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Abstract 

Background: Early-season (interim) rather than end-season (final) seasonal influenza vaccine 

(SIV) effectiveness estimates from surveillance studies are utilised for decision-making 

regarding SIV components. Despite, concordance between these estimates is underexplored. 

Further, SIV effectiveness suggestively varies across geographical regions, population 

characteristics, vaccine antigenic similarity with circulating virus strains (VAS), and study 

methods, but the evidence has largely conflicted. This thesis aimed to address these gaps in 

knowledge. 

Methods: Systematic evidence reviews with meta-analyses and a mixed methods study, adhering 

to standard guidelines. Included published full-text articles of SIV effectiveness against 

laboratory-confirmed (RT-PCR/culture) influenza from test-negative design (TND) studies in 

outpatients after the 2009/10 influenza pandemic, with patients vaccinated against influenza 

≥14days before symptom onset and symptom onset ≤7days. Multivariable logistic regression was 

used to assess determinants of a substantial difference (≥10%) between paired adjusted point 

interim/final estimates. Pooled adjusted final estimates against A(H1N1)pdm09, A(H3N2), and 

influenza B were calculated using an inverse variance, random-effects model. The chi-square 

statistic (χ2) was used to assess the statistical significance of the difference between estimates.  

Results: There were 68 pairs of interim/final estimates, with no statistically significant 

difference between almost all. Inconsistent statistical model in estimations, and interim 

estimation before influenza circulation peak increased the odds of having a substantial difference 

between paired estimates. Point pooled estimates were higher in the Southern compared with 

Northern hemispheres, with statistically significant difference between almost all pooled 
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estimates (76 articles). Pooled estimates decreased with increasing age in the Northern 

hemisphere, and were almost entirely statistically significantly higher with vaccine antigenically 

similar compared with dissimilar to circulating virus strains. Pooled estimates were higher with 

self-reported vaccination compared with from medical records, almost entirely higher with 

respiratory specimen collection ≤7days compared with ≤4days of symptom onset, and higher 

with adjustment for age but not medical conditions compared with adjustment for both (70 

articles); however, mostly non-statistically significant. 

Conclusions: Interim SIV effectiveness estimates seem sufficient for SIV composition decision-

making. Variations in final estimates across geographical regions and age groups, and according 

to VAS and study methods necessitate consideration of these factors when designing, evaluating 

or comparing TND studies of SIV effectiveness.
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Preface 

This thesis is comprised of original research designed and conducted by the PhD candidate, 

George Ndubuisi Okoli. The thesis has six chapters. Chapter 1 is an introduction, made up of 

nine sections, namely; Seasonal influenza epidemiology, Influenza prevention, Influenza 

treatment, Seasonal influenza vaccination and vaccine effectiveness, Test-negative design for 

seasonal influenza vaccine effectiveness estimation, Alternative methods for estimating influenza 

vaccine effectiveness, Problem statement, Thesis hypotheses, and Thesis objectives. Chapter 2 

focuses on the common methods across the included studies and is made up of seven sections, 

namely; Literature search strategy, Study eligibility criteria, Citation screening and literature 

selection, Data extraction, Study quality assessment, Data synthesis, and Knowledge 

dissemination. Chapters 3, 4 and 5 are for the three studies that comprise this thesis. Chapter 3 

focuses on the assessment of interim seasonal influenza vaccine effectiveness estimates as proxy 

for final estimates. Chapter 4 focuses on the assessment of variations in seasonal influenza 

vaccine effectiveness across geographical regions, age groups, and levels of the vaccine 

antigenic similarity with circulating virus strains. Chapter 5 focuses on the assessment of 

variations in seasonal influenza vaccine effectiveness due to study characteristics. Chapter 6 is 

the discussion, and is made up of seven sections, namely; Summary of the key findings, 

Interpretation of findings, Study limitations, Study merits, Implications of the findings for policy, 

planning and practice, Recommendations for future research, and Conclusions. These chapters 

are followed by appendices and references. 
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Chapter 1. Introduction 

Seasonal influenza epidemiology 

Influenza, commonly referred to as the flu, is an infectious disease of the respiratory system. 

This disease is caused by certain members of the Orthomyxoviridae virus family; the 

Alphainfluenzavirus (influenza A virus), the Betainfluenzavirus (influenza B virus), and the 

Gammainfluenzavirus (influenza C virus), all of which are ribonucleic acid (RNA) viruses; that 

is, they have RNA as genetic material.1-4 These viruses are the only of the Orthomyxoviridae 

virus family known to cause infections in humans.5-8 They are spread from person to person 

mostly through respiratory droplets or aerosols released into the air when an infected person 

coughs, sneezes or talks near a susceptible person or if a susceptible person touches any surfaces 

with droplets containing the viruses and then touches their nose, month or eyes with the 

contaminated hand.9-13  

While the time frame is not the same for every person who is exposed to and infected 

with influenza, influenza incubation period; that is, the time from exposure until appearance of 

symptoms averages two days, but ranges from one to four days.14 However, a systematic review 

suggested a lower incubation period of 1.4 days (95% confidence interval: 1.3 days to 1.5 days) 

although the authors cautioned that estimates from the included studies were poorly referenced, 

inconsistent and based on limited data.15 The mean serial interval for influenza transmission; that 

is, the time from illness onset in a primary case to illness onset in a successive secondary case 

directly linked with the primary case is estimated to be two to four days.16-18 With infection, the 

influenza virus reproduces in the body of an infected person and the duration of influenza virus 

shedding (expulsion of virus progeny) in immunocompetent persons averages about five days,14 

although virus shedding could continue for more days especially in the very young (<5 year-
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olds),19 older adults (≥65 year-olds),20 the immunocompromised, and persons with certain 

chronic conditions.20-24 

Whereas the influenza C virus causes a very mild infection and is rarely implicated in 

influenza epidemics,21,25 the influenza A and influenza B viruses are clinically more important 

and are responsible for seasonal outbreaks of influenza epidemics among humans,26,27 occurring 

mostly during the winter seasons in both the Northern and Southern hemispheres of the world.28 

This is because of small genetic variations that occur in the influenza A and influenza B viruses 

over time (antigenic drift), allowing them to keep changing and circulating among humans.9,29,30 

Further, the influenza B and influenza C viruses primarily infect humans whereas the influenza 

A virus, in addition to infecting humans, also infects other animals, including birds, pigs, horses 

and cats.31-34 This creates the opportunity for two or more different strains of the influenza A 

virus to combine (reassortment) and suddenly form a new virus subtype (antigenic sift),30,35 with 

the potential to cause a pandemic (globally spread epidemics) especially if a highly replicative, 

easy-spreading and high disease-causing resultant novel subtype emerges, for which the general 

population would have little or no immunity.5,36 

The virulence (ability to cause disease) of the influenza viruses depends on factors 

including the molecular structures on the surface of the viruses known as the antigen. Influenza 

antigens are surface proteins on the viruses that are recognizable by the human immune system 

and are capable of triggering an immune response (antibody production).37,38 These surface 

proteins are the hemagglutinin and the neuraminidase proteins,39-42 with 18 hemagglutinin and 11 

neuraminidase subtypes (H1 through to H18, and N1 through to N11, respectively) known thus 

far. The influenza A virus subtypes are named based on these two surface proteins;2,43,44 for 

example, the H1N1 and H3N2 influenza A subtypes that commonly circulate among humans. 
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However, the influenza B viruses do not have subtypes but rather classified into lineages known 

as the B/Yamagata and B/Victoria.45,46 

Influenza A and influenza B infections could be asymptomatic or mildly symptomatic, 

presenting with slight fever and some respiratory symptoms, and infected persons usually 

recover within a few days without needing medical attention.47 However, some infections could 

lead to severe illness, sometimes with complications, necessitating hospitalisation and 

occasionally leading to death, especially among higher-risk persons such as the very young, 

older adults, pregnant women, and persons with certain chronic medical conditions like diabetes, 

cancers, and immunodeficiency.48,49 While the disease burden attributable to seasonal influenza 

is significant,49,50 the estimates often focus on the burden resulting from respiratory infection 

alone despite additional hidden burden from broader consequences of the disease such as 

exacerbation of underlying chronic medical conditions and functional decline. As such, the 

disease burden of influenza is much more significant.  

Although methodologically difficult to measure, estimates by the World Health 

Organization (WHO) suggest that there are three to five million cases of severe influenza illness 

every year globally, with an associated 290,000 to 650,000 deaths.51 An estimated 9 million to 

41 million illnesses, 140,000 to 710,000 associated hospitalisations and 12,000 to 52,000 related 

deaths are attributable to influenza in the United States of America (USA) alone every year 

between 2010 and 2020,52 with an estimated economic burden of US$5.8 billion every year, 

which accounts for about 65% of the burden due to all vaccine preventable diseases in the 

USA.53 In Canada, an estimated 10% to 20% of the population is infected each influenza season, 

with over 12,000 associated hospitalisations and an estimated 3,500 deaths.54 On average, a 

hospitalisation due to influenza in Canada costs almost CAD$15,000.55 Further, it is estimated 
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that 1.5 million workdays are lost every year due to influenza in Canada, with an associated 

healthcare and lost productivity costs of around CAD$1billion.56 Even so, influenza is ranked 

among the top ten leading causes of death in Canada.57 

 

Influenza prevention 

Good hygiene practices, including cleaning and disinfection of surfaces, frequent washing of 

hands with soap and water, and adequate ventilation of rooms are common strategies to limit 

influenza infection. However, vaccination remains one of the most successful public health 

strategies, for not only influenza prevention, but also for achieving herd immunity in order to 

protect unvaccinated persons,58,59 and to mitigate the impact of infection if a person becomes 

infected.60,61 Reductions in mortality and morbidity attributable to vaccine preventable diseases 

demonstrate the effectiveness of vaccines.62 Nevertheless, whereas some vaccines confer life-

long protection, vaccines like the seasonal influenza vaccine (SIV) provide short-lived 

protection. This is due to the evolution occurring in circulating influenza viruses, which often 

leads to poor antigenic matching between previous season’s influenza vaccine virus strains and 

current season circulating influenza virus strains, and as a result, reformulation of influenza 

vaccine is necessary every influenza season, in an attempt to match vaccine virus strains with 

circulating virus strains for better protection.9,29,30 Estimates suggest that it takes 10 days to 14 

days for an adequate response to the SIV by the immune system for the vaccine to be able to 

confer the expected protection.63 

Various SIV types are available. These include the live attenuated influenza vaccine 

(LAIV), a vaccine created by weakening the influenza viruses, but still keeping them viable;64,65 

and the inactivated influenza vaccine, a vaccine that consists of influenza virus particles or 

viruses that have been grown in culture and then killed to destroy their disease-producing 
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capacity.66 Whereas the LAIV is administered nasally by spraying, the inactivated influenza 

vaccine is an intramuscularly injected vaccine. Depending on the method of production, these 

vaccines could be egg-grown (vaccine viruses grown in chicken eggs),67,68 cell culture-based 

(vaccine viruses grown in cultured cells of mammalian origin),69,70 and recombinant (vaccine 

produced using a type of technology known as the recombinant technology).71-73 Further, 

depending on the strength of the vaccines, particularly for the inactivated type, the vaccines 

could be of standard dose, high dose (contains four times the amount of antigen in a standard 

dose vaccine),74,75 or adjuvanted (made with certain ingredients that help to elicit a stronger 

response by the immune system of the body).71,76,77 Furthermore, depending on the number of 

viruses covered in the vaccines (vaccine valency), the vaccines could be trivalent (contains the 

influenza A virus subtypes (H1N1 and H3N2) and one influenza B virus strain),78 or 

quadrivalent (contains the influenza A virus subtypes and two influenza B virus strains (the 

B/Yamagata and B/Victoria)).79 While the LAIV usually contains three live influenza viruses 

(H1N1, H3N2, and one influenza B virus strain) and is approved for use only among healthy 

non-pregnant persons and persons two years to 49 years old,80,81 the inactivated vaccine may 

contain three or four influenza virus strains and is approved for use among persons at least six 

months old,82 although there are age-specific recommendations for some of the vaccine types 

such as the high dose, adjuvanted and recombinant, recommended for use mostly among older 

adults.71  

 

Influenza treatment 

In many seasonal influenza outbreak scenarios, SIV insufficiency (shortages), unaffordability 

(financial and storage constraints in some countries), and the urgency of the need for a health 

intervention may make vaccine prevention to seem suboptimal. In such scenarios, the use of 
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antiviral drugs where readily available may gain more importance and may therefore take 

somewhat precedence over vaccination although as a strategy for prevention of influenza, the 

need for a healthy person to take an antiviral drug daily for a substantially long period makes 

efficiency of antiviral drug use for this purpose questionable. However, for already infected 

persons, in addition to antiviral drugs ameliorating the impact of infection, they may reduce viral 

shedding, thus reducing infectivity and making onward transmission from these persons less 

likely.83,84 

Until recently, two main classes of antiviral drugs, the influenza M2 proton channel 

inhibitors; amantadine and its methyl derivative, rimantadine, and the influenza virus 

neuraminidase inhibitors (NAIs); oseltamivir, zanamivir, laninamivir, and peramivir have been 

available for mostly treatment of influenza although may also be used for prevention.85 While 

amantadine, rimantadine and oseltamivir are orally administered and swallowed drugs, zanamivir 

and laninamivir are orally and nasally inhaled drugs, respectively. On the other hand, peramivir 

is a solely injectable drug and mostly used for emergency treatment of severe influenza in 

tertiary settings.86 While amantadine and rimantadine are cheaper than the NAIs,87 they have 

substantial issues of toxicity,88 are only known to be effective against influenza A,89 but have 

issues of resistance in some subtypes of this influenza virus such as the H1N1, H3N2 and 

H5N1.85,90 Consequently, these drugs are no longer recommended for influenza 

prevention/treatment, leaving only the NAIs as the antiviral drugs of choice for prevention and 

treatment of influenza, although the evidence on these drugs points to potentially emerging 

resistance especially to oseltamivir and zanamivir, particularly among the very young and the 

immunocompromised.91,92 
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The NAIs work by selectively inhibiting neuraminidase, one of the surface proteins on 

both influenza A and influenza B viruses that enables these viruses to be released from the host 

cells, and as such, the drugs prevent release of newly formed influenza A and influenza B virus 

particles from the cell surface.85 In 2018, a new class of antiviral drug, the endonuclease 

inhibitor, baloxavir marboxil was approved for treatment of influenza in the USA.93,94 This orally 

administered and swallowed antiviral drug works by inhibiting the endonuclease activity of the 

polymerase acidic protein, an influenza virus-specific enzyme in the viral RNA polymerase 

complex required for viral gene transcription.94 Thus, the drug inhibits influenza virus 

replication. The efficacy/effectiveness of the NAIs for influenza prevention,95-98 and reduction in 

the risk of influenza-associated complications such as pneumonia and respiratory failure, 99,100 

and mortality,101 are established. The efficacy/effectiveness of baloxavir marboxil are also 

established.102,103 Nevertheless, evidence suggests that vaccination is more cost-effective than 

treatment against influenza especially among healthy persons,104-106 and therefore, vaccination 

remains the strategy of choice against influenza. 

 

Seasonal influenza vaccination and vaccine effectiveness 

Many countries have implemented seasonal influenza vaccination programmes, with the aim of 

reducing the impact of seasonal influenza outbreaks especially among those population 

subgroups that are most at risk of influenza-related complications and hospitalisations.48,49 To 

optimise the effectiveness of the vaccination programmes, assessment of SIV efficacy and 

monitoring of SIV effectiveness are highly necessary. However, SIV efficacy/effectiveness has 

been elusive and a focus of debate due to a host of factors, including that influenza outbreak 

virus strains differ by place and time, vaccine strains differ by season and region, and population 

characteristics are naturally dynamic and differ demographically, with varying proportions of 
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populations having pre-existing antibody titres against influenza from previous infections and 

vaccinations.107 Therefore, even a well-designed, appropriately-conducted and large randomised 

controlled trial (RCT) of SIV efficacy would simply provide a place/time/season/participants-

specific observation of SIV efficacy.107 Moreover, due to practical and ethical constraints, RCTs 

of SIV efficacy are not feasible. Regulatory approvals for SIV are often predicated on the 

findings of small immunogenicity clinical trials that do not necessarily correlate with vaccine 

effectiveness in real life.82,108 In addition, monitoring of SIV effectiveness post-licensure is 

typically using observational studies, with no consensus on which method of estimation of the 

vaccine effectiveness constitutes a pragmatic gold standard. For these reasons, the measurement 

of efficacy and effectiveness of SIVs remain controversial. 

Compared with a cohort study design, the traditional case-control study design had been a 

common observational study design used for assessing SIV effectiveness due to its cost-

effectiveness and easier and faster implementation.109-111 As the name implies, a case-control 

study is always a retrospectively-conducted study considering that the study outcome (the cases) 

is known at the start of the study and the exposures are then investigated retrospectively. 

However, one of the major problems with this study design is the identification of appropriate 

controls for the cases; that is, identification of persons that represent the exposure distribution in 

the same population from which the cases derive, in order to limit selection bias and subsequent 

invalid estimations of the vaccine effectiveness.112 Even so, definition of cases may differ 

between studies, which presents further difficulties for when comparing estimates of SIV 

effectiveness. For example, some studies may use laboratory confirmation of influenza for case 

definition whereas others may use presentation with acute respiratory symptoms. Even among 
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those that use laboratory confirmation of influenza for case definition, laboratory tests may 

differ, further complicating comparisons of SIV effectiveness estimates between studies. 

Different approaches to identifying controls in case-control studies of SIV effectiveness 

are evident from the literature.113 Following the identification of persons presenting with 

symptom set suggestive of an acute respiratory illness (ARI) or an influenza-like illness (ILI) 

symptom set in outpatient or in-patient settings and/or laboratory confirmation of influenza 

(cases), the controls may be identified from either the general study population, from persons 

presenting with symptoms unrelated to influenza, or from persons diagnosed with other similar 

acute respiratory diseases. Controls may also be identified by using propensity score matching of 

each case to one or more controls that share certain important characteristics with the cases, 

particularly those characteristics that may be associated with being infected with influenza and 

receipt of influenza vaccination; i.e., potential confounders.114 However, these approaches pose a 

high risk of selection bias, which may affect the validity of SIV effectiveness estimates derived 

using them. Nevertheless, irrespective of approach, confounding factors still must be taken into 

account, for example, using statistical adjustment. 

 

Test-negative design for seasonal influenza vaccine effectiveness estimation 

To address the problem of identification of appropriate controls for cases in estimation of SIV 

effectiveness, in 2005, Skowronski and colleagues from British Columbia, Canada proposed a 

unique study design, the test-negative design (TND),115 although earlier vaccine effectiveness 

estimation studies had utilised a methodologically similar approach; for example, in assessing 

the effectiveness of the pneumococcal vaccine.116-118 Since then, the use of the TND in 

estimation of SIV effectiveness has been gaining attention and the design is increasingly 

embedded in influenza surveillance studies in many jurisdictions, globally.119,120 In this study 
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design, cases are persons presenting with ARI symptom set or symptom set suggestive of ILI in 

clinical outpatient or in-patient settings, mostly depending on severity,113 and their respiratory 

specimen (nasopharyngeal or throat secretions) testing positive for influenza; ideally, with 

laboratory confirmation using the reverse-transcription polymerase chain reaction (RT-PCR) or 

viral culture since these tests are highly specific and are considered the gold standards for 

influenza confirmation.121,122 The non-cases (controls) are persons also presenting with ARI 

symptom set or symptom set suggestive of ILI, but testing negative for influenza using the same 

laboratory confirmatory test as the cases to ensure consistency and appropriate comparisons 

between cases and non-cases. Influenza vaccination status of the persons testing positive and of 

those testing negative for influenza are then determined; ideally, from medical records to limit 

recall and social desirability biases associated with self-reported vaccination.123,124 The odds of 

vaccination in each group is determined and the confounder-adjusted odds ratio calculated. SIV 

effectiveness is then estimated as, one minus the adjusted odds ratio, multiplied by 100%. 

