitalization code for anaphylaxis 
*
 no history of asthma before cohort entry (did not have either 2 OHIP codes in 2 years, ≥ 1 hospitalization code or ≥ 1 ED visit for asthma) 

†
 history of asthma before cohort entry (had either 2 OHIP codes in 2 years, ≥ 1 hospitalization code or ≥ 1 ED visit for asthma) 

‡
 once the girl has 2 OHIP codes within one/two years, only use the first OHIP code as the date of diagnosis

 

§
 algorithm in ASTHMA database (ICES derived database) 

║
 conditional on the fact that the girl did not have a physician visit for asthma within the last year (to ensure that this is not a routine visit) 

¶
 algorithm only identifies serious/severe cases of asthma exacerbations 

¥
 only using OHIP code 995 as this specific code was implemented after 2011 
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Appendix J 

Ethics Approval 

 