The TND has often been referred in the literature to as a type of case-control study design 

perhaps because comparison is made between cases and non-cases (the controls).107,125,126 

However, unlike in a case-control study in which sampling of participants is conditional on their 

influenza status, recruitment of persons into the TND study is not guided by influenza status, as 

persons are first recruited into a study before their influenza status is ascertained.119 As such, it 

may be improper to view the study design as a case-control type.120 The design has also been 

referred to as a variant of a cohort study because the study participants are a clearly defined 

group of people who share a common clinical definition of ARI or ILI for eligibility for 

participation, and those who do not meet the definition are ignored.127 However, a control group 

is defined and compared with the cases in the TND, which negates the thought of the study 
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design being of a traditional cohort type. On the other hand, by limiting study participation to a 

group of people who share a common clinical definition of ARI or ILI in the TND study of SIV 

effectiveness estimation and then establishing cases and non-cases based on laboratory 

confirmation of influenza, such an approach may even be viewed to be more of a nested case-

control or case-cohort study types although generally still not informed by influenza status. That 

said, the TND is a uniquely defined study design and therefore, it may be more appropriate to 

treat it as a separate study design irrespective of similarities with case-control and cohort study 

types, as this will help limit confusion. This idea has also been previously suggested.119 

Nevertheless, the validity of the TND for estimation of SIV effectiveness is not well 

established. Despite this fact, the low-cost nature of the study design when compared with the 

cohort or the traditional case-control study designs, and the perceived simplicity of its 

implementation have led to a wide-spread use of the TND, raising concerns of the possibility of 

some researchers not having a grounded understanding of the epidemiological principles that 

underpin the study design and therefore, the potential for invalid estimations with improper 

implementation of the design.107,120,125 First, the validity of the TND is based on the assumption 

that SIV has no effect on other acute respiratory diseases that may present similar to influenza.125 

The reason being avoidance of cross-protection and, as such, the validity of the TND is also 

based on the assumption that the risk of infections by non-SIV-targeted pathogens resulting in an 

ARI or ILI does not vary by influenza vaccination status.113 This core assumption of the TND for 

SIV effectiveness estimation was validated by De Serres and colleagues, with the conclusion 

that, if met, estimates from appropriately conducted TND were accurate and precise when 

compared with the gold standard of classic per-protocol RCT analysis.125 Modelling studies have 

also suggested that the TND could produce estimates comparable with those of case-control and 



12 

 

cohort studies; however, if only a highly specific diagnostic test is used for testing.128,129 Further, 

the TND assumes that SIV confers total protection to the vaccinated persons, but whether this is 

truly so is difficult to establish and therefore, this assumption is not easily validated and 

guaranteed in TND studies of SIV effectiveness.130 Moreover, the potential biases that SIV 

effectiveness estimations are prone to also need to be determined within the context of the 

circulating influenza viruses and influenza season, the characteristics of study participants, and 

key methodological steps such as, study participants recruitment; for example, whether patients 

were recruited consecutively or systematically at physician’s discretion, study setting, respiratory 

specimen collection and testing, and how confounders are dealt with; for example, confounder 

adjustments in data analysis.  

There is the need for a cautious approach to study participants recruitment, with a clearly 

defined symptom set for ARI or ILI and giving all persons who present with the symptom set 

equal opportunity to participate (consecutive recruitment), as this will minimise biased sampling 

compared with if patients were to be included at physicians’ discretion (systematic recruitment) 

considering that physicians are more likely to request laboratory testing for the more severe 

persons compared with for those presenting with milder symptoms, and for persons who did not 

receive SIV compared with those who received vaccine. A systematic recruitment at physicians’ 

discretion would likely lead to a false increase in the proportion of the non-vaccinated among the 

cases, resulting in overestimation of vaccine effectiveness. Even so, definition for ARI or ILI 

must not only be clear but should be applied consistently across all presenting persons; 

otherwise, a biased sampling of the presenting persons could also arise. Consistency is also vital 

in diagnostic testing of study participants and the use of the RT-PCR or viral culture is advocated 

to minimise misclassification bias and invalid estimations of SIV effectiveness.131 Modelling 
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studies have shown that using influenza diagnostic tests with low sensitivity and specificity; for 

example, the rapid influenza diagnostic test (RIDT) lead to underestimation of SIV effectiveness 

in comparison to using RT-PCR or viral culture.128,129 Further, potential confounders that have 

been considered in TND studies of SIV effectiveness across the literature, include age, sex, 

chronic diseases and other high-risk status, calendar time, prior SIV receipt and prior influenza 

infection.113,132 While age and chronic disease status have been found to be associated with 

receipt of SIV,133,134 as well as with increased susceptibility to influenza,135-137 and therefore may 

be regarded to be strongly established confounders of SIV effectiveness, the plausible 

associations between sex and receipt of SIV and increased susceptibility to influenza are largely 

debatable; therefore, sex in particular may not be a strongly established confounder of SIV 

effectiveness and, as such, is often omitted in SIV effectiveness studies.132 Evidence from a 

modelling study demonstrated confounding that could arise if a study fails to adjust for calendar 

time, suggesting that calendar time may be strongly associated with receipt of SIV and being 

infected with influenza.119 This may be true considering that seasonal influenza vaccination and 

influenza virus circulation are both seasonal. Despite that prior exposure to an influenza virus 

(whether via vaccination or natural infection) is believed to induce immunity that may protect 

against infections by the virus and may confer cross protection against antigenically similar virus 

strains,138 prior SIV receipt and influenza infection are often not adjusted for in many studies; 

thus, suggesting residual confounding in SIV effectiveness estimates from such studies.120 

Furthermore, it has been argued that adjusting for disease severity in TND studies of SIV 

effectiveness is necessary considering that an important factor relating to seeking care for an ARI 

or ILI may be the severity of the illness and that influenza severity is expected to be associated 



14 

 

with vaccination status, which makes it likely that the unvaccinated would develop more severe 

infection if infected and are therefore the more likely persons to seek care.139  

Variations in the methodological approaches to TND are evident from the literature. A 

large systematic review found that, of 253 published TND studies of influenza vaccine 

effectiveness up to October 2018, 45% were conducted in outpatient settings, and 57%, 19%, 

3.5% and 1.6% utilised ILI, ARI, severe respiratory illness, and febrile respiratory illness and 

pneumonia, respectively, for study participants recruitment.113 The review also found that while 

in 99% of studies cases and non-cases were determined alike as previously described, 

confounder adjustment varied across studies, with adjustments for age in 83% of the studies and 

for calendar time in 71%, but the proportion that adjusted for comorbidities and sex were not 

clear from the review reporting. However, even when age is adjusted, adjusting for age as a 

categorical rather than a continuous variable as observed in some of the reviewed studies might 

have led to residual confounding due to age, the importance of which matters in SIV 

effectiveness when small changes in age may correspond to substantial differences in 

immunological competence, as the authors of the review argued.113 

 

Strengths in test-negative design study of seasonal influenza vaccine effectiveness 

One major tenet of study participation in the TND study of SIV effectiveness is a person seeking 

medical attention because of an ARI or ILI and gets invited and agrees to participate in a study. 

When viewed from a case-control study perspective therefore, the TND study of SIV 

effectiveness satisfies the major principle that underpins the validity of a case-control study since 

cases and controls derive from the same treatment-seeking population and, controls are only 

distinguishable from cases based on laboratory confirmation of influenza.107,125,127 As such, this 

is an inherent strength in the TND and, in selecting a group of persons seeking medical care for a 
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specific set of clinical symptoms, similarity between cases and non-cases is optimised, thus 

minimizing selection bias. 

Evidence from cohort studies of SIV effectiveness among older adults has shown that 

observed benefits of influenza vaccination among this important subpopulation are often mostly 

due to the high uptake of vaccination among relatively healthy healthcare-seeking persons who 

are often mostly recruited in studies compared with unhealthy persons who may have the less 

capability, capacity and likelihood to seek medical care, and are therefore less likely to be 

included in studies.140 Seasonal influenza vaccination is voluntary and therefore vaccination is 

likely influenced by healthcare-seeking behaviour of persons; that is, the propensity of a person 

to seek medical care, and also a person’s preventive health behaviour is likely associated with 

them being infected with influenza.141 Whether vaccinated against influenza or not, a person 

might still be infected with influenza, but may or may not develop symptoms. Symptomatic 

persons would likely seek medical care; however, potentially depending on symptom severity 

and their healthcare-seeking behaviour. Even so, whether vaccinated or not against influenza, 

some persons may develop an ARI or ILI, but still test negative for influenza. It is therefore 

important that persons have equal chance of being recruited into a study evaluating influenza 

vaccine effectiveness irrespective of their influenza status. Consequently, by selecting only 

persons who have sought medical care for an ARI or ILI, the TND is believed to minimise 

confounding by healthcare-seeking behaviour.3 The principle that underpins this concept is 

detailed in the literature,120,141 and demonstrated by studies.142 Nevertheless, confounding by 

healthcare-seeking behaviour could persist under the TND if significant variation in symptom 

severity gives rise to differential healthcare-seeking behaviour with respect to influenza 

vaccination status of persons and their health care seeking for symptoms.130 
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Sullivan and colleagues argued that the non-cases in cohort and the traditional case-

control studies often do not have their respiratory specimen tested for influenza and that without 

laboratory-confirmation of influenza status, some of these persons influenza status might in fact 

be misclassified.120 Therefore, by including only laboratory-tested persons for influenza, the 

TND study of SIV effectiveness potentially minimises misclassification of influenza status; that 

is, wrongly identifying a person who has influenza as a non-case and vice versa. Any residual 

misclassifications may then likely be due to laboratory sample contamination or documentation 

error. Nevertheless, laboratory testing of persons does not necessarily guarantee avoidance of 

misclassification of influenza status since not all infected persons shed enough viruses to enable 

laboratory detection.143 Moreover, considering that influenza viral shedding often precedes ARI 

or ILI symptom onset by about 24 hours and could last up to 5 days,21 it is reasonably possible 

that persons presenting with ARI or ILI 4 days or more following symptom onset may no longer 

be shedding virus and laboratory test may therefore present with a false negative result.120 It is 

mostly for this reason that some influenza surveillance studies may limit participation in TND 

studies of SIV effectiveness to only persons presenting within 4 days of ARI or ILI symptom 

onset although even so, there may still be issues with recall bias considering self-declaration of 

symptom onset. Moreover, there is also the issue of poor specimen collection technic and quality 

of the collected sample,144 which may mean that a respiratory specimen may not be of good 

enough quality for laboratory testing and as such, potentially compromising optimal laboratory 

testing. To address these issues, there is the suggestion to use respiratory specimen that tested 

positive for another respiratory virus in determining non-cases, as this may mean that the 

respiratory specimen is of sufficient quality to enable identification of a viral pathogen.145 
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Further, unlike the retrospective cohort study type and the traditional case-control studies 

in which influenza vaccination status may be determined after influenza status ascertainment and 

vaccination status may therefore be subject to differential recall between influenza cases and 

non-cases, the TND may avoid differential recall bias of influenza vaccination status because 

case status is unknown at study participants’ recruitment. Moreover, case status is also not a 

prerequisite to recruitment into the TND study of SIV effectiveness. However in a TND study of 

SIV effectiveness, it is possible that influenza case ascertainment could be made prior to or after 

the determination of influenza vaccination status. Therefore, to reduce the likelihood of 

differential recall of vaccination status by influenza status when vaccination status is self-

reported in such a scenario, blinding of study participants to their influenza status following 

laboratory testing may be necessary until after the determination of their influenza vaccination 

status. 

Generally, relative to the cohort and traditional case-control study types, the TND for 

SIV effectiveness estimation is less susceptible to confounding by healthcare-seeking behaviour 

and to influenza status misclassification bias, and is seen to be a convenient, practically easier 

and mostly a more cost-efficient study design.125 The usefulness of this study design has been 

demonstrated in the relatively quick and methodologically-consistent assessments of SIV 

effectiveness at different points during the influenza season across influenza surveillance 

networks.146-148 

 

Limitations of test-negative design study of seasonal influenza vaccine effectiveness 

Notwithstanding the advantages of the TND over the traditional case-control and cohort study 

designs for SIV effectiveness estimation, the TND has some limitations much in common with 

these study designs. The use of the TND without understanding the principles that underpin the 
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study design and knowledge of the principles of epidemiology could produce invalid vaccine 

effectiveness estimations and flawed results interpretations.107  

As previously mentioned, the method of enrolment of study participants may present 

biased sampling if systematic; for example, if at the discretion of the clinician and the clinician 

decides based on their knowledge of a person’s influenza vaccination status, perceived severity 

of symptoms or expectation of a likely positive test if persons are unvaccinated.149  While it may 

be difficult to ascertain the extent or direction of bias as a result of such enrolment method,107 in 

such a scenario of testing being at the discretion of the clinician, the proportion of the 

unvaccinated among cases would likely be increased, potentially resulting in vaccine 

effectiveness overestimation. Testing and giving all persons seeking medical care equal 

opportunity to participate (consecutive sampling) in a TND study of SIV effectiveness may 

likely mitigate the bias. 

Self-reported vaccination has been established to be prone to recall and social desirability 

biases.123,124 These biases are therefore inherent in TND studies that utilise self-report to 

determine vaccination status. If handled inappropriately; for example, if participants become 

aware of their influenza status prior to ascertainment of their vaccination status, it may result in 

differential recall by influenza status and, in such a scenario, may bias SIV effectiveness 

estimations. Further, considering its potentially limited accuracy, self-report may increase the 

potential for misclassification of covariates, which also could alter the estimates of vaccine 

effectiveness. Even when influenza vaccination status is determined from medical records or 

registries, data for some persons may be missing or incomplete, and even if complete, these data 

sources are still prone to documentation errors; thus, may lead to erroneous SIV effectiveness 

estimations. Further, considering that it takes approximately 14 days for the immune system to 
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adequately respond to SIV to be able to confer the expected protection,63 only persons vaccinated 

in a season at least 14 days prior to ARI or ILI symptom onset are considered to have been 

vaccinated in a TND study. Self-reporting of this information is also subject to recall and social 

desirability biases, which could increase the likelihood of misclassification of vaccination status, 

and a differential misclassification between the cases and the non-cases, may lead to 

underestimation or overestimation of vaccine effectiveness. In addition, symptom onset in a 

TND study of SIV effectiveness can only be self-reported and therefore is subject to these biases, 

further increasing the potential for biased estimation of the vaccine effectiveness although almost 

all forms of vaccine effectiveness estimation will have this problem. 

An often overlooked limitation of the TND study of SIV effectiveness is the potential for 

misclassification of influenza status if a gold standard diagnostic test is not utilised, as is 

common in a country like Japan, where RIDT mostly using ImunoAce Flu is frequently 

employed in clinical practice due to its efficiency and ease of use by clinicians.107 Due to lower 

sensitivity and specificity of this test type when compared with the gold standard tests, the RIDT 

tend to underestimate SIV effectiveness.128,129 It is therefore highly necessary that influenza 

status is established using a gold standard test. Use of a consistent test across clinics that are part 

of an influenza surveillance network may also be necessary considering that all data from a 

network may contribute to estimating a total vaccine effectiveness from within a surveillance 

network. Further, symptom onset in the TND study of SIV effectiveness is usually limited to not 

more than 7 days prior to presentation at a clinic to increase the likelihood of still ongoing viral 

shedding. It is reasonably possible that persons presenting 4 days or more following symptom 

onset may no longer be shedding sufficiently detectable virus and therefore, irrespective of the 
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laboratory test type, may present with a false negative result,120 thus, increasing the potential for 

unreliable estimation of SIV effectiveness. 

When applied retrospectively to influenza surveillance or administrative healthcare data, 

the advantage of the TND in optimizing similarity between cases and non-cases might be limited 

if study definition of ARI or ILI symptom set is misapplied, and even so, it is not always clear 

from administrative databases if persons actually met the participation criteria.113 To avoid this 

potential limitation, it has been argued that prospectively conducted TND may be the more 

robust application of the study design.113 

SIV effectiveness should be the same irrespective of whether one seeks care for an ARI 

or ILI or not,119 and in a TND study, it is assumed that the distribution of ARI or ILI that are 

unrelated to influenza does not vary by influenza vaccination status or healthcare-seeking 

behaviour.119 In investigating this assumption, Haber and colleagues demonstrated that if 

influenza vaccination does not affect the probability of developing an ARI unrelated to influenza, 

then, SIV effectiveness estimates from TND studies are unbiased even if the vaccinated and 

unvaccinated persons have different probabilities of seeking healthcare against ARI, as long as 

the ratio of the probabilities is the same for influenza and non-influenza associated illnesses.150 

Shi and colleagues showed how vaccine effectiveness estimates could be biased as a result of 

this assumption not holding.151 Nevertheless, establishing these principles may be difficult and 

therefore, SIV effectiveness estimates from TND may actually not be entirely accurate and 

perhaps also not always generalisable to the source population from which the study samples 

derive. 

Considering that SIV uptake,140 and influenza virus circulation are both seasonal,28,152-154 

estimates of SIV effectiveness from TND would likely be biased if persons with an ARI or ILI 
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are recruited outside of influenza circulation period. As Jackson and Nelson highlighted,119 such 

a practice has been likened to the immortal time bias in prospective cohort studies,155,156 since 

study participants are unlikely to be infected with influenza. As Jackson and Nelson also 

highlighted, the magnitude and direction of bias in SIV effectiveness estimation in such a 

scenario will likely depend on the rate of vaccine uptake in the study population.119 Since SIV 

uptake is seasonal, it correlates with calendar time. Likewise, incidence of influenza and ARI or 

ILI are seasonal and therefore correlate with calendar time. As such, TND studies of SIV 

effectiveness must adjust for calendar time, not only to minimise confounding due to calendar 

time, but also to aid investigation of the effect of time on persistence or waning of SIV-induced 

immunity especially among important subpopulations like the very young and older adults.113,130 

However, Chua and colleagues found that, of the 253 publications on TND studies of influenza 

vaccine effectiveness included in their systematic review, 71% controlled for calendar time while 

1% conducted time-stratified analyses, 13% matched cases and non-cases by calendar time, and 

11% restricted participants’ recruitment to influenza epidemic periods.113 

Just like with all observational study types, the TND study of SIV effectiveness is subject 

to residual confounding, including confounding due to unmeasured/unknown and therefore 

unadjusted factors.120 In addition, simulation studies have demonstrated that biases may arise in 

vaccine effectiveness estimations from TND if SIV uptake affects the likelihood of non-

influenza ARI or ILI,151 and healthcare-seeking between infected and uninfected persons.139 

 

Alternative methods for estimating influenza vaccine effectiveness 

In addition to the traditional case-control and cohort study types, and the TND which currently is 

the most widely utilised method for estimating SIV effectiveness, another available approach to 

SIV effectiveness estimation is the screening method.157,158 This method has previously been 



22 

 

used for evaluation of the effectiveness of various vaccines, including the pneumococcal,159 

pertussis,160 mumps,161 Haemophilus influenzae type b,162 and pandemic influenza vaccines,163 in 

addition to the SIV.164,165 In the screening method, instead of identifying one or more non-cases 

for every established case as would be the case in a case-control study for example, the entire 

population at risk or a random sample of the population judged to be a good representation of the 

population at risk becomes the reference (comparator) population. The screening method 

requires three parameters for vaccine effectiveness estimation; namely, the number of cases, 

vaccine uptake proportion among the cases, and vaccine uptake proportion in the reference 

population.159 Estimation of vaccine effectiveness is by comparing vaccine uptake among cases 

with vaccine uptake in the reference population, and vaccine effectiveness calculation is by 

subtracting vaccine uptake proportion among cases from vaccine uptake proportion in the 

reference population and then dividing this by vaccine uptake proportion in the reference 

population multiplied by one minus vaccine uptake proportion among cases, and the result 

multiplied by 100%.157,166  

The screening method is purported to be a potentially less resource-intensive method for 

estimating vaccine effectiveness and judged to be a more economical and rapid method.158,166 

Compared with other observational study methods, the screening method has an important 

advantage of being useful in providing an early indication of SIV effectiveness.167 It has also 

been suggested to be a first step “screening” to vaccine effectiveness evaluation to determine if 

further and more extensive evaluations are required, and to monitor changes in vaccine 

effectiveness over time, assuming that any biases remain constant.166 However, vaccine 

effectiveness estimated using this method could be inaccurate if the needed parameters for the 

estimation are drawn from different populations and, it has been argued that this method should 
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not be relied upon for precise vaccine effectiveness estimations since it serves more purpose as 

vaccine effectiveness “screening”.166 Compared with the TND, it has been suggested that vaccine 

effectiveness estimations using the screening method are more prone to selection bias and 

confounding, and that care must be taken to stratify the data by possible confounders and, if 

necessary, that restricted analysis may need to be conducted.158  

 

Problem statement 

The Global Influenza Surveillance and Response System (GISRS) unit of the WHO is 

responsible for providing recommendations on SIV influenza strain composition each influenza 

season based on several factors, including pathogenicity of circulating strains.168 This requires 

robust influenza surveillance and assessment of SIV effectiveness in regions of the world.169 The 

GISRS committee meets twice a year for the recommendations; in February for the Northern 

hemisphere and in September for the Southern hemisphere. Decisions on the appropriate vaccine 

strains must be made within a short period to allow sufficient time for vaccine development and 

production prior to the following season. As such, the WHO utilises early-season (interim) SIV 

effectiveness estimates while influenza viruses are still in circulation, rather than the end-season 

(final) estimates.170 

In recent years, several national and regional SIV effectiveness surveillance networks; for 

example, the I-MOVE: Influenza – Monitoring Vaccine Effectiveness in Europe,171 have sought 

to provide timely (interim and final) SIV effectiveness estimates often using similar TND 

methods. Estimates from these surveillance networks often suggest that SIV effectiveness may 

vary depending on geographical region, population characteristics, level of influenza vaccine 

antigenic similarity with circulating virus strains (VAS), and study methods. However, the 
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evidence has been largely conflicting, and little is known regarding concordance between interim 

and final SIV effectiveness estimates from these surveillance studies.172 

Compared with effect estimates from primary studies, effect estimates from systematic 

reviews with meta-analysis are more robust and are therefore relied upon for evidence-based 

decision-making.173 In view of the accumulating data from influenza surveillance networks and 

similar surveillance studies, pooled analysis of the evidence on SIV effectiveness and assessment 

of agreement between interim and final SIV effectiveness estimates from these networks/studies 

are needed. 

 

Thesis hypotheses 

While individual SIV effectiveness estimations via different methods are suggestive, it is 

hypothesised that as a generality, the following may be demonstrated using SIV effectiveness 

estimates from TND studies spanning multiple influenza seasons: 

1. Interim SIV effectiveness estimates as used by the WHO for decision-making regarding 

SIV development is an accurate proxy for the final estimates. 

2. Pooled SIV effectiveness estimates vary across geographical regions, age groups, and by 

level of VAS. 

3. Pooled SIV effectiveness estimates vary depending on the method of confirmation of 

vaccination status, timing of respiratory specimen swab collection relative to symptom 

onset, and set of covariates included in adjusted analysis for SIV effectiveness 

estimations. 
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Thesis objectives 

1. To assess for concordance between interim and final SIV effectiveness estimates. 

Research questions 

 Do paired interim and final SIV effectiveness estimates differ statistically? 

  

o Does this vary by influenza type/subtype (influenza A subtypes; 

A(H1N1)pdm09 and A(H3N2), and influenza B)? 

 

2. To assess for variability in pooled final SIV effectiveness estimates across geographical 

regions, age groups, and levels of VAS. 

Research questions 

 Does SIV effectiveness differ across geographical regions? 

 Does SIV effectiveness differ across age groups? 

 Does SIV effectiveness differ across levels of VAS? 

 

o Do these vary by influenza type/subtype? 

 

3. To assess for variability in pooled final SIV effectiveness estimates across methods of 

confirmation of vaccination status, timing of respiratory specimen swab collection 

relative to symptom onset, and by covariates adjustments in data analysis. 

Research questions 

 Does SIV effectiveness differ according to the method of confirmation of 

vaccination status? 

 Does SIV effectiveness differ according to the timing of respiratory specimen 
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swab collection relative to symptom onset? 

 Does SIV effectiveness differ according to covariate adjustments in data analysis? 

 

o Do these vary by influenza type/subtype? 
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Chapter 2. Methods 

 

This thesis comprises one mixed-methods study and two comprehensive systematic reviews and 

meta-analyses. Prior to conducting the studies, the PhD candidate registered a systematic review 

protocol based on which the studies were conducted in the International Prospective Register of 

Systematic Reviews (PROSPERO; registration number CRD42017064595). The systematic 

reviews were conducted following the Cochrane Handbook for Systematic Reviews of 

Interventions guidelines,174 and in adherence to the Methodological Expectations of the 

Cochrane Intervention Reviews (MECIR) guidelines.175 The findings were reported following 

the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines.176 

 

Literature search strategy 

A fully-trained systematic review methodologist (the PhD candidate) also trained in knowledge 

synthesis literature searching, designed a literature search strategy in MEDLINE (Ovid) 

(Appendix 1). The search strategy was reviewed by a knowledge synthesis librarian using the 

Peer Review of Electronic Search Strategies (PRESS) checklist.177 The PhD candidate adapted 

the revised MEDLINE search strategy for Embase (Ovid), PubMed, Scopus (Elsevier), and Web 

of Science bibliographic databases. The PhD candidate also searched Google Scholar, website of 

various influenza vaccine manufacturers (GlaxoSmithKline, Sanofi Pasteur, ID Biomedical 

Corporation of Quebec, Seqirus, Protein Sciences, MedImmune) and websites of the 

International Federation of Pharmaceutical Manufacturers Associations (IFPMA), the WHO, the 

Centers for Disease Control and Prevention (CDC), the Canadian Influenza Sentinel Practitioner 

Surveillance Network (SPSN), the I-MOVE, and www.flu-gov for literature. All retrieved 

http://www.flu-gov/
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literature citations following the searches were imported and de-duplicated in EndNote citation 

management software (version X6). 

 

Study eligibility criteria 

The de-duplicated literature citations were imported into Microsoft (MS) Access 2016 database 

(Microsoft Corporation, Redmond, WA, USA) designed by the PhD candidate specifically for 

citation sifting. Only full-text articles were included, irrespective of language of publication. The 

population/intervention/comparator/outcomes/study type (PICOS) framework (eligibility 

criteria) that informed the reviews were as follows: 

 

 Population: Outpatients attending primary care clinics or day clinics in hospitals (i.e., 

excluding patients seen in emergency departments and those admitted), six months old or 

older, irrespective of health status, who have been vaccinated at least 14 days before 

symptom onset, and whose respiratory specimens were collected within 7 days of ARI or 

ILI symptom onset. 

 Intervention: Seasonal influenza vaccination irrespective of vaccine type. 

 Comparator: No seasonal influenza vaccination. 

 Outcomes: Laboratory-confirmed influenza based on a reverse-transcription polymerase 

chain reaction (RT-PCR) assay or viral culture of a respiratory specimen. 

 Study type: TND study of SIV effectiveness after the 2009/10 influenza pandemic. 

 

Unpublished studies, studies other than the TND type, studies that evaluated just ARI or ILI 

without evaluating laboratory-confirmed influenza and studies that only evaluated vaccine 

effectiveness against pandemic and/or avian influenza types were excluded. Studies that 

evaluated vaccine effectiveness against hospitalisation, non-community-based studies such as 
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studies conducted in schools, personal care homes, military barracks, prisons etc., studies 

conducted only in special subpopulations such as persons suffering from a chronic disease(s), 

and studies that did not include a comparison with an unvaccinated group were also excluded. 

 

Citation screening and literature selection 

The PhD candidate screened the de-duplicated citations in the specially designed MS Access 

database for eligibility using a two-stage sifting approach to assess the title/abstract and full-text 

articles of relevant citations. As per good practice, another systematic reviewer independently 

screened the de-duplicated citations for eligibility in the same specially designed MS Access 

database using the same two-stage sifting approach to assess the title/abstract and full-text 

articles of relevant citations. The number of ineligible citations at the title/abstract screening 

stage and both the number and reasons for exclusion at the full-text article screening stage were 

documented. Any disagreements between the PhD candidate and the systematic reviewer were 

resolved through discussion or involvement of a third reviewer (the PhD candidate’s Advisor).  

 

Data extraction 

The PhD candidate developed a data extraction spreadsheet using MS Excel 2016 (Microsoft 

Corporation, Redmond, WA, USA) and piloted on a small selection of studies (n=10). The PhD 

candidate extracted data from the included studies in the MS Excel spreadsheet, and, as per good 

practice, another systematic reviewer checked the extracted data for errors. Disagreements 

between the PhD candidate and the systematic reviewer were resolved through discussion or 

involvement of a third reviewer (the PhD candidate’s Advisor). The following data were 

extracted: 
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 Basic study information such as the last name of the first author and an article publication 

year, country, region, number of participating clinical practices, funding information, 

year of study. 

 Details relevant to study population such as outpatient type (clinic or hospital), 

participants’ enrolment (whether consecutive or systematic), number of participants, 

average age or age range of participants, gender distribution, and health status. 

 Influenza surveillance information such as the influenza season, influenza confirmatory 

test type, number of days from symptom onset to swab collection for testing, the 

circulating virus strain(s), the dominant strain and vaccine match with circulating 

strain(s). Information regarding the dominant strain and vaccine match with circulating 

strains were extracted from national influenza surveillance sources if not reported in a 

publication. 

 Intervention and comparator information such as influenza vaccine type if reported.  

 Outcome details such as all influenza, influenza A subtypes: A(H1N1)pdm09 and 

A(H3N2), or influenza B. 

 Results for each specified outcome, including covariate adjustments, multivariable 

adjusted vaccine effectiveness estimates, with associated 95% confidence intervals (CI), 

and whether interim or final vaccine effectiveness estimates. 

 Details relevant to study quality assessments. 

 

In addition, pairing of interim SIV effectiveness study with the associated final SIV effectiveness 

study was conducted using Microsoft Excel 2016. The PhD candidate examined each interim 

study against the final studies and created matched pairs of interim/final studies based on the 

jurisdiction of study (study country and region), influenza season, reported vaccine effectiveness; 



31 

 

that is, against which influenza type/subtype, and study authors. The PhD candidate assessed 

whether there was inconsistency in statistical models; that is, if models did not adjust for exactly 

the same covariates between an interim vaccine effectiveness estimation and the matched final 

vaccine effectiveness estimation. The PhD candidate also ascertained the stage of seasonal 

influenza epidemic during which an interim vaccine effectiveness estimation was made based on 

the report in studies, and, where not reported, this was determined by examining the reported 

epidemic graph (curve) in the matched final vaccine effectiveness study. As per good practice, 

another systematic reviewer independently checked the matched pairs, assessed inconsistency in 

the statistical model and ascertained the epidemic stage of interim vaccine effectiveness 

assessment for errors. Disagreements between the PhD candidate and the systematic reviewer 

were resolved through discussion or involvement of a third reviewer (the PhD candidate’s 

Advisor).  

Further, the PhD candidate determined levels of VAS using reports from the WHO 

national influenza centres and region/country-specific centres for disease control. For example, 

for studies from the USA, summary reports from the CDC on each influenza season were 

utilised. For studies from the United Kingdom (UK), reports by Public Health England (PHE) on 

surveillance of influenza were utilised. For Canada, the National Advisory Committee on 

Immunization (NACI) statements on SIV for each influenza season were utilised. For Australia, 

the Australian Influenza Surveillance report for each influenza season was utilised. The WHO 

reports on influenza for the Northern and Southern hemispheres for each influenza season were 

also utilised where necessary, for collaboration of country-specific surveillance information. As 

per good practice, another systematic reviewer independently checked the determined level of 
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VAS for errors. Disagreements between the PhD candidate and the systematic reviewer were 

resolved through discussion or involvement of a third reviewer (the PhD candidate’s Advisor). 

 

Study quality assessment 

Detailed study quality assessment was not anticipated considering the unavailability of a quality 

assessment tool for TND studies. However, in view of the strict inclusion criteria limiting the 

included studies to those conducted in outpatient settings on patients with laboratory-confirmed 

influenza, vaccinated against influenza at least 14 days before symptom onset, and whose 

respiratory specimens were collected within 7 days of symptom onset, quality assessment was 

improvised by examining other relevant study characteristics that could introduce bias. These 

included the method of study participants’ enrolment, the method of vaccination confirmation, 

and inclusion of age and/or medical conditions, among other covariates in the logistic regression 

model for vaccine effectiveness estimation. The PhD candidate examined these other relevant 

study characteristics and, as per good practice, another systematic reviewer independently 

checked the assessments for errors. Disagreements between the PhD candidate and the 

systematic reviewer were resolved through discussion or involvement of a third reviewer (the 

PhD candidate’s Advisor). 

 

Data synthesis 

Data synthesis was conducted by the PhD candidate according to the framework recommended 

by the University of York Centre for Review and Dissemination.178 This framework includes the 

development of a theory of how an intervention works, why and for whom, the development of a 

preliminary synthesis of findings of included studies, the exploration of relationships within and 

between studies, and assessment of the robustness of the synthesis. Important characteristics and 
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outcome measures in included studies and the study quality assessments were synthesised 

narratively and in a tabular form. 

 

Knowledge dissemination 

Three abstracts from this thesis were presented at the International Society for 

Pharmacoepidemiology (ISPE) annual conference in Philadelphia, USA, in August 2019. Two 

abstracts from the thesis were presented (including an oral presentation) at the OPTIONS X for 

the control of influenza (the only global scientific meeting with a dedicated focus on influenza) 

in Singapore, in August/September 2019. Further, one abstract from the thesis was accepted for 

presentation and published as part of the 19th International Congress on Infectious Diseases 

(ICID) in Kuala Lumpur, Malaysia, in 2020 (the conference was however cancelled due to the 

COVID-19 pandemic). Manuscripts from the three studies presented in this thesis are published 

in high-impact journals. 
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Chapter 3. Interim seasonal influenza vaccine effectiveness estimates as proxy for final 

estimates: analysis of systematically identified matched pairs of interim/final estimates 

from test-negative design studies in outpatient settings from 2010/11 to 2018/19 

 

Preface 

The previous chapter (Chapter 2) details the common methods across the three studies included 

in this thesis, the first of which is the study reported in this present chapter. The WHO provides 

recommendations on SIV influenza strain composition each influenza season. The 

recommendations are made within a short period to allow sufficient time for the vaccine 

development and production before season commencement. As a result, interim (early-season) 

rather than final (end-season) SIV effectiveness estimates from surveillance studies are utilised 

for this purpose. Despite, the concordance between these estimates has been underexplored and 

there is a paucity of knowledge around the topic. This chapter presents a published study that 

explored this problem. 

 

Publication citation 

Okoli GN, Abdulwahid T, Racovitan F, Righolt CH, Mahmud SM. Interim seasonal influenza 

vaccine effectiveness estimates as proxy for final estimates: Analysis of systematically identified 

matched pairs of interim/final estimates from test-negative design studies in outpatient settings 

from 2010/11 to 2018/19. Expert Review of Vaccines. 2021 May; 20(5):585-599. 

 

[Note: The manuscript presented herein is the accepted author version prior to copy editing] 
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Abstract 

 

Objectives: Limited time for seasonal influenza vaccine development means that the World 

Health Organization must consider interim (early-season) rather than final (end-season) vaccine 

effectiveness (VE) estimates in deciding influenza vaccine composition for the next influenza 

season. We assessed agreement between interim and final adjusted VE estimates, and factors that 

may determine a substantial difference (≥10%) between point estimates. 

Methods: This was a mixed methods study. We systematically searched, identified and matched 

interim/final VE studies of test-negative design (TND) type in outpatient settings after the 

2009/10 influenza pandemic. The chi-square statistic (χ2) was used to assess the statistical 

significance of the difference between paired interim/final VE estimates. We calculated the 

difference between point estimates and used multivariable logistic regression to assess factors 

that may determine a substantial difference. 

Results: We identified 68 interim/final VE pairs. There was no statistically significant difference 

between almost all compared pairs. An inconsistent statistical model for interim/final VE 

estimation and interim VE estimation before the influenza epidemic peak increased the odds of 

having a substantial difference between estimates.  

Conclusions: Interim seasonal influenza VE appears to be sufficient for influenza vaccine 

composition decision-making. Consistency in interim/final VE estimation, and interim VE 

estimation during/after epidemic peak may increase agreement between the VE estimates. 

 



36 

 

Introduction 

Vaccination remains the most practical and effective public health strategy for mitigating the 

impact of seasonal influenza epidemics. However, influenza viruses continuously change 

(antigenic drift)1 and, as a result, influenza vaccine developed for a season may not be protective 

against influenza viruses in subsequent seasons. Influenza vaccine therefore has to be re-

formulated each season, with the potential for mismatch between the virus strains contained in 

re-formulated vaccine and those in circulation. Observational studies are used to monitor 

influenza vaccine effectiveness (VE) because ethical and practicality considerations preclude the 

use of randomised controlled trials for this purpose. In particular, studies employing test-negative 

design (TND) are now the mainstay for influenza VE assessment,2,3 and are published 

increasingly earlier during an influenza season (interim VE estimation). 

The Global Influenza Surveillance and Response System (GISRS) unit of the World 

Health Organization (WHO) is responsible for providing global recommendations on the 

influenza vaccine strain composition each season based on several factors, including circulating 

strains’ pathogenicity, speed and extent of spread, and current VE against the virus strains. This 

assessment requires robust global surveillance data collection from national influenza centres, 

laboratory testing of many influenza virus samples and assessment of influenza vaccine 

performance in many jurisdictions.4 There is a short period within which decisions have to be 

made to allow sufficient time for vaccine development and production for the following season. 

Vaccine composition for the coming season is usually decided in February for the Northern 

hemisphere and in September for the Southern hemisphere.5 The WHO decision-making relies 

on interim (early-season) VE estimates, while influenza viruses are still in circulation. 
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Agreement of interim VE estimates with final VE estimates would help optimise the 

accuracy and precision of the WHO influenza vaccine component recommendations and, 

conversely, the effectiveness of seasonal influenza vaccination programmes. Sullivan and 

colleagues reported a high agreement of interim and final VE estimates for influenza seasons 

2007 to 2012 in Australia.6 Belongia and colleagues also reported similar finding for 2007/08 

influenza season in Wisconsin, United States of America (USA),7 and, in Spain, Jimenez-Jorge 

and colleagues found that interim and final VE estimates from influenza seasons 2010 to 2014 

showed greater agreement for all populations and influenza subtypes.8 To our knowledge, there 

is currently one published global systematic review on this topic.9 The review found similarities 

between interim and final VE estimates. However, due to a paucity of data the influence of 

important factors, such as inconsistency in statistical model used in estimating interim and paired 

final VE could not be assessed. Since the publication of the review in 2016, a lot more data have 

been published, providing the opportunity to further explore this important topic as there remains 

a huge gap in knowledge. 

We systematically searched, identified, matched, summarised and analysed data on 

interim and final VE estimates from published TND studies in outpatient settings after the 

2009/10 influenza pandemic, adhering to the Cochrane Handbook for Systematic Reviews of 

Interventions guidelines,10 and we reported our findings following the Preferred Reporting Items 

for Systematic Reviews and Meta-analysis (PRISMA) guidelines.11 
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Methods 

The study methods are partly described in Chapter 2. In summary, this was a mixed methods 

study that comprised a systematic search and review of published literature to identify paired 

interim and final adjusted VE estimates studies from different jurisdictions, and an observational 

study of the systematically identified pairs of interim and final adjusted VE estimates. Literature 

was searched from January 2011, initially, in April 2017 and the search was subsequently 

updated in February 2020. 

 

Data analysis 

VE was represented as a percentage, calculated as one minus the adjusted ratio of the odds of 

vaccination among confirmed influenza cases, to the odds of vaccination among non-cases, 

multiplied by 100%. Paired interim and final VE estimates against all influenza, 

A(H1N1)pdm09, A(H3N2), and influenza B were depicted graphically using forest plots. The 

chi-square statistic (χ2) was used to assess the statistical significance (p-value) of the difference 

between paired interim and final VE estimates.12 We calculated the difference between paired 

interim and final VE point estimates, and with reference to previous literature,6,7 we considered 

≥10% difference to be substantial. However, as a sensitivity analysis, we examined ≥5% and 

≥20% difference, and underestimation/overestimation of the final estimate compared with the 

interim estimate. Furthermore, we considered difference between interim and final VE point 

estimates as a continuous outcome.  

We categorised inconsistency in the statistical model as 0 = “no inconsistency” and 1 = 

“inconsistency”. The stage of seasonal influenza epidemic during which interim VE estimation 

was made was categorised as 0 = “pre-peak” and 1 = “peak/post-peak”. We considered the stage 

of the seasonal influenza epidemic to be a proxy for the relative population size of the interim 
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estimates since it is expected that pre-peak periods will have fewer influenza and influenza-like 

cases compared with peak periods. To inform appropriate covariate selection and to avoid 

unnecessary covariate adjustments,13 we developed causal diagrams (directed acyclic graphs) in 

DAGitty, a web-based platform for creating and analysing causal diagrams 

(http://www.dagitty.net/). The code for the resulting diagram is presented as Appendix 2. Using 

multivariable logistic regression models, we calculated adjusted odds ratios (aOR) and 95% CIs 

of having a substantial difference between paired interim and final VE point estimates by 

assessing the impact of inconsistency in statistical model, epidemic stage during which interim 

VE estimation was made, and study region (geographical hemisphere). We also calculated aOR 

of having ≥5% and ≥20% difference between paired interim and final VE point estimates, and 

underestimation/overestimation of final VE point estimate with respect to the paired interim VE 

point estimate. Using a multivariable linear regression model, we calculated adjusted regression 

coefficients (aβ) and 95% CIs for the difference between paired interim and final VE point 

estimates. All statistical analyses were implemented in STATA (version 13; StataCorp LP, 

Texas, USA).  
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Results 

From a total of 11,931 retrieved unique citations, we matched 68 pairs of interim/final VE 

estimates from 53 articles that met our inclusion criteria (Figure 1).6,8.14-64 The main 

characteristics of the studies are detailed in Table 1 and summarised statistically in Table 2. 

 Figure 1: Modified PRISMA flowchart of the selection of the included articles (for study 1). 
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Table 1: Summary of the main characteristics of the included studies (for study 1). 

Study Country Region Season 
Report 

type 

Epidemic 

stage 

Study 

population 

size 

No. of 

variables 

in model  

Model 

included 

age, 

period, 

and risk 

status 

No. of 

weeks 

Model 

change 

All influenza 

Sullivan 20136 Australia Victoria 2010 
Final Post-peak 425 

2 
Age, 
Period 

27 
No 

Interim Peak 378 19 

Kissling 201114  
Europe 

8 countries 
2010/11 

Final Post-peak 3,254 
8 Yes NA No 

Kissling 201115 7 countries Interim Pre-peak 1,390 

Jimenez-Jorge 
201219 

Spain 8 regions 2010/11 

Final Post-peak 1,293 

4 
Age, 
Period 

15 

No 
Savulescu 
201117 

Interim Peak 1,061 
9 

Sullivan 20136 Australia Victoria 2011 
Final Post-peak 588 

2 
Age, 
Period 

27 
No 

Interim Peak 530 19 

Jimenez-Jorge 
201323 

Spain 7 regions 2011/12 

Final Post-peak 378 

3 
Age, 
Period 

19 

No 
Jimenez-Jorge 
201218 

Interim Peak 197 
8 

Jimenez-Jorge 
20158 

Spain 17 regions 2011/12 
Final 

Post-peak 
1,446 

3 Yes 
19 

No 
Interim NR 8 

Sullivan 20136 Australia Victoria 2012 
Final 

Post-peak 
678 

2 
Age, 
Period 

27 
No 

Interim 627 19 

Skowronski 

201432 
Canada 

5 
provinces 

2012/13 

Final Post-peak 1,501 

5 Yes 

27 

No 
Skowronski 
201326 

Interim Peak 739 
13 

McLean 201536 
USA 5 States 2012/13 

Final Post-peak 6,452 4 Yes 18 
Yes 

Jackson 201322 Interim Pre-peak 2,697 5 Age 7 

Martinez-Baz 

201535 
Spain 
 

Navarra 2012/13 

Final Post-peak 522 

5 Yes 
22 

Yes 

Castilla 201321 Interim Pre-peak 206 13 

Jimenez-Jorge 
20158 

Spain 17 regions 2012/13 
Final 

Post-peak 
1,432 

3 Yes 
19 

No 
Interim NR 9 

Jimenez-Jorge 

20158 
Spain 

17 regions 

2013/14 

Final Post-peak NR 3 

Yes 

19 

Yes 
Jimenez-Jorge 
201429 

6 regions Interim Peak 601 9 
7 

Skowronski 
201540 

Canada 
5 
provinces 

2013/14 

Final Post-peak 1,700 

5 Yes 

27 

No 
Skowronski 

201431 

Interim Pre-peak 792 
13 

Pebody 201537 
UK National 2014/15 

Final Post-peak 2,931 
5 

Age, 
Period 

26 
No 

Pebody 201538 Interim Peak 2,278 16 

Pierse 201646 

New 
Zealand 

Auckland 2014 

Final Post-peak 1,154 10 Age, 
High-
risk 

27 

Yes 

Turner 201433 Interim Peak 919 2 Age, 
Period 

18 

Skowronski 
201648 

Canada 

4 
provinces 

2014/15 

Final Post-peak 1,930 

6 Yes 

26 

No 
Skowronski 
201539 

 

 

5 
provinces 

Interim Pre-peak 861 

11 
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Study Country Region Season 
Report 

type 

Epidemic 

stage 

Study 

population 

size 

No. of 

variables 

in model  

Model 

included 

age, 

period, 

and risk 

status 

No. of 

weeks 

Model 

change 

Zimmerman 
201649 

USA 5 States 2014/15 

Final Post-peak 9,311 9 Yes 
22 

Yes 
Flannery 
201534 

Interim Peak 2,321 6 Age 
8 

Redlberger-
Fritz 201647 

Austria NR 2014/15 
Final Post-peak 815 3 Time 29 

Yes 
Interim Pre-peak 567 2 Age 21 

Pebody 201644 
UK National 2015/16 

Final Post-peak 3,824 
5 

Age, 
Period 

30 
No 

Pebody 201645 Interim Pre-peak 1,550 16 

Flannery 
201957 

USA 5 States 2016/17 

Final Post-peak 7,083 4 Yes 
20 

Yes 
Flannery 
201750 

Interim Peak 3,144 7 Age 
10 

Martinez-Baz 
201959 Spain Navarra 2017/18 

Final Post-peak 604 4 

Yes 
21 

Yes 

Castilla 201852 Interim Pre-peak 460 5 9 

Pebody 201960 
UK National 2017/18 

Final Post-peak 3,080 6 Yes 30 
Yes 

Rondy 201855 Interim Pre-peak 1,331 5 Age 15 

Rolfes 201961 

USA 5 States 2017/18 

Final Post-peak 8,436 4 Yes 21 

Yes Flannery 
201853 

Interim Peak 4,562 7 Age 
13 

Flannery 

202064 USA 5 states  2018/19 

Final Post-peak 4,018 

7 
Age, 
Period 

23 
Yes 

Doyle 201956 Interim Pre-peak 3,254 10 

A(H1N1)pdm09 

Kissling 201114 
Europe 

8 countries 
2010/11 

Final Post-peak 2,506 
8 Yes NA No 

Kissling 201115 7 countries Interim Pre-peak 1,158 

Jimenez-Jorge 
201219 

Spain 8 regions 2010/11 

Final Post-peak 1,165 

3 
Age, 

Period 

15 

No 
Savulescu 
201117 

Interim Peak 983 
9 

Pebody 201325 
UK 

National 
2010/11 

Final Post-peak 7,758 
4 

Age, 
Period 

28 
No 

Pebody 201116 3 regions Interim Pre-peak 3,480 19 

Andrews 

201428 
UK National 2012/13 

Final Post-peak 3,286 
4 

Age, 

Period 

29 
No 

Interim Pre-peak 2,435 17 

Kissling 201430 

Europe 

7 countries 

2012/13 

Final Post-peak 3,196 

4 Yes NA Yes Valenciano 
201327 

5 countries Interim Pre-peak 602 

Jimenez-Jorge 
20158 

Spain 

17 regions 

2013/14 

Final Post-peak 747 3 

Yes 

19 

Yes 
Jimenez-Jorge 
201429 

6 regions Interim Peak 413 9 
7 

Skowronski 
201540 

Canada 
5 
provinces 

2013/14 

Final Post-peak 1,452 

5 Yes 
27 

No 
Skowronski 
201431 

Interim Pre-peak 639 
13 

Pierse 201646 

New 
Zealand 

Auckland 2014 

Final Post-peak 477 10 Age, 
High-
risk 

27 

Yes 

Turner 201433 Interim Peak 384 2 Age, 
Period 

18 

Redlberger-

Fritz 201647 

 
Austria NR 2014/15 

Final Post-peak 431 3 Time 29 

Yes Interim Pre-peak 301 2 Age 
21 



43 

 

Study Country Region Season 
Report 

type 

Epidemic 

stage 

Study 

population 

size 

No. of 

variables 

in model  

Model 

included 

age, 

period, 

and risk 

status 

No. of 

weeks 

Model 

change 

Pebody 201644 
UK National 2015/16 

Final Post-peak 3,841 
5 

Age, 
Period 

30 
No 

Pebody 201645 Interim Pre-peak 1,548 16 

Kissling 201854 

Europe 

12 
countries 

2015/16 

Final Post-peak 6,823 5 Yes 

NA Yes 
Kissling 201643 10 

countries 
Interim Pre-peak 1,933 Unclear  Unclear 

Skowronski 
201751 

Canada 
4 
provinces 

2015/16 

Final Post-peak 1,522 6 

Yes 17 Yes 
Chambers 
201641 

Interim Pre-peak 931 5 

Rolfes 201961 

USA 5 States 2017/18 

Final Post-peak 8,436 4 Yes 21 

Yes 
Flannery 
201853 

Interim Peak 3,058 7 Age, 
High-
risk 

13 

Kissling 201958 Europe 
11 
countries 

2017/18 
Final Post-peak 7,175 

4 
Age, 
Period 

NA No 
Interim Pre-peak 2,009 

Skowronski 
201963 

Canada 4 regions 2018/19 

Final Post-peak 3,034 

4 
Age, 
Period 

26 

No 
Skowronski 
201962 

Interim Pre-peak 1,442 
10 

Flannery 
202064 USA 5 states  2018/19 

Final Post-peak 8,574 

7 
Age, 
Period 

23 
No 

Doyle 201956 Interim Pre-peak 3,082 10 

A(H3N2) 

Kissling 201324 
Europe 8 countries 2011/12 

Final Post-peak 1,033 7 
Yes NA Yes 

Kissling 201220 Interim Pre-peak 521 6 

Jimenez-Jorge 
201323 

Spain 7 regions 2011/12 
Final Post-peak 342 

3 Age 
19 

No 
Interim Peak 190 8 

Jimenez-Jorge 
20158 

Spain 17 regions 2011/12 
Final 

Post-peak 
1,348 

3 Age 
19 

No 
Interim NR 8 

Skowronski 
201432 

Canada 
5 
provinces 

2012/13 

Final Post-peak 1,244 

5 Yes 

27 

No 
Skowronski 

201326 

Interim Peak 671 
13 

Kissling 201430 

Europe 

7 countries 

2012/13 

Final Post-peak 3,012 

4 Yes NA No Valenciano 
201327 

5 countries Interim Pre-peak 688 

Andrews 
201428 

UK National 2012/13 
Final Post-peak 2,310 

4 
Age, 
Period 

29 
No 

Interim Pre-peak 1,534 17 

McLean 201536 
USA 5 States 2012/13 

Final Post-peak 5,437 4 Yes 18 
Yes 

Jackson 201322 Interim Pre-peak 2,128 5 Age 7 

Jimenez-Jorge 
20158 

Spain 

17 regions 

2013/14 

Final Post-peak 762 3 

Yes 

19 

Yes 
Jimenez-Jorge 

201429 

6 regions Interim Peak 417 9 
7 

Pebody 201537 
UK 

All 
regions 

2014/15 
Final Post-peak 2,658 

5 
Age, 
Period 

26 
No 

Pebody 201538 Interim Peak 1,273 16 

Skowronski 
201648 

Canada 

4 
provinces 

2014/15 

Final Post-peak 1,685 

6 Yes 

26 

No Skowronski 

201539 

 

5 

provinces 

Interim Pre-peak 830 

11 
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Study Country Region Season 
Report 

type 

Epidemic 

stage 

Study 

population 

size 

No. of 

variables 

in model  

Model 

included 

age, 

period, 

and risk 

status 

No. of 

weeks 

Model 

change 

Redlberger-
Fritz 201647 
 
 

Austria NR 2014/15 

Final Post-peak 629 3 Age, 
Period 

29 

Yes 
Interim Pre-peak 462 2 Age   

21 

Gherasim 
2016a42 

Spain SISS 2014/15 

Final Post-peak 2,838 5 Yes 19 

Yes 
Interim Pre-peak 1,532 4 Age, 

High-
risk 

10 

Gherasim 
2016b42 

Spain cycEVA 2014/15 

Final Post-peak 878 5 Yes 19 

Yes 
Interim Pre-peak 429 4 Age, 

High-

risk 

10 

Zimmerman 
201649 

USA 5 States 2014/15 

Final Post-peak 8,895 9 Yes 
22 

Yes 
Flannery 
201534 

Interim Peak 2,212 6 Age 
8 

Flannery 

201957 
USA 5 States 2016/17 

Final Post-peak 6,382 4 Yes 
20 

Yes 
Flannery 
201750 

Interim Peak 3,144 7 Age 
10 

Kissling 201958 Europe 
11 
countries 

2016/17 
Final Post-peak 10591 

4 
Age, 
Period 

NA No 
Interim Pre-peak 3,541 

Rolfes 201961 

USA 5 States 2017/18 

Final Post-peak 7,147 4 Yes 21 

Yes Flannery 
201853 

Interim Peak 3,993 7 Age 
13 

Kissling 201958 Europe 
11 
countries 

2017/18 
Final Post-peak 5,607 

4 
Age, 
Period 

NA No 
Interim Pre-peak 1,413 

Pebody 201960 UK National 2017/18 
Final Post-peak 3,080 

6 Yes 
30 

No 
Interim Pre-peak 1071 15 

Flannery 
202064 USA 5 states  2018/19 

Final Post-peak 8,599 

7 Age 
23 

Yes 

Doyle 201956 Interim Pre-peak 2,890 10 

Influenza B 

Kissling 201430 

Europe 

7 countries 

2012/13 

Final Post-peak 6,425 

4 Yes NA Yes Valenciano 
201327 

5 countries Interim Pre-peak 681 

Andrews 
201428 

UK National 2012/13 
Final Post-peak 3,286 

4 
Age, 
Period 

29 
No 

Interim Pre-peak 2,435 17 

Jimenez-Jorge 
20158 

Spain 17 regions 2012/13 
Final 

Post-peak 
947 

3 Yes 
19 

No 
Interim NR 9 

Redlberger-
Fritz 201647 

Austria NR 2014/15 

Final Post-peak 439 3 Age, 
Period 

29 
Yes 

Interim Pre-peak 262 2 Age 21 

Gherasim 

201642 
Spain 17 regions 2014/15 

Final Post-peak 798 5 Yes 19 

Yes 
Interim Pre-peak 322 4 Age, 

High-
risk 

10 

Flannery 
201957 

USA 5 States 2016/17 

Final Post-peak 5,688 4 Yes 
20 

Yes 
Flannery 
201750 

Interim Peak 3,144 7 Age 
10 

Rolfes 201961 USA 5 States 2017/18 Final Post-peak 8,436 4 Yes 21 Yes 
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Flannery 
201853 

Interim Peak 3,173 7 Age 
13 

Pebody 201960 UK 5 regions 2017/18 
Final Post-peak 2,534 

6 Yes 
30 

No 
Interim Pre-peak 1,122 15 

 

USA = United States of America; UK = United Kingdom; NR = not reported; NA = not applicable; No = no model 

change; Yes = model change; SISS = Spanish Influenza Surveillance System; cycEVA = case-control study for 

measuring influenza vaccine effectiveness in Spain 
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Table 2: Number (%) of paired interim/final VE estimates across levels of assessed variables and 

≥10% difference between interim and final VE point estimates. 

 
≥10% difference 

Yes No 

 (N=35) (N=33) 

Inconsistency in statistical model 

Consistent model 11 (31.4%) 24 (72.7%) 

Inconsistent model 24 (68.6%) 9 (27.3%) 

Epidemic stage during interim VE estimation 

Pre-peak 25 (71.4%) 14 (42.4%) 

Peak/Post-peak 10 (28.6%) 19 (57.6%) 

Proportion of interim VE patient population 

Within one-third 5 (14.3%) 3 (9.1%) 

Between one-third and two-thirds 20 (57.1%) 20 (60.6%) 

More than two-thirds 9 (25.7%) 6 (18.2%) 

Unknown 1 (2.9%) 4 (12.1%) 

Geographical region 

Northern 33 (94.3%) 30 (90.9%) 

Southern 2 (5.7%) 3 (9.1%) 

Country 

Australia 0 (0.0%) 3 (9.1%) 

Austria 4 (11.4%) 0 (0.0%) 

Canada 2 (5.7%) 6 (18.2%) 

Europe (I-MOVE) 8 (22.9%) 2 (6.1%) 

New Zealand 2 (5.7%) 0 (0.0%) 

Spain 8 (22.9%) 8 (24.2%) 

UK 6 (17.1%) 5 (15.2%) 

USA 5 (14.3%) 9 (27.3%) 

Influenza type/subtypes 

All influenza 12 (34.3%) 12 (36.4%) 

A(H1N1)pdm09 7 (20.0%) 9 (27.3%) 

A(H3N2) 12 (34.3%) 8 (24.2%) 

Influenza B 4 (11.4%) 4 (12.1%) 

Influenza season 

2010/11 3 (8.6%) 3 (9.1%) 

2011/12 1 (2.9%) 5 (15.2%) 

2012/13 4 (11.4%) 10 (30.3%) 

2013/14 2 (5.7%) 3 (9.1%) 

2014/15 13 (37.1%) 2 (6.1%) 

2015/16 3 (8.6%) 1 (3.0%) 

2016/17 3 (8.6%) 1 (3.0%) 

2017/18 4 (11.4%) 6 (18.2%) 

2018/19 2 (5.7%) 2 (6.1%) 
 
VE = vaccine effectiveness; UK = United Kingdom; USA = United States of America; i-MOVE 

= Influenza-Monitoring Vaccine Effectiveness in Europe 
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Of the matched 68 pairs of estimates, 24 pairs were for all influenza, 16 pairs for 

A(H1N1)pdm09, 20 pairs for A(H3N2), and eight pairs for influenza B. Overall, Australia 

contributed three pairs of VE estimates; Austria four pairs; Canada eight pairs; the European 

Influenza - Monitoring Vaccine Effectiveness (I-MOVE) network ten pairs; New Zealand two 

pairs; Spain 16 pairs; United Kingdom (UK) eleven pairs and the USA 14 pairs. Where reported, 

difference between paired interim and final VE study durations ranged from zero to 16 weeks. 

Overall, inconsistency in statistical model was identified in about 49% (33/68) of the paired VE 

estimates. Among these, a substantial difference between point estimates was observed in about 

73% (24/33) of the pairs whereas this was observed in only about 31% (11/35) of the pairs with 

consistent statistical model. Across pairs of final and interim VE estimates, a higher proportion 

of the final point estimates was lower than the interim point estimates: all influenza (62.5%), 

A(H1N1)pdm09 (75%), A(H3N2) (75%), and influenza B (50%). However, lower final point VE 

estimates were observed in higher proportions of compared VE pairs with inconsistency in 

statistical model, except for A(H1N1)pdm09 which had similar proportions between VE pairs 

with and without inconsistency in statistical model. Further summary statistics are detailed as 

Appendix 3, Appendix 4 and Appendix 5, respectively, for ≥5% and ≥20% difference between 

interim and final VE point estimates and for underestimation versus overestimation. 

 

Comparison between interim and final VE estimates. 

The difference between interim and final VE point estimates ranged from -25% to 31% for all 

influenza (Figure 2),  -28% to 16% for A(H1N1)pdm09 (Figure 3), -35% to 55% for A(H3N2) 

(Figure 4), and -36% to 21% for influenza B (Figure 5), with only one statistically significant 

difference: -18% (p<0.01) for all influenza in 2018/19 influenza season in the USA; -28% 
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(p<0.01) for A(H1N1)pdm09 in 2017/18 from the I-MOVE; -35% (p<0.01) for A(H3N2) in 

2018/19 in the USA, and -20% (p=0.02) for influenza B in 2016/17 in the USA. 
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Figure 2: Forest plot of paired interim and final VE estimates against all influenza (24 pairs). 

 

ΔVE = change in interim and final vaccine effectiveness point estimates; aVE = adjusted vaccine 

effectiveness; + = study covered 7 regions; ++ = study covered 17 regions; +++ = study covered 

1 region; +* = study covered 6 regions; Bold P value = statistically significant; CI = confidence 

interval; UK = United Kingdom; USA = United States of America 
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Figure 3: Forest plot of paired interim and final VE estimates against A(H1N1)pdm09 (16 

pairs). 

 

ΔVE = change in interim and final vaccine effectiveness point estimates; aVE = adjusted vaccine 

effectiveness; Bold P value = statistically significant; CI = confidence interval; UK = United 

Kingdom; USA = United States of America 

 

 

 



51 

 

Figure 4: Forest plot of paired interim and final VE estimates against A(H3N2) (20 pairs). 

 

ΔVE = change in interim and final vaccine effectiveness point estimates; aVE = adjusted vaccine 

effectiveness; + = study covered 7 regions; ++ = study covered 17 regions; Bold P value = 

statistically significant; CI = confidence interval; UK = United Kingdom; USA = United States 

of America 
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Figure 5: Forest plot of paired interim and final VE estimates against influenza B (8 pairs). 

 

ΔVE = change in interim and final vaccine effectiveness point estimates; aVE = adjusted vaccine 

effectiveness; Bold P value = statistically significant; CI = confidence interval; UK = United 

Kingdom; USA = United States of America 
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Logistic regression of ≥10% difference (substantial difference) between paired interim and 

final VE point estimates. 

In the unadjusted analysis, inconsistency in statistical model was associated with a substantial 

difference, but epidemic stage of interim VE estimation and geographical region both showed no 

association (Table 3). In the adjusted analysis, inconsistency in statistical model and epidemic 

stage of interim VE estimation were associated with a substantial difference. Inconsistency in 

statistical model increased the odds of having a substantial difference [aOR 5.8 (2.0 – 16.5); 

p=0.001] whereas interim VE estimation at peak/post-peak of epidemic decreased the odds [0.2 

(0.04 – 0.7); p=0.017] (Table 3). When stratified by epidemic stage of interim VE estimation, 

the influence of inconsistency in statistical model was stronger, with an associated higher 

increased odds of having a substantial difference when interim VE estimation was conducted 

pre-peak of epidemic [12.7 (2.3 – 71.0); p=0.004], albeit with a wide confidence interval. No 

association was found for inconsistency in statistical model when interim VE estimation was 

conducted at peak/post-peak of epidemic (Table 3). Epidemic stage of interim VE estimation 

was not associated with a substantial difference with consistency in statistical model. There was 

a paucity of data to assess the association with inconsistency in statistical model or to perform 

subgroup analysis by influenza subtype/type and season. 
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Table 3: Logistic regression model of ≥10% difference between paired interim and final VE 

point estimates (N = 68). 

Variables 

Overall (n = 68) 

Pre-peak of 

epidemic 

(n=39) 

Peak/post-

peak of 

epidemic 

(n=29) 

Consistent 

model 

(n=35) 

Inconsistent 

model  

(n=33) 

OR (95% 

CI) 
aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI) 

Inconsistency 

in statistical 

model  

(Yes or No)a 

5.8  

(2.0 – 16.6) 

5.8  

(2.0 – 16.5) 

12.7  

(2.3 – 71.0) 

4.2  

(0.8 – 22.0) 
– – 

Epidemic 

stage of 

interim VE 

estimation 

(Pre- or 

peak/post-

peak)b 

0.3  

(0.1 – 0.8) 

0.2  

(0.04 – 0.7) 
– – 0.5  (0.1 – 4.7) NA 

Region  

(Hemisphere)c 

0.6  

(0.1 – 3.9) 

0.6   

(0.1 – 3.9) 
1.0 

1.3  

(0.2 – 9.7) 
1.0 1.0 

 

VE = vaccine effectiveness; OR = crude odds ratio; aOR = adjusted odds ratio; CI = confidence 

interval; a = adjusted for region; b = adjusted for season; c = no adjustment needed; NA = not 

applicable; Bold results = statistically significant. 

 

 

Linear regression of difference between interim and final VE point estimates. 

In the unadjusted analysis, inconsistency in statistical model predicted the difference, but 

epidemic stage of interim VE estimation and geographical region did not (Table 4). In the 

adjusted analysis, inconsistency in statistical model predicted the difference [aβ -11.8 (-19.1 to -

4.5); p=0.002; F (2, 65) = 5.25: inconsistency in statistical model accounting for 11.2% of the 

explained variability in the difference], but epidemic stage of interim VE estimation and 

geographical region did not (Table 4). Inconsistency in statistical model also predicted the 
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difference in both strata of epidemic stage of interim VE estimation: pre-peak [-13.7 (-25.0 to -

2.4); p=0.019; F (1, 37) = 6.0: inconsistency in statistical model accounting for 11.6% of the 

explained variability in the difference] and peak/post-peak [-9.4 (-18.2 to -0.6); P=0.036; F (2, 

26) = 2.66: inconsistency in statistical model accounting for 10.6% of the explained variability in 

difference]. 

 

 
Table 4: Linear regression model of difference between paired interim and final VE point 

estimates. 

Variables 
Overall (n = 68) Pre-peak  

(n=39) 

Peak/post-

peak (n=29) 

Consistent 

model (n=35) 

Inconsistent 

model 

 (n=33) 

β (95% CI) aβ (95% CI) aβ (95% CI) aβ (95% CI) aβ (95% CI) aβ (95% CI) 

Inconsistency in 

statistical model 

(Yes or No)a 

-11.7  

(-19.0 – -4.5) 

-11.8  

(-19.1 – -4.5) 

-13.7  

(-25.0 – -2.4) 

-9.4  

(-18.2 – -0.6) 
–  – 

Epidemic stage 

of interim VE 

estimation 

(Pre- or 

peak/post-

peak)b 

1.9  

(-5.9 – 9.8) 

1.8  

(-7.1 – 10.6) 
– – 

2.3  

(-12.1 – 16.6) 

-0.6  

(-17.2 – 16.0) 

Region  

(Hemisphere)c 

-2.2  

(-17.2 – 12.8) 

-2.2  

(-17.2 – 12.8) 
0.0 

-3.8  

(-16.2 – 8.5) 

-3.7  

(-22.1 – 14.6) 

-2.7  

(-25.7 – 20.4) 

 

VE = vaccine effectiveness; β = crude regression coefficient; aβ = adjusted regression 

coefficient; CI = confidence interval; a = adjusted for region; b = adjustment for season; c = no 

adjustment needed; Bold results = statistically significant. 
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Logistic regression of ≥5% and ≥20% difference between paired interim and final VE point 

estimates, and underestimation/overestimation of final compared with interim VE point 

estimates. 

In the unadjusted as well as the adjusted analyses, inconsistency in statistical model, epidemic 

stage of interim VE estimation and geographical region were not statistically significantly 

associated with a ≥5% difference (Appendix 6), or with underestimation/overestimation of final 

VE point estimates (Appendix 7). Inconsistency in statistical model was, however, found to be 

associated with a ≥20% difference in the unadjusted as well as the adjusted analyses (Appendix 

6), with an increased odds of having a ≥20% difference when statistical model is inconsistent 

[aOR 4.4 (1.2 – 15.8); p=0.02]. When stratified by epidemic stage of interim VE estimation, the 

influence of inconsistency in statistical model was stronger for when interim VE estimation was 

conducted pre-peak of epidemic [10.0 (1.8 – 55.6); p=0.009], albeit with a wide confidence 

interval. 
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Discussion 

In this systematic review involving 68 pairs of interim/final seasonal influenza VE estimates 

from TND studies conducted after the 2009/10 influenza pandemic, we assessed the agreement 

of paired interim and final seasonal influenza VE estimates, and the influence of certain 

important factors on a substantial difference (≥10%) between the paired VE point estimates. We 

found no significant difference between almost all compared pairs of interim and final VE 

estimates. We found that inconsistency in statistical model used for interim and final VE 

estimations, and influenza epidemic stage during which interim VE estimation was calculated, 

may both be associated with a substantial difference between interim and final VE point 

estimates. We also found that inconsistency in statistical models may predict the difference 

between interim and final VE point estimates. Final VE estimates were observed to be generally 

lower than interim VE estimates. However, a higher proportion of the lower final VE estimates 

were observed among VE pairs with inconsistent statistical models. Compared with 

A(H1N1)pdm09, a higher proportion of the lower final VE estimates was also observed among 

VE pairs against A(H3N2) whereas the lowest proportion was observed for influenza B. VE may 

also be waning as influenza season progresses. This, perhaps, may be a residual reason for the 

observed differences in VE. However, our review was not set up to examine this and studies did 

not report on time since vaccination to enable such assessment. 

VE estimate pairs assessed in this review were from North America, Europe and Oceania. 

There were none from Asia and Africa. As such, our findings may not be generalisable. There is 

also the need for a cautious interpretation of our multivariable regression analyses considering 

that the number of contributing VE comparisons may not be large enough to enable robust 

detection of the associations that we examined, and that the effect of some important factors may 
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not have been accounted for in our model due to a lack of data. The main difference between 

some of the paired VE estimates was in the specification of statistical model for VE estimation. 

Study periods also differed across jurisdictions in terms of influenza season commencement and 

end dates, and the number of weeks covered in the interim and final VE estimations. Severity of 

epidemics was also variable. In addition, there were underlying differences in the health systems 

especially with regard to seasonal influenza vaccination policy, vaccine access and surveillance 

systems. Conversely, there were variations in the proportions of vaccinated study participants, 

confirmed influenza cases, and the overall study population sizes. Nevertheless, in all studies, 

irrespective of study jurisdiction, study participants were vaccinated at least 14 days before 

symptom onset, respiratory specimen swab collected within seven days of symptom onset, and 

influenza confirmed using either RT-PCR or viral culture, but more predominantly, RT-PCR. 

Just as we found in this review, Jimenez-Jorge and colleagues also concluded that interim 

estimates from TND studies were good proxy for the final VE estimates in 2010 to 2014 

influenza seasons in Spain, and that interim and final estimates showed greater agreement within 

all population and for all influenza subtypes.8 They also observed that interim estimates were 

higher compared to final estimates. A study conducted in Australia by Sullivan and colleagues 

using data from TND studies in influenza seasons 2007 to 2012 reported that late season interim 

estimates reliably predicted final estimates in Victoria, Australia and, just as we found, also 

reported that interim VE estimates after epidemic peak may be more reliable.6 Our findings are 

also similar to those of the only available global systematic review on the topic (Leung et al.).9 

The review concluded that interim and final VE estimates were similar enough to support the 

WHO’s use of interim estimates as proxy for final estimates in vaccine composition decision-

making. Using a stepwise linear regression model and a ≥10% difference between interim and 
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final VE point estimates as substantial difference just as we did, the review found that, among 

other factors, sample size and stage of seasonal influenza epidemic during which interim 

estimate was made may influence having a substantial difference. However, there was not 

enough sample size to be able to assess the impact of some of these factors in a multivariable 

adjusted regression model and the influence of inconsistency in statistical model could also not 

be examined. Our review, however, involves more than twice the evidence in Leung et al.: 68 

VE pairs vs. 33 pairs, representing 24 pairs vs. 12 pairs for all influenza, 16 pairs vs. 10 pairs for 

A(H1N1)pdm09, 20 pairs vs. 7 pairs for A(H3N2), and 8 pairs vs. 4 pairs for influenza B. Leung 

et al. also included data for a few hospitalised patients whereas we limited to outpatients. In 

addition, a few VE estimates prior to the 2010/11 influenza season were included in the review 

whereas we limited to VE estimates after the 2009/10 influenza pandemic so as to focus on the 

seasons when A(H1N1)pdm09 was in circulation. 

Our review provides more knowledge that could help optimise the effectiveness of global 

influenza vaccination programmes, and adds to the evidence base on the need for standardizing 

influenza VE evaluations across jurisdictions. In view of the difficulties in using final VE 

estimates for policy decisions due to time constraints, our findings support the WHO GISRS’s 

use of interim VE estimates as a proxy for final estimates in vaccine composition decision-

making. Our findings also reveal the need for consistency in the methods used for VE 

evaluations within and across jurisdictions, and suggest that application of a uniform statistical 

modelling approach to global seasonal influenza VE estimations may indeed lead to more 

reliable VE estimates, for better informed global decision-making. That said, it is worth 

recognizing that surveillance data collection capabilities vary across jurisdictions. However, at 

minimum, there is the need to establish, a priori, a minimum set of variables to be included in 
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statistical models for VE estimations. Furthermore, our review reveals a lack of publications of 

influenza VE estimates from some regions of the world. In particular, while there are published 

interim or final VE estimates from many regions, these estimates do not have matching interim 

or final estimates for comparison. This reduced the paired VE estimates that could have been 

included in this review for more precise results. For those final VE studies without a matched 

interim VE study, it may be possible to conduct interim VE estimation retrospectively, by 

limiting the data to a certain earlier date in the season. This could help increase the number of 

matched interim/final VE pairs for comparison. 

Due to a paucity of data, we could not explore any interactions between important factors 

and we could also not conduct subgroup analysis by influenza subtype/type and season as 

planned a priori, despite the likelihood that there may be variability in the effect of some of the 

factors across levels of other factors. However, the evidence from our models suggests it is 

unlikely that influenza subtypes/type and season may be associated with having a substantial 

difference between interim and final VE point estimates. We could also not compare early and 

mid-season interim estimates separately against final estimates. Such a comparison would have 

been helpful as a proxy for assessing the potential impact of study population size. Limiting our 

review to influenza seasons after the 2009/10 influenza pandemic may have limited the number 

of relevant studies for inclusion, but it enabled concentration on studies conducted from when 

influenza vaccination became increasingly publicly funded in many jurisdictions. 

These limitations notwithstanding, our review has many merits, including utilization of a 

comprehensive search strategy, and having been conducted/reported in full compliance with 

known guidelines. 
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Conclusions 

Substantial agreement appears to exist between interim and final seasonal influenza VE 

estimates. This suggests adequacy of interim estimates for use in seasonal vaccine composition 

and public health policy decision-making while influenza viruses are still in circulation. 

However, there is a need for consistency in statistical modelling of interim and final VE 

estimations as this could increase agreement between interim and final VE estimates. Interim VE 

estimation during/after epidemic peak may also increase agreement between interim and final 

VE estimates. 
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Chapter 4. Variable seasonal influenza vaccine effectiveness across geographical regions, 

age groups and levels of vaccine antigenic similarity with circulating virus strains: A 

systematic review and meta-analysis of the evidence from test-negative design studies after 

the 2009/10 influenza pandemic 

 

Preface 

The previous chapter (Chapter 3) explored concordance between interim and final SIV 

effectiveness estimates considering that interim rather than final estimates inform decision-

making regarding SIV composition each influenza season. Following development, production 

and deployment of SIV, the effectiveness of the vaccine is evaluated via various influenza 

surveillance networks. SIV effectiveness estimates from these surveillance networks often 

suggest that the vaccine effectiveness may vary depending on geographical region, study 

population characteristics such as age, and the level of VAS. However, the evidence has largely 

conflicted. This chapter presents a published study that explored this problem. 
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Abstract 

 

Background: We examined the influence of some factors on seasonal influenza vaccine 

effectiveness (VE) from test-negative design (TND) studies. 

 

Methods: We systematically searched for full-text publications of VE against laboratory-

confirmed influenza from TND studies in outpatient settings after the 2009/10 influenza 

pandemic. Two reviewers independently selected studies for inclusion, and conducted data 

extracted from the included studies. We calculated pooled adjusted VE across geographical 

regions, age groups and levels of vaccine antigenic similarity with circulating virus strains, using 

an inverse variance, random-effects model. 

 

Results: We included 76 full-text articles from 11,931 citations. VE estimates against 

A(H1N1)pdm09, A(H3N2), influenza B, and all influenza were homogenous and point pooled 

VE higher in the Southern hemisphere compared with the Northern hemisphere. The difference 

in pooled VE between the Southern and Northern hemispheres was statistically significant for 

A(H3N2), influenza B, and all influenza. A consistent pattern was observed in pooled VE across 

both hemispheres and continents, with the highest point pooled VE being against 

A(H1N1)pdm09, followed by influenza B, and lowest against A(H3N2). A nearly consistent 

pattern was observed in pooled VE across age groups in the Northern hemisphere, with pooled 

VE mostly decreasing with age. Point pooled VE against A(H3N2), influenza B, and all 

influenza were statistically significantly higher when vaccine was antigenically similar to 

circulating virus strains compared with when antigenically dissimilar. Similar pattern was 

observed in the Northern hemisphere, but there was a lack of data from the Southern hemisphere. 
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Conclusions: Consistent patterns appear to exist in seasonal influenza VE across regions, age 

groups, and levels of vaccine antigenic similarity with circulating virus strains, with best vaccine 

performance against A(H1N1)pdm09 and worst against A(H3N2). The evidence highlights the 

need to consider geographical location, age, and vaccine antigenic similarity with circulating 

virus strains when designing and evaluating influenza VE studies. 
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Introduction 

Seasonal influenza is characterised by epidemics occurring from around April to September in 

the Southern hemisphere, and from around October to March in the Northern hemisphere. 

Vaccination has been an effective strategy for influenza prevention. However, following 

widespread mitigation measures during the coronavirus disease 2019 (COVID-19) pandemic 

such as social/physical distancing, influenza activities appeared to be less in the United States of 

America (USA) and in various countries in the Southern hemisphere,1 although historical data 

from the USA generally suggests that influenza circulation has been low during the COVID-19 

pandemic. It may however mean that a combination of these strategies may be as effective as 

vaccination. Nevertheless, in terms of practicality of strategies for influenza prevention, 

vaccination remains the most practical of the strategies and is very effective. 

Continuous changes that occur in influenza viruses over time (antigenic drift),2 however, 

mean that influenza vaccines have to be re-formulated each influenza season, and can be 

mismatched with the virus strains in circulation.3 Similarly, seasonal influenza vaccine 

effectiveness (VE) may differ across geographical regions depending on the circulating strains. 

Characteristics of vaccine recipients, such as age, may also impact VE.4 As such, influenza VE is 

evaluated each influenza season to assess vaccine performance and forecast the virus strains that 

are likely to be in circulation in the immediate subsequent season; then, this knowledge is used to 

inform vaccine development,3 vaccination policy and public health planning. 

Due to feasibility and ethical considerations, observational studies are used instead of 

randomised controlled trials to assess influenza VE. The test-negative design (TND) has become 

an increasingly popular observational study design for estimating influenza VE.5 In TND, 

individuals presenting with acute respiratory or influenza-like illness are tested for influenza; 
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those who test positive become the cases and those who test negative become the controls.6 VE 

is then calculated as one minus the adjusted ratio of the odds of vaccination in those that tested 

positive, to the odds of vaccination in those that tested negative, multiplied by 100. It is 

suggested that the TND helps to reduce biases due to differential healthcare-seeking behaviour 

between vaccinated and unvaccinated persons, and differential misclassification of influenza 

infection status.5 However, the TND may fail to correct for differential healthcare-seeking 

behaviour among vaccinated and unvaccinated individuals if stringent methods for study 

participants’ enrolment and influenza testing are not applied.7  

We undertook a systematic review and meta-analysis to identify, critically appraise and 

summarise the findings of published TND studies that examined seasonal influenza VE in 

outpatient (primary care) settings after the 2009/10 influenza pandemic. 

 

Methods 

This was a large systematic review and meta-analysis. The methods are partly described in 

Chapter 2. In summary, literature was searched from January 2011; initially, in April 2017 and 

the search was subsequently updated in February 2020. To avoid duplication of data, I-MOVE 

studies were excluded, leaving only country-specific data from Europe. Further, all studies from 

the USA, Spain, and Australia (countries with more than one published article for a season) were 

examined to ensure that there was no overlap or duplication of data (Appendix 8). 

 

Data analysis 

 

Relevant study characteristics were synthesised in tabular form. Reported VE estimates and 

associated 95% CI were pooled using inverse variance, random effects models implemented in 

STATA (version 13; StataCorp LP, Texas, USA). Statistical heterogeneity between pooled VE 
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was assessed and quantified using the I-squared statistic (I2).8  Where necessary, study variation 

(excess heterogeneity) was explored using random effects meta-regression.9 The chi-square 

statistic (χ 2) was used to assess the statistical significance (p value) of the difference between 

compared pooled VE estimates.10 Where appropriate, publication bias was assessed visually 

using funnel plots and, statistically, using Egger’s regression test.11  Subgroup analyses were 

conducted by study region, age group (under 5 years, 5–17 years, 18–49 years, 50–64 years, and 

≥65 years), and vaccine antigenic similarity with circulating virus strains.  

Study region was divided into global hemispheres (Northern and Southern) since 

different influenza vaccine composition is recommended each season for the hemispheres. 

Region was further divided into continents to explore differences between pooled VE from more 

homogenous regions. VE estimates reported for particular age groups were summarised 

according to age category as previously defined above, excluding VE reports for any overlapping 

age group or any that did not fit well into any of the a priori determined age categories. The 

specific age ranges included in each of the a priori determined age categories for pooled VE by 

age is detailed in Appendix 9. 
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Results 

Descriptive analysis 

 

From a total 11,931 identified citations, 76 full-text articles met our eligibility criteria for 

inclusion (Fig. 6).12-87    

Figure 6: Modified PRISMA flowchart of the selection of the included articles (for study 2). 

 

I-MOVE = Influenza Monitoring Vaccine Effectiveness 
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These articles comprised 13 articles from Spain,15-17,29,30,34-37,43-45,68 12 articles from the 

USA,13,20,26-28,33,48,51,62,67,80,87 ten articles from Australia,14,23,24,38-40,64,65,77,78 eight articles from the 

UK,12,52-58 seven articles from Canada,68-75 four articles from China,42,83,85 three articles from 

Germany,22,32,49 two articles each from Israel,76,86 Japan,19,79 Netherlands,21,81 Romania,60,61 and 

South Africa,46,47 and one article each from Austria,63 Croatia,25 France,82 Hong Kong,18 Italy,66 

New Zealand,59 Portugal,50 Taiwan,41 and Turkey31. Geographical mapping of these articles is 

represented graphically as Appendix 10 and the main characteristics of the studies reported by 

the articles are summarised in Table 5. Overall, 63 articles were for studies conducted in the 

Northern hemisphere (8 Asia; 36 Europe; 19 North America) while 13 articles were for studies 

conducted in the Southern hemisphere (11 Oceania; 2 Africa). Of those that clearly reported 

study sample size, the range was from 197 to 10,496 participants. 48 articles reported VE against 

A(H1N1)pdm09, 47 articles against A(H3N2), 46 articles against influenza B, and 65 articles 

against all influenza. Our improvised quality assessment of the studies based on the three 

potentially relevant study characteristics is presented in Appendix 11. 
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Table 5: Summary of the main characteristics of the included studies (for study 2). 

Article Country 

Influenza 

season 

Respiratory 

specimen 

(Diagnostic test) 

Number of 

participants 

Dominant 

influenza type VE assessed 

Andrews 

201412 

UK  2012/13  

 

Not reported 

(Polymerase Chain 

Reaction [PCR]) 

3,286 Influenza B A(H1N1)pdm09, 

A(H3N2), Influenza B 

Bateman 

201313 

USA  2010/11  

 

Nasal and 

oropharyngeal swab 

(PCR) 

1,549 A(H3N2) A(H1N1)pdm09, 

A(H3N2) 

Carville 

201514 

Australia  2013  

 

Nose or throat swab 

(PCR) 

262 Influenza B A(H1N1)pdm09, 

Influenza B, All 

influenza 

Castilla 

201315 

Spain 2011/12  

 

Nasopharyngeal and 

pharyngeal swabs 

(PCR) 

588 A(H3N2) All influenza 

Castilla 

201616 

Spain  2014/15  

 

Nasopharyngeal and 

pharyngeal (PCR) 

660 A(H3N2) & 

Influenza B 

A(H3N2), Influenza 

B, All influenza 

Castilla 

202017 

Spain 2018/19 Nasopharyngeal and 

pharyngeal swabs 

(PCR) 

552 A(H1N1)pdm09 

& A(H3N2) 

A(H1N1)pdm09, 

A(H3N2), All 

influenza 

Chan 201918 Hong 

Kong 

2017/18 Not reported (PCR) 919 Influenza B A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Chon 

201919 

Japan 2015/16 Nasopharyngeal 

specimen (PCR) 

713 A(H1N1)pdm09 Influenza B, All 

influenza 

Cowling 

201620 

USA 2010/11 

2011/12 

2012/13 

Nasopharyngeal, 

oropharyngeal or 

nasal swab (PCR) 

4,208: 

2010/11 

2,164: 

2011/12 

4,278: 

2012/13 

2010/11: 

A(H1N1)pdm09  

2011/12: 

A(H3N2) 

2012/13: 

A(H3N2) & 

influenza B 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Darvishian 

201721 

Netherlan

ds  

2010/11 

2011/12 

2012/13  

 

Throat swab and 

nose swab (PCR) 

Not reported 2010/11: 

Influenza B 

2011/12: 

A(H3N2) 

2012/13: 

Influenza B 

2013/14: 

A(H3N2) 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Englund 

201322 

Germany  2010/11  

 

Nasal or pharyngeal 

swabs or 

nasopharyngeal 

aspirates (PCR) 

1,866 A(H1N1)pdm09 A(H1N1)pdm09, 

Influenza B, All 

influenza 
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Fielding 

201223 

Australia  2011  

 

Nose and/or throat 

swab  
(PCR) 

529 A(H1N1)pdm09 

& Influenza B  

A(H1N1)pdm09, 

A(H3N2), Influenza 
B, All influenza 

Fielding 

201624 

Australia  2015  

 

Nose/throat swabs 

(PCR) 

2,443 Influenza B A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Filipovic 

201525 

Croatia  2010/11  Not reported (PCR) 495 A(H1N1)pdm09 A(H1N1)pdm09, All 

influenza 

Flannery 

201926 

USA 2016/17 Nasal and throat 

swabs (PCR) 

7,083 A(H3N2) A(H3N2), Influenza 

B, All influenza 

Flannery 

202027 

USA 2018/19 Combined nasal and 

oropharyngeal swab 

specimens (nasal 

swab specimens 

only for children 

aged <2 years) 

(PCR) 

10,012 A(H1N1)pdm09 A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Gaglani 

201628 

USA  2013/14  

 

Combined nose and 

throat swab 

specimens (nose 

swab specimen 

were only obtained 

from children aged 

<2 years) (PCR) 

5,637 A(H1N1)pdm09 A(H1N1)pdm09 

Gherasim 

201629 

Spain  2014/15  Not reported (PCR) 5,044 A(H3N2) A(H3N2), Influenza B 

Gherasim 

201730 

Spain 2015/16 Not reported  

(PCR & Culture) 

661 Influenza B A(H1N1)pdm09, 

Influenza B 

Hekimoglu 
201831 

Turkey 2014/15 
 

Nasal, 
nasopharyngeal, 

throat (PCR) 

2,561 Influenza B A(H1N1)pdm09, 
A(H3N2), Influenza 

B, All influenza 

Helmeke 

201532 

Germany  2012/13  Throat or 

nasopharyngeal 

swab (PCR) 

834 Influenza B A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Jackson 

201733 

USA 2015/16 

 

Nasal/oropharyngea

l swab 

(PCR) 

6,879 A(H1N1)pdm09 A(H1N1)pdm09,  

A(H3N2), Influenza 

B, All influenza 

Jimenez-

Jorge 

201234 

Spain 2010/11  

 

Not reported (PCR) 1,369 A(H1N1)pdm09 A(H1N1)pdm09, 

Influenza B, All 

influenza 

Jimenez-

Jorge 

201335 

Spain 

  

2011/12  Not reported (PCR 

& Culture) 

378 A(H3N2) A(H3N2), All 

influenza 
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Jimenez-

Jorge 
201536 

Spain  2010/11 

2011/12 
2012/13  

 

Nasal or 

nasopharyngeal  
(PCR & Culture) 

2010/11: 

3,180 & 
1,369; 

2011/12: 

3,484 & 

1,446; 

2012/13: 

3,357 & 

1,432 

2010/11: 

A(H1N1)pdm09 
2011/12: 

A(H3N2) 

2012/13: 

Influenza B 

A(H1N1)pdm09, 

A(H3N2), Influenza B 

Jimenez-

Jorge 

201537 

Spain 2010/11 

2011/12 

2012/13 

2013/14  

Nasal or 

nasopharyngeal  

(PCR & Culture) 

 2010/11: 

A(H1N1)pdm09 

2011/12: 

A(H3N2) 

2012/13: 

Influenza B  

2013/14: 

A(H1N1)pdm09 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Kelly 

201338 

Australia 2010 

2011  

 

Combined nose and 

throat swab 

specimens (nose 

swab specimen 

were only obtained 

from children aged 
<2 years) (PCR) 

309 (2010) 

398 (2011) 

2010: 

A(H1N1)pdm09 

2011: A(H3N2) 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Kelly 

201639 

Australia  2011 

2012 

2013  

Not reported (PCR) 642 (2011)  

684 (2012)  

354 (2013) 

Not reported All influenza 

Levy 201440 Australia  2010 

2011 

2012  

Two nose and one 

throat swab (PCR) 

448 (2010) 

351 (2011) 

1,361 (2012) 

2010, 2011: 

A(H1N1)pdm09 

2012: A(H3N2) 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Lo 201341 Taiwan  2011/12  

 

Throat or nasal 

swabs  

(PCR & Culture) 

918 Influenza B Influenza B, All 

influenza 

Ma 201742 China 2014/15 

 

Oral pharyngeal 

swab (PCR) 

9,297 A(H3N2) A(H3N2),  

Influenza B, All 

influenza 

Martínez-

Baz 201343 

Spain 2010/11 Nasopharyngeal 

swabbing (PCR) 

530 A(H1N1)pdm09 All influenza 

Martinez-

Baz 201544 

Spain  2012/13  

 

Nasopharyngeal and 

pharyngeal swabs 
(PCR) 

522 Influenza B Influenza B, All 

influenza 

Martinez-

Baz 201945 

Spain 2017/18 Nasopharyngeal and 

pharyngeal swab 

(PCR) 

604 A(H3N2) All influenza 

McAnerney 

201546 

South 

Africa  

2010 

2011 

2012 

2013  

Nasopharyngeal 

swab (PCR) 

5,344 2010: Influenza 

B 

2011: 

A(H1N1)pdm09  

All influenza 
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2012: A(H3N2) 

2013: 
A(H1N1)pdm09 

McAnerney 

201747 

South 

Africa  

2015  

 

Throat and/or nasal 

swabs (PCR) 

899 A(H1N1)pdm09 A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

McLean 

201548 

USA  2012/13  

 

Nasal and throat 

specimens (for 

children age <2 

years, only nasal 

specimens were 

obtained) (PCR) 

6,452 A(H3N2) A(H3N2)pdm09, All 

influenza 

Mohl 

201849 

Germany 2012/13 

2013/14 

2014/15 

2015/16 

Not reported (PCR) Varied 2012/13: 

Influenza B 

2013/14, 

2014/15: 

A(H3N2) 
2015/16: 

Influenza B 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Nunes 

201450 

Portugal  2012/13  

 

Nasopharyngeal 

swab or a combined 

nasopharyngeal and 
oropharyngeal swab  

(PCR & Culture) 

335 A(H1N1)pdm09 All influenza 

Ohmit 

201451 

USA  2011/12  

 

Throat swab and 

nasal swab (or nasal 
swab only in 

patients aged <2 

years) (PCR) 

4,771 A(H3N2) A(H1N1)pdm09, 

A(H3N2), Influenza 
B, All influenza 

Pebody 

201352 

UK  2010/11  Mouth swab (PCR) 7,121 A(H1N1)pdm09 A(H1N1)pdm09, 

Influenza B 

Pebody 

201353 

UK 2011/12  Not reported (PCR) 3,560 A(H3N2) A(H3N2) 

Pebody 

201554 

UK  2014/15  

 

Not reported (PCR) 2,931 A(H3N2) A(H3N2), 

Influenza B, All 

influenza 

Pebody 

201655 

UK  2015/16  

 

Not reported (PCR) 3,841 A(H1N1)pdm09 A(H1N1)pdm09, 

Influenza B, All 

influenza 

Pebody 

201756 

UK  2016/17 

 

Not reported (PCR) 2,881 A(H3N2) A(H3N2),  

Influenza B, All 

influenza 

Pebody 
201957 

UK 2017/18 Not reported (PCR) 3,080 A(H3N2) & 
Influenza B 

A(H1N1)pdm09, 
A(H3N2), Influenza 

B, All influenza 
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Pebody 

202058 

UK 2018/19 Combined throat 

and nose swabs 
(PCR) 

2,326 A(H1N1)pdm09 A(H1N1)pdm09, 

A(H3N2), All 
influenza 

Pierse 

201659 

New 

Zealand  

2014  

 

Nasopharyngeal or 

throat swab (PCR) 

1,154 A(H1N1)pdm09 A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Pitigoi 

201260 

Romania  2010/11  

 

Not reported (PCR) 255 A(H1N1)pdm09 

& Influenza B 

A(H1N1)pdm09, 

Influenza B, All 

influenza 

Pitigoi 

201561 

Romania  2012/13  Not reported (PCR) 197 Influenza B A(H1N1)pdm09, All 

influenza 

Powell 

201962 

USA 2017/18 Not reported (PCR) 3,595 A(H1N1)pdm09 

& A(H3N2) 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Redlberger-
Fritz 201663 

Austria 2014/15  
 

Nasopharyngeal 
swabs 

(PCR) 

815 A(H3N2) A(H1N1)pdm09, 
A(H3N2), Influenza 

B, All influenza 

Regan 

201964 

Australia 2012-

2015 

Not reported (PCR) 2012: 1,498 

2013: 1,140 

2014: 1,982 
2015: 2,650 

2012: A(H3N2) 

2013: A(H3N2) 

2014: 
A(H1N1)pdm09 

2015: Influenza 

B 

A(H1N1)pdm09, All 

influenza (2013/14), 

A(H3N2), Influenza B 

Regan 
201965 

Australia 2016 Nasal/throat swabs 
(PCR) 

1,085 A(H1N1)pdm09 
& A(H3N2) 

A(H1N1)pdm09, 
A(H3N2), Influenza 

B, All influenza 

Rizzo 

201666 

Italy  2014/15  

 

Nasal or throat 

swab (PCR) 

1,193 A(H1N1)pdm09 

& A(H3N2) 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Rolfes 

201967 

USA 2017/18 Nasal and throat 

swab (PCR) 

8,436 A(H3N2) A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Savulescu 

201468 

Spain  2010/11  Not reported (PCR 

& Culture) 

5,057 A(H1N1)pdm09 

& Influenza B 

A(H1N1)pdm09, 

Influenza B 

Skowronski 

201269 

Canada 2010/11 

  

Nasal/nasopharynge

al specimen (PCR) 

1,718 A(H3N2) A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Skowronski 

201470 

Canada  2011/12  Nasal/nasopharynge

al swabs (PCR) 

1,507 Influenza B A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Skowronski 
201471 

Canada  2012/13  
 

Nasal or 
nasopharyngeal 

swabs (PCR) 

1,501 A(H3N2) A(H1N1)pdm09, 
A(H3N2), Influenza 

B, All influenza 

Skowronski 

201572 

Canada  2013/14  

 

Nasal/nasopharynge

al specimens (PCR) 

1,700 A(H1N1)pdm09 A(H1N1)pdm09, All 

influenza 
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Skowronski 

201673 

Canada 2014/15 Nasal/nasopharynge

al specimens (PCR) 

1,930 A(H3N2) A(H3N2), Influenza 

B, All influenza 

Skowronski 

201774 

Canada 2015/16 

 

Nasal/nasopharynge

al swab (PCR) 

2,008 A(H1N1)pdm09 A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Skowronski 

201975 

Canada 2018/19 Nasal/nasopharynge

al swab (PCR) 

1,993 

(H3N2) 

A(H3N2) A(H1N1)pdm09, 

A(H3N2) 

Stein 201876 Israel 2016/17 Nasal-throat swab 

(PCR) 

1,088 A(H3N2) A(H3N2) 

Sullivan 
201377 

Australia  2010 
2011 

2012 

Not reported (PCR) 420 (2010) 
 630 (2011) 

678 (2012) 

2010: 
A(H1N1)pdm09 

2011: Influenza 

B 

2012: A(H3N2) 

All influenza 

Sullivan 
201478 

Australia 2012 
  

Nasal and throat 
specimens (PCR) 

600 A(H3N2) A(H3N2), All 
influenza 

Suzuki 

201479 

Japan 2011/12 Nasopharyngeal 

swab  

(PCR) 

309 A(H3N2) All influenza 

Treanor 

201280 

USA  2010/11 

  

Nasal and throat 

swabs (children 
aged <2 years 

provided nasal 

swabs only) (PCR) 

4,757 A(H1N1)pdm09 A(H1N1)pdm09, 

A(H3N2), Influenza 
B, All influenza 

Van Doorn 
201781 

Netherlan
ds  

2010/11 
2011/12 

2012/13 

2013/14  

Nose and throat 
swabs  

(PCR & Culture) 

Unclear 2010/11: 
A(H1N1)pdm09 

2011/12, 

2012/13, 

2013/14: 

A(H3N2) 

All influenza 

Vilcu 

201882 

France 2014/15 

2015/16 

Nasopharyngeal 

specimen (PCR) 

2014/15: 

1,428 

2015/16: 

3,447 

2014/15: 

A(H3N2) 

2015/16: 

Influenza B 

A(H1N1)pdm09, 

A(H3N2), Influenza 

B, All influenza 

Wang 
201683 

China  2011/12  Nasopharyngeal 
specimen (PCR) 

668 Not reported All influenza 

Wu 201884 China 2016/17 Pharyngeal swab 

(PCR) 

10,496 A(H3N2) A(H1N1)pdm09, 

A(H3N2), All 

influenza 

Yang 

201485 

China  2012/13  

 

Pharyngeal swabs 

(Culture) 

1,998 A(H1N1)pdm09 A(H1N1)pdm09, 

A(H3N2), All 

influenza 

Yaron-

Yakoby 

201886 

Israel 2014/15  

 

Nose and throat 

swabs 

(PCR) 

1,005 

(2014/15) 

2014/15: 

A(H3N2);  

A(H3N2), All 

influenza in 2014/15; 

A(H1N1)pdm09, 
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1,658 

(2015/16) 

2015/16: 

A(H1N1)pdm09 
& Influenza B 

Influenza B, All 

influenza in 2015/16 

Zimmerman 

201687 

USA  2014/15  

 

Nasal and throat 

swabs (children 

aged <2 years 

provided nasal 
swabs only) (PCR) 

9,311 A(H3N2) A(H3N2), All 

influenza 

 

 

Meta-regression 

 

Study region (both hemisphere and continent), influenza season, method of vaccination 

confirmation, method of study participants’ enrolment, and vaccine antigenic similarity with 

circulating virus strains could not explain any observed heterogeneity in the overall pooled VE 

against A(H1N1)pdm09. On the contrary, observed heterogeneity in pooled VE against 

A(H3N2) and against all influenza were both found to be possibly explained by study region 

(hemisphere [p=0.04 and p<0.01] and continent [p<0.01 and p=0.02]), influenza season (p=0.03 

and p=0.04), and vaccine antigenic similarity with circulating virus strains (p<0.001). Study 

region (continent [p<0.01]) and vaccine antigenic similarity with circulating virus strains 

(p<0.001) were also found to be possible explanations for observed heterogeneity in pooled VE 

against influenza B. 

 

Pooled adjusted VE by geographical region 

 

VE estimates were more homogenous and point pooled VE higher in the Southern hemisphere 

compared with the Northern hemispheres; 64% (53–72%; I2=0%) compared with 56% (51–60%; 

I2=46.4%) for A(H1N1)pdm09 ([Figure 7] and [Figure 8]), 42% (31–51%; I2=0%) compared 

with 22% (15–29%; I2=66.9%) for A(H3N2) ([Figure 9] and [Figure 10]), 56% (45–64%; 

I2=2.6%) compared with 42% (34–49%; I2=71.3%) for influenza B ([Figure 11] and [Figure 



86 

 

12]), and 54% (48–59%; I2=0%) compared with 37% (32–42%; I2=79.8%) for all influenza 

([Appendix 12] and [Appendix 13]).  

 

Figure 7: Forest plot of adjusted VE against A(H1N1)pdm09 (all participants: Southern 

hemisphere). 

 

VE = vaccine effectiveness; CI = confidence interval 
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Figure 8: Forest plot of adjusted VE against A(H1N1)pdm09 (all participants: Northern 

hemisphere). 

 

VE = vaccine effectiveness; CI = confidence interval 
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Figure 9: Forest plot of adjusted VE against A(H3N2) (all participants: Southern hemisphere). 

 

 

VE = vaccine effectiveness; CI = confidence interval 
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Figure 10: Forest plot of adjusted VE against A(H3N2) (all participants: Northern hemisphere). 

 

VE = vaccine effectiveness; CI = confidence interval 
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Figure 11: Forest plot of adjusted VE against influenza B (all participants: Southern 

hemisphere). 

 

VE = vaccine effectiveness; CI = confidence interval 
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Figure 12: Forest plot of adjusted VE against influenza B (all participants: Northern 

hemisphere). 

 

VE = vaccine effectiveness; CI = confidence interval 
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The difference between compared pooled VE pairs was statistically significant for A(H3N2) 

(p=0.001), influenza B (p=0.023) and all influenza (p=<0.001), but not for A(H1N1)pdm09 

(p=0.14). A consistent pattern was observed in pooled VE across hemispheres and continents, 

with the highest point pooled VE being against A(H1N1)pdm09, followed by against influenza 

B, and lowest against A(H3N2) (Figure 13).  

 

Figure 13: Forest plot of all pooled adjusted VE for all participants across hemispheres and 

continents. 

 

VE = vaccine effectiveness; CI = confidence interval 

 

In almost all pooled VE against the influenza subtypes/type, point pooled VE increased in the 

same order: from Asia, to Europe, North America, and Oceania although the point pooled VE 

against A(H1N1)pdm09 was highest for Asia; however, with the widest CI and least lower CI 

(Figure 13). The point pooled VE against other strains for Asia were smaller than those for other 

continents, but with wider CIs and the results were not statistically significant. Within each 

hemisphere, the difference between pooled VE against A(H1N1)pdm09, A(H3N2) and influenza 
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B was statistically significant in both the Southern hemisphere (p=0.007) and Northern 

hemisphere (p<0.001). Similarly, the difference was statistically significant within continents: 

Asia (p=0.002), Europe (p<0.001), North America (p<0.001), and Oceania (p=0.003). The 

results are summarised in Table 6. 
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Table 6: Pooled adjusted VE for all study participants irrespective of age (for study 2). 

Influenza type/subtypes 

and analysed subgroups 

No. of 

studies 

Pooled VE for all 

seasons (95% CI) 

I-squared 

statistic (%) 

Publication bias 

(Egger’s test p-value) 

A(H1N1)pdm09 
    Northern hemisphere 39 56 (51-60) 46.4 0.03 

    Southern hemisphere 11 64 (53-72) 0.0 0.54 

    Africa 1 44 (-63-81) NA NA 

    Asia 3 67 (37-83) 54.2 NA 

    Europe 22 51 (44-56) 0.0 0.66 

    North America 14 60 (53-66) 71.9 <0.01 

    Oceania 10 65 (54-73) 0.0 0.40 

    Antigenically similar vaccine 45 57 (53-61) 44.9 <0.01 

    Antigenically partially similar vaccine 5 42 (-4-68) 0.0 NA 

    Antigenically dissimilar vaccine 0 - - - 

A(H3N2) 
    Northern hemisphere 38 22 (15-29) 66.9 0.83 

    Southern hemisphere 11 42 (31-51) 0.0 0.59 

    Africa 1 82 (-24-97) NA NA 

    Asia 4 1 (-33-27) 34.8 NA 

    Europe 19 16 (3-27) 45.6 0.59 

    North America 15 29 (20-36) 77.4 0.25 

    Oceania 10 41 (30-50) 0.0 0.17 

    Antigenically similar vaccine 24 36 (31-41) 18.9 0.67 

    Antigenically partially similar vaccine 11 22 (14-30) 27.2 0.12 

    Antigenically dissimilar vaccine 14 1 (-15-14) 46.8 0.95 

Influenza B 
    Northern hemisphere 36 42 (34-49) 71.3 0.59 

    Southern hemisphere 10 56 (45-64) 2.6 0.70 

    Africa 1 32 (-217-85) NA NA 

    Asia 4 18 (-49-54) 88.1 NA 

    Europe 19 40 (29-50) 50.3 0.27 

    North America 13 51 (46-55) 20.2 0.46 

    Oceania 9 56 (44-65) 10.4 NA 

    Antigenically similar vaccine 27 51 (47-55) 25.2 0.66 

    Antigenically partially similar vaccine 10 39 (20-54) 39.2 0.23 

    Antigenically dissimilar vaccine 9 20 (-9-41) 73.1 N/A 

All influenza 
    Northern hemisphere 58 37 (32-42) 79.8 0.92 

    Southern hemisphere 18 54 (48-59) 0.0 0.11 

    Africa 5 62 (38-77) 39.4 N/A 

    Asia 7 23 (-8-45) 83.4 N/A 

    Europe 34 34 (25-42) 65.7 0.42 

    North America 17 45 (39-50) 86.0 0.05 

    Oceania 13 53 (47-58) 0.0 0.19 

    Antigenically similar vaccine 46 49 (45-53) 61.5 0.01 

    Antigenically partially similar vaccine 26 27 (20-34) 43.4 0.53 

    Antigenically dissimilar vaccine 4 -9 (-28-8) 30.4 N/A 

 

VE = vaccine effectiveness; CI = confidence interval; NA = not applicable 

 



95 

 

Pooled adjusted VE by age group 

 

There was a lack of data from the Southern hemisphere to enable comparison with the Northern 

hemisphere across age groups except for pooled VE against all influenza in the <5 years old and 

≥65 years old age groups (Appendix 14). A statistically significantly higher pooled VE against 

all influenza was observed among ≥65 years old in the Southern hemisphere 52% (25–70%; 

I2=7.3%) compared with the Northern hemisphere 25% (15–33%; I2=0%) (p=0.03) whereas the 

opposite was observed in the <5 years old age group: 7% (-199–71%; I2=0%) in the Southern 

hemisphere versus 61% (55–67%; I2=0%) in the Northern hemisphere (p=0.43). However, the CI 

in the Southern hemisphere was markedly wide and the difference between the Southern and 

Northern hemispheres was not statistically significant. A nearly consistent pattern was observed 

in pooled VE against A(H1N1)pdm09, A(H3N2), influenza B, and all influenza across all age 

groups in the Northern hemisphere, with point pooled VE mostly decreasing with age (Figure 

14).  
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Figure 14: Forest plot of all pooled adjusted VE across age groups in the Northern hemisphere. 

 

VE = vaccine effectiveness; CI = confidence interval 
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Pooled adjusted VE by vaccine antigenic similarity with circulating virus strains 

 

Overall, point pooled VE against A(H3N2), influenza B, and all influenza were higher with 

antigenically similar compared with antigenically dissimilar vaccines: 36% (31–41%; I2=18.9%) 

compared with 1% (-15–14%; I2=46.8%) for A(H3N2); 51% (47–55%; I2=25.2%) compared 

with 20% (-9–41%; I2=73.1%) for influenza B; and 49% (45–53%; I2=61.5%) compared with -

9% (-28–8%; I2=30.4%) for all influenza. The difference between these compared pooled VE 

pairs was statistically significant for A(H3N2) (p<0.001), influenza B (p=0.016), and all 

influenza (p<0.001), with a consistent pattern observed (Figure 15). The same observation was 

made with regard to the Northern hemisphere: p<0.001 for A(H3N2), P=0.02 for influenza B, 

and p<0.001 for all influenza. There was a paucity of data from the Southern hemisphere and 

there was no antigenically dissimilar vaccine against A(H1N1)pdm09. However, point pooled 

VE against A(H1N1)pdm09 was higher with antigenically similar vaccine compared with 

antigenically partially similar vaccine (Table 6). Most of these observations were also made 

within some age groups (Appendix 14). 
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Figure 15: Forest plot of pooled adjusted VE across levels of vaccine antigenic similarity with 

circulating virus strains – overall, and the Northern hemisphere. 

 

VE = vaccine effectiveness; CI = confidence interval 
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Discussion 

In this systematic review and meta-analysis of VE against laboratory-confirmed seasonal 

influenza from TND studies conducted in outpatient settings after the 2009/10 influenza 

pandemic, substantial variability was found in VE across geographical regions, age groups, and 

levels of vaccine antigenic similarity with circulating virus strains. In the analysis involving all 

study participants (not age restricted), VE estimates against A(H1N1)pdm09, A(H3N2), 

influenza B, and all influenza were homogenous in the Southern hemisphere and point pooled 

VE higher in the Southern hemisphere compared with the Northern hemisphere. Vaccine 

performed best against A(H1N1)pdm09 and worst against A(H3N2) in all regions. Point pooled 

VE against almost all influenza subtypes/type increased in the same order: from Asia, to Europe, 

North America, and Oceania. Point pooled VE against almost all influenza subtypes/type 

declined with age in the Northern hemisphere; there was a lack of data from the Southern 

hemisphere. VE was significantly higher with vaccine antigenically similar compared with 

antigenically dissimilar to circulating virus strains. 

Compared with the Northern hemisphere, significantly fewer studies contributed to the 

analysis for the Southern hemisphere. These studies were mostly from Australia, whereas studies 

for the Northern hemisphere were from diverse countries. Methods of study participant 

enrolment differed across the included studies, with participants consecutively recruited in 45% 

of studies and systematically recruited in 55% of studies. Method of confirmation of influenza 

vaccination status also differed across studies; however, a majority was through medical record 

(70%) while 14% was self-reported, 13% mixed, and 3% unknown. There were also differences 

across studies in the type of respiratory specimen collected, although specimen swab time in all 

the studies was within 7 days of symptom onset. Influenza testing was largely by RT-PCR. 
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Although studies were restricted to outpatient settings, it was not clear to what extent study 

populations differed by comorbidity status. There were variations in logistic regression models. 

In addition to other covariates adjusted for, about 53% of studies adjusted for both age and 

comorbidity, 43% for age but not comorbidity, 3% for comorbidity but not age, and about 1% 

adjusted for neither age nor comorbidity. Furthermore, sample size differed significantly across 

the studies. These differences may have contributed to the heterogeneity observed in some of the 

pooled analyses. Nevertheless, our review contributes significantly to the evidence base and 

highlights patterns that may exist in VE across regions, age groups, and levels of vaccine 

antigenic similarity with circulating virus strains. 

When compared with A(H1N1)pdm09 and influenza B, point pooled VE against 

A(H3N2) was lowest in all regions and in almost all age groups. It was markedly lower among 

≥65 years old in the Northern hemisphere (11%), compared with point pooled VE against 

A(H1N1)pdm09 (47%) and influenza B (24%) among the same age group. On the other hand, 

among <5 years old in the Northern hemisphere, point pooled VE was substantially higher 

against A(H3N2) (54%), A(H1N1)pdm09 (62%), and influenza B (58%). Point pooled VE 

against A(H1N1)pdm09, A(H3N2) and influenza B were also substantially higher among other 

age groups in the Northern hemisphere when compared with ≥65 years old; thus, suggesting an 

age-related immune response effect.  

Influenza viruses may undergo changes when incubated in eggs during the production of 

vaccine viruses. However, while this is particularly problematic for influenza B lineages, the 

B/Victoria and B/Yamagata, as well as for A(H3N2), the changes that occur in A(H3N2) result 

in more mutations.71 These egg-adapted changes may alter antigenic integrity of vaccine viruses 

and reduce the effectiveness of vaccine against the circulating virus strains based upon which 
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vaccine strains were determined.71 This means that, between the time of recommendation of 

seasonal vaccine virus strains by the WHO and the production of vaccines, the A(H3N2) 

component of vaccine in particular may undergo significant changes that could reduce the 

effectiveness of the developed vaccines against this influenza subtype. Secondly, compared with 

A(H1N1)pdm09 and influenza B, more antigenic drift has been reported in A(H3N2) during 

some seasons, with associated increased morbidity and fatality, and this may partly explain the 

observed low pooled VE against A(H3N2).88-90 Flannery (2016) found that VE against A(H3N2) 

was almost zero for an antigenically drifted genetic group of viruses, and 44% against a genetic 

group that were antigenically similar to the seasonal vaccine strains.91  Furthermore, it was 

observed that vaccine performed very poorly in the 2014/15 influenza season, during which there 

was widespread circulation of A(H3N2) viruses antigenically dissimilar from the 

A/Texas/50/2012 that was covered in the season’s vaccine.  

Our findings are similar to those of Belongia (2016), a systematic review and meta-

analysis of 56 studies which found substantial variation in VE across influenza A(H1N1)pdm09, 

A(H3N2) and influenza B, and substantially low VE against A(H3N2).92 While we did not aim 

to update or to replicate the study, our methods were considerably similar. However, influenza 

seasons prior to the 2009/10 influenza pandemic were included in the review, whereas we 

included only studies after the 2009/10 influenza pandemic, to allow us to focus on studies 

conducted from when universal public funding of influenza vaccination increased in most of the 

Western jurisdictions. Belongia and colleagues included data from hospitalised patients in some 

of the pooled analyses, whereas we limited our analyses strictly to outpatient settings since VE 

tends to differ between inpatient and outpatient populations.39,93 However, a study found no 

differences in VE estimates between both patient populations; albeit, with a small sample size.94 
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Furthermore, the review included interim VE data that has not yet been superseded by final 

estimates, whereas we included only final VE estimates to ensure that data from throughout each 

influenza season were considered, and to enable an easier update of, and comparison with, our 

findings in the future. Belongia and colleagues also included only studies that reported age-

stratified or age-adjusted VE estimates, whereas we included all multivariable-adjusted VE 

estimates and then provided additional information regarding covariate adjustments in studies. 

Two other systematic reviews also examined seasonal influenza VE from TND studies; one was 

limited to community-dwelling elderly individuals and employed individual participant data 

meta-analysis,95 while the other assessed severe influenza illness prevention with vaccination 

among hospitalised adults.96 Although the reviewed populations were significantly different from 

ours, our findings regarding VE were quite similar.  

Although we evaluated influenza surveillance studies of TND type in outpatient settings 

after the 2009/10 influenza pandemic, it should be noted that some eligible studies conducted 

during this specified period may not have been published at the time of our literature search, and 

therefore not included in this review. Due to inadequacy of data, we could not thoroughly 

examine VE in all age groups and, therefore, could not compare age groups between regions. 

There were also differences in the categorization of age groups across studies, further limiting 

data for age group analysis. We could also not compare VE by vaccine type although we are 

aware that the vaccine types are very different and that VE is not equivalent for all vaccine types. 

Studies did not report prior seasonal influenza vaccinations so we could not assess the impact on 

the assessed VE, despite growing evidence to suggest that vaccine effectiveness may be 

influenced by prior vaccinations.97,98 Furthermore, it was not possible to account for laboratory 

variability in antigenic characterization assays, and it was not also possible to assess the impact 
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of social desirability reporting and recall biases in studies with self-reported vaccination. Within 

and across regional studies, it was not possible to assess the impact of vaccination policies and 

programmes.  

Notwithstanding the aforementioned limitations, our review has many merits including 

having been conducted in full compliance with the Cochrane Handbook for Systematic Reviews 

of Interventions guidelines and reported in accordance with the PRISMA guidelines. Our 

literature search strategy was comprehensive, and was reviewed by a knowledge synthesis 

librarian using the PRESS checklist. 

 
 

Conclusions 

Consistent patterns appear to exist in seasonal influenza VE across geographical regions, age 

groups, and levels of vaccine antigenic similarity with circulating viruses, with vaccine 

performing best against A(H1N1)pdm09 and worst against A(H3N2). Likewise, vaccine appears 

to perform best when antigenically similar with circulating virus strains, and VE appears to 

reduce with age. The evidence highlights the importance of considering geographical location, 

age, and vaccine antigenic similarity with circulating viruses when designing and evaluating 

influenza VE studies. 
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Chapter 5. Variations in seasonal influenza vaccine effectiveness due to study 

characteristics: A systematic review and meta-analysis of test-negative design studies 

 

 

Preface 

The previous chapter (Chapter 4) explored variability in SIV effectiveness across geographical 

regions, study population characteristics such as age, and the level of VAS. SIV effectiveness 

estimates from influenza surveillance networks also suggestively vary depending on the methods 

of estimation; for example, source of vaccination information, respiratory specimen swab time 

relative to symptom onset, and covariate adjustments. However, the evidence has largely 

conflicted. This chapter presents a published study that explored this problem. 
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Abstract 

 

Background: Study characteristics influence vaccine effectiveness (VE) estimation. We 

examined the influence of some of these on seasonal influenza VE estimates from test-negative 

design (TND) studies. 

Methods: We systematically searched bibliographic databases and websites for full-text 

publications of TND studies on VE against laboratory-confirmed seasonal influenza in 

outpatients after the 2009 pandemic influenza. We followed the Cochrane Handbook for 

Systematic Reviews of Interventions guidelines. We examined influence of source of vaccination 

information, respiratory specimen swab time, and covariate adjustment on VE. We calculated 

pooled adjusted VE against A(H1N1)pdm09 and A(H3N2) influenza subtypes, influenza B, and 

all influenza, using an inverse variance, random-effects model.  

Results: We included 70 full-text articles. Pooled VE against A(H1N1)pdm09 and A(H3N2) 

influenza subtypes, influenza B, and all influenza was higher for studies that used self-reported 

vaccination than for those that used medical records. Pooled VE was higher with respiratory 

specimen collection ≤7 days vs. ≤4 days of symptom onset, but the opposite was observed for 

A(H1N1)pdm09. Pooled VE was higher for studies that adjusted for age but not for medical 

conditions compared with those that adjusted for both. There was however a lack of statistical 

significance in almost all differences in pooled VE between compared groups. 

Conclusions: The available evidence is not strong enough to conclude that influenza VE from 

TND studies varies by source of vaccination information, respiratory specimen swab time, and 

adjustment for age/medical conditions. The evidence is, however, indicative that these factors 

ought to be considered while designing or evaluating TND studies of influenza VE. 
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Introduction  

Vaccination is the most effective prevention for seasonal influenza. Observational studies, rather 

than randomised controlled trials, are used to examine seasonal influenza vaccine effectiveness 

(VE) due to feasibility and ethical considerations. Continuous changes that occur in influenza 

viruses (antigenic drift)1 mean that influenza vaccines have to be re-formulated every influenza 

season and that vaccine virus strains may be mismatched with circulating virus strains. Influenza 

VE studies are conducted each season in many jurisdictions worldwide to assess vaccine 

performance and to inform subsequent influenza season vaccine development.  

Studies on influenza VE often have differences in their design. Studies approach 

participants’ recruitment differently and influenza vaccination status may be determined by 

either self-report or medical record ascertained. Clinic presentation and timing of respiratory 

specimen swab collection differ across study participants. The characteristics of study 

participants, such as age and health status, also vary and may impact VE.2 Adjustment in analysis 

of VE varies across studies, and adjustment for specific potential confounders such as age and 

medical conditions may lead to differences in VE estimations. Due to these variations and other 

factors, influenza VE estimates vary between jurisdictions. 

The test-negative design (TND), an observational study design type, is an increasingly 

popular design for estimating influenza VE.3, 4 In a TND study, patients presenting with 

influenza-like symptoms are tested for influenza. Those with a positive test result become the 

cases and those with a negative test result become the controls. Influenza VE (represented as a 

percentage) is calculated as one minus the adjusted ratio of the odds of vaccination in those with 

positive test results, to the odds of vaccination in those with negative test results, multiplied by 

100. The TND has been credited with reducing biases due to differential healthcare-seeking 
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behaviour between vaccinated and unvaccinated individuals, and differential misclassification of 

influenza infection status.3 However, if stringent methods for study participants’ enrolment and 

influenza testing are not applied, the TND may fail to correct for differential healthcare-seeking 

behaviour among the vaccinated and the unvaccinated individuals.5 

We systematically identified, critically appraised, and summarised the findings of 

published TND studies that examined seasonal influenza VE in primary care settings since the 

2009 pandemic influenza. We conducted a systematic review and meta-analysis following the 

Cochrane Handbook for Systematic Reviews of Interventions guidelines,6 and we reported our 

findings following the Preferred Reporting Items for Systematic Reviews and Meta-analysis 

(PRISMA) guidelines.7 

 

Methods 

This was a systematic literature review with meta-analysis. The methods are partly described in 

Chapter 2. Literature was searched from January 2011; initially, in April 2017 and the search 

was subsequently updated in July 2018. Corresponding authors of regional influenza surveillance 

studies were contacted to check if any relevant publications were missed. The outcomes of 

interest were adjusted influenza VE against the A(H1N1)pdm09, A(H3N2), influenza B, and all 

influenza.  

 

Data analysis 

The main study characteristics were synthesised in tabular form and the reported multivariable 

adjusted influenza VE estimates and their associated 95% CIs were pooled using inverse 

variance, random effects models implemented in STATA (version 13; StataCorp LP, Texas, 

USA). Heterogeneity between the pooled adjusted VE estimates was assessed and quantified 
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statistically using the I-squared statistic (I2).8 Chi-square statistic (χ2) was used to assess the 

statistical significance (p-value) of the difference between two groups of pooled adjusted results. 

Publication bias was assessed (where appropriate) visually using funnel plots, and, statistically, 

using the Egger’s regression test.9 Subgroup analysis was conducted according to the source of 

participants’ influenza vaccination status, respiratory specimen swab time, and whether studies 

included age or age and medical conditions in their multivariable adjustment models. The 

subgroup analyses were conducted for all patients, and for each of under 5 years, 5 to 17 years, 

18 to 49 years, 50 to 64 years, and ≥65 years age groups. Only results for age groups that clearly 

fall within these predefined age groups without overlapping with another age group were 

included. 
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Results 

From a total of 10,041 identified citations, 70 full-text articles met our eligibility criteria (Figure 

16).10-79  

Figure 16: Modified PRISMA flowchart of the selection of the included articles (for study 3). 
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The main characteristics of these articles are summarised in Table 7. There were 11 articles each 

from the USA and Spain, eight articles from Australia, seven articles from the I-MOVE group 

(involving multiple European countries), and six articles each from the United Kingdom and 

Canada. There were three articles from China, and two articles each from Germany, Israel, 

Netherlands, Romania, and South Africa. One article each was from Austria, Croatia, Italy, 

Japan, New Zealand, Portugal, Taiwan, and Turkey. The sample size from the studies in these 

articles ranged from 197 to 11,430 participants. All the studies were funded by non-industry 

sources, and one study received funding from both industry and non-industry sources. 
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Table 7: Summary of the main characteristics of the included studies (for study 3). 

Study Country 

Influenza 

season 

(Study 

period) 

Respiratory 

specimen 

(Diagnostic test) 
Number of 

participants 

Circulating 

Influenza 

type(s) 
Dominant 

Influenza type 

 

 

VE outcomes 

assessed 

Kissling et al. 
(2011)10 

Europe 2010/11 
 

Nasal or throat 
swab 

(PCR & Culture) 

3,254 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

Influenza B 

Jimenez – 
Jorge et al. 

(2012)11 

Spain 2010/11  
 

Not reported 
(PCR) 

1,369 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

Influenza B 

Fielding et al. 
(2012)12 

Australia  2011  
 

Nose and/or 
throat swab  

(PCR) 

529 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 
– first half, 

A(H3N2) – mid 
to latter season, 
Influenza B – 

throughout 

All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Treanor et al. 
(2012)13 

USA  2010/11 
  

Nasal and throat 
swabs (children 
aged <2 years 
provided nasal 

swabs only)  
(PCR) 

4,757 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza A 
Influenza B 

Skowronski et 
al. (2012)14 

Canada 2010/11 
  

Nasal/nasophary
ngeal specimen  

(PCR) 

1,718 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza A 
Influenza B 

Pitigoi et al. 
(2012)15 

Romania  2010/11  
 

Not reported  
(PCR) 

255 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 
& Influenza B 

All influenza 
A(H1N1)pdm09 

Influenza B 

Castilla et al. 

(2013)16 

Spain 2011/12  

 

Nasopharyngeal 

and pharyngeal 
swabs  
(PCR) 

588 A(H3N2), 

Influenza B 

A(H3N2) All influenza 

Kelly et al. 
(2013)17 

Australia 2010 & 
2011  

 

Combined nose 
and throat swab 

specimens (nose 
swab specimen 

were only 
obtained from 

children aged <2 
years)  
(PCR) 

309 (2010) 
398 (2011) 

A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

2010 
A(H1N1)pdm09, 

2011 A(H3N2) 

All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Sullivan et al. 
(2013)18 

Australia  2010, 
2011 & 
2012 

Not reported 
(PCR) 

420 (2010) 
 630 (2011) 
678 (2012) 

A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

2010 
A(H1N1)pdm09,  
2011 Influenza 

B, 
2012 A(H3N2) 

All influenza 

Martínez – 
Baz et al. 
(2013)19 

Spain 2010/11 Nasopharyngeal 
swabbing  

(PCR) 

530 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
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Kissling et al. 
(2013)20 

Europe 2011/12 
  

Nasopharyngeal 
swab  

(PCR & Culture) 

4,362 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) A(H3N2) 

Jimenez – 
Jorge et al. 

(2013)21 

Spain 
  

2011/12  Not reported  
(PCR & Culture) 

378 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza  
A(H3N2) 

Pebody et al. 
(2013)22 

UK 2011/12  Respiratory 
samples  

(PCR) 

3,560 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) A(H3N2) 

Bateman et al. 
(2013)23 

USA  2010/11  
 

Nasal and 
oropharyngeal 

swab  
(PCR) 

1,549 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) A(H1N1)pdm09 
A(H3N2) 

Influenza A 

Englund et al. 
(2013)24 

Germany  2010/11  
 

Nasal or 
pharyngeal 
swabs or 

nasopharyngeal 
aspirates  

(PCR) 

1,866 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

Influenza B 

Lo et al. 
(2013)25 

Taiwan  2011/12  
 

Throat or nasal 
swabs  

(PCR & Culture) 

918 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza B All influenza 
Influenza A 
Influenza B 

Pebody et al. 
(2013)26 

UK  2010/11  Mouth swab  
(PCR) 

7121 A(H1N1)pdm09, 
Influenza B 

A(HINI)pdm09 A(H1N1)pdm09 
Influenza B 

Sullivan et al. 
(2014)27 

Australia 2012 
  

Nasal and throat 
samples  
(PCR) 

600 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
A(H3N2) 

Levy et al. 
(2014)28 

Australia  2010 to 
2012  

 

Two nose and 
one throat swab  

(PCR) 

448 (2010) 
351 (2011) 

1,361 (2012) 

A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 
in 2010 & 2011, 

 A(H3N2) in 
2012 

All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Ohmit et al. 
(2014)29 

USA  2011/12  
 

Throat swab and 
nasal swab (or 

nasal swab only 
in patients aged 

<2 years)  
(PCR) 

4,771 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza A 
Influenza B 

Kissling et al. 

(2014)30 

Europe  2012/13  

 

Nasopharyngeal 

swab  
(PCR & Culture) 

6,609 A(H1N1)pdm09, 

A(H3N2), 
Influenza B 

Influenza B A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Suzuki et al. 
(2014)31 

Japan 2011/12 Nasopharyngeal 
swab  

(PCR) 

309 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
Influenza A 

Skowronski et 
al. (2014)32 

Canada  2011/12  Nasal/nasophary
ngeal swabs  

(PCR) 

1,507 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza B All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza A 
Influenza B 

Savulescu et 
al. (2014)33 

Spain  2010/11  Not reported  
(PCR & Culture) 

5,057 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 
& Influenza B 

A(H1N1)pdm09 
Influenza B 
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Nunes et al. 
(2014)34 

Portugal  2012/13  
 

Nasopharyngeal 
swab or a 
combined 

nasopharyngeal 
and 

oropharyngeal 
swab  

(PCR & Culture) 

335 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 

Skowronski et 
al. (2014)35 

Canada  2012/13  
 

Nasal or 
nasopharyngeal 

swabs  

(PCR) 

1,501 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
A(H1N1)pdm09 

A(H3N2) 

Influenza A 
Influenza B 

Yang et al. 
(2014)36 

China  2012/13  
 

Pharyngeal 
swabs  

(Culture) 

1,998 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

A(H3N2) 

Andrews et al. 
(2014)37 

UK  2012/13  
 

Not reported  
(PCR) 

3,286 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza B A(H1N1)pdm09 
A(H3N2) 

Influenza A 
Influenza B 

McAnerney et 
al. (2015)38 

South 
Africa  

2010 to 
2013  

 

Nasopharyngeal 
swab  

(PCR) 

5,344 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

2010 – Influenza 
B, 

2011 – 
A(H1N1)pdm09, 
2012 – A(H3N2), 

2013 – 

A(H1N1)pdm09 

All influenza 

Pitigoi et al. 
(2015)39 

Romania  2012/13  Not reported  
(PCR) 

197 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza B All influenza 
A(H1N1)pdm09 

Valenciano et 
al. (2015)40 

Europe  2013/14  Nasopharyngeal 
swab  

(PCR) 

3,020 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) A(H1N1)pdm09 

Helmeke et al. 
(2015)41 

Germany  2012/13  Throat or 
nasopharyngeal 

swab  
(PCR) 

834 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza B All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Carville et al. 
(2015)42 

Australia  2013  
 

Nose or throat 
swab  

(PCR) 

262 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza A & B All influenza 
A(H1N1)pdm09 

Influenza B 

Chen et al. 
(2015)43 

USA  2010/11 
& 

2011/12  

One nasal and 
one throat swab  

(PCR) 

927 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 

McLean et al. 
(2015)44 

USA  2012/13  
 

Nasal and throat 
specimens (for 
children age <2 
years, only nasal 

specimens)  
(PCR) 

6,452 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
A(H3N2) 
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Jimenez – 
Jorge et al. 

(2015)45 

Spain  2010/11, 
2011/12 

& 
2012/13  

 

Nasal or 
nasopharyngeal  

(PCR & Culture) 

2010/11 
(3,180:SISS, 
1,369:cycEV

A) 
2011/12 

(3,484:SISS, 
1,446:cycEV

A) 
2012/13 

(3,357:SISS, 
1,432:cycEV

A) 

A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

2010/11 
A(H1N1)pdm09, 

2011/12 
A(H3N2), 
2012/13 

Influenza B 

A(H1N1)pdm09 
A(H3N2) 

Influenza B 

Jimenez – 
Jorge et al. 

(2015)46 

Spain 2010/11, 
2011/12, 
2012/13 

& 
2013/14  

 

Nasal or 
nasopharyngeal  

(PCR & Culture) 

(cycEVA) A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

2010/11 
A(H1N1)pdm09, 

2011/12 
A(H3N2), 
2012/13 

Influenza B, 
2013/14 

A(H3N2) & 

A(H1N1)pdm09 

All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Kurecic – 
Filipovic et al. 

(2015)47 

Croatia  2010/11  Not reported  
(PCR) 

495 A(H1N1)pdm09, 
Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

Martinez – 
Baz et al. 
(2015)48 

Spain  2012/13  
 

Nasopharyngeal 
and pharyngeal 

swabs  
(PCR) 

522 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza B All influenza 
Influenza B 

Skowronski et 
al. (2015)49 

Canada  2013/14  
 

Nasal/nasophary
ngeal specimens  

(PCR) 

1,700 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

Pebody et al. 
(2015)50 

UK  2014/15  
 

Not reported  
(PCR) 

2,931 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
A(H3N2) 

Influenza A 
Influenza B 

Gherasim et al. 
(2016)51 

Spain  2014/15  Not reported  
(PCR) 

5,044 A(H3N2), 
Influenza B 

A(H3N2) A(H3N2) 
Influenza B 

Fielding et al. 
(2016)52 

Australia  2015  
 

Nose/throat 
swabs  
(PCR) 

2,443 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza B All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Pebody et al. 
(2016)53 

UK  2015/16  
 

Respiratory 
samples  
(PCR) 

3,841 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

Influenza B 

Rizzo et al. 
(2016)54 

Italy  2014/15  
 

Nasal or throat 
swab  

(PCR) 

1,193 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 
& A(H3N2) 

All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Castilla et al. 
(2016)55 

Spain  2014/15  
 

Double swabs, 
nasopharyngeal 
and pharyngeal  

(PCR) 

660 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) & 
Influenza B 

All influenza 
A(H3N2) 

Influenza B 
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Redlberger – 
Fritz et al. 
(2016)56 

Austria 2014/15  
 

Nasopharyngeal 
swabs  

 
(PCR) 

815 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Thompson et 
al. (2016)57 

USA  2011/12 
& 

2012/13  
 

Nasal and throat 
specimens (or 

nasal specimens 
only for children 
aged <2 years)  

(PCR) 

1,441 
(2011/12) 

1,327 
(2012/13) 

A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) in both 
seasons 

All influenza 
A(H3N2) 

Influenza B 

Pierse et al. 
(2016)58 

New 
Zealand  

2014  
 

Nasopharyngeal 
or throat swab  

(PCR) 

1,154 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1) All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza A 
Influenza B 

Van Doorn et 
al. (2017)59 

Netherlan
ds  

2010/11, 
2011/12, 
2012/13 

& 
2013/14  

Nose and throat 
swabs  

(PCR & Culture) 

Unclear A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

2010/11 
A(H1N1)pdm09, 
2011/12, 2012/13 

& 2013/14 
A(H3N2)  

 

All influenza 

Kelly et al. 
(2016)60 

Australia  2011, 
2012 & 
2013  

Not reported  
(PCR) 

642 (2011)  
684 (2012)  
354 (2013) 

A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Not reported All influenza 

Wang et al. 
(2016)61 

China  2011/12  Nasopharyngeal 
specimen  

(PCR) 

668 Not reported Not reported All influenza 

Cowling et al. 
(2016)62 

USA 2010/11, 
2011/12 

& 
2012/13 

Nasopharyngeal, 
oropharyngeal or 

nasal swab  
(PCR) 

4,208-
2010/11 
2,164-

2011/12 
4,278-

2012/13 

A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09, 
A(H3N2) & 

influenza B in 
2010/11,  

A(H3N2) in 
2011/12, 

A(H3N2) & 
influenza B in 

2012/13 

All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Skowronski et 
al. (2016)63 

Canada 2014/15 Nasal/nasophary
ngeal specimens  

1,930 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
A(H3N2) 

Influenza B 

Zimmerman et 
al. (2016)64 

USA  2014/15  
 

Nasal and throat 
swabs (children 
aged <2 years 
provided nasal 

swabs only)  
(PCR) 

9,311 A(H3N2), 
Influenza B 

A(H3N2) All influenza 
A(H3N2) 

Gaglani et al. 
(2016)65 

USA  2013/14  
 

Combined nose 
and throat swab 
specimens (nose 
swab specimen 

were only 

obtained from 
children aged <2 

years)  
(PCR) 

5,637 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 A(H1N1)pdm09 
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Valenciano et 
al. (2016)66 

Europe 2014/15 Nasopharyngeal 
specimens  

(PCR) 

6,524 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) A(H1N1)pdm09 
A(H3N2) 

Influenza B 

McAnerney et 
al. (2017)67 

South 
Africa  

2015  
 

Throat and/or 
nasal swabs  

(PCR) 

899 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Darvishian et 

al. (2017)68 

Netherlan

ds  

2010/11, 

2011/12 
& 

2012/13  
 

Throat swab and 

nose swab  
(PCR) 

Not reported A(H1N1)pdm09, 

A(H3N2), 
Influenza B 

A(H3N2) in 

2011/12,  
Influenza B in 

2012/13,  
A(H3N2) in 

2013/14, 
 Influenza B in 

2010/11 

All influenza 

A(H1N1)pdm09 
A(H3N2) 

Influenza B 

Ma et al. 
(2017)69 

China 2014/15 
 

Oral pharyngeal 
swab 

(PCR) 

9,297 A(H3N2), 
Influenza B 

A(H3N2) All influenza  
A(H3N2)  

Influenza B 

Pebody et al. 
(2017)70 

UK  2016/17 
 

Not reported  
(PCR) 

2,881 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) All influenza 
Influenza A 
A(H3N2)  

Influenza B 

Skowronski et 
al. (2017)71 

Canada 2015/16 
 

Nasal/nasophary
ngeal swab 

(PCR) 

2,008 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
Influenza A 

A(H1N1)pdm09 
A(H3N2) 

Influenza B 

Jackson et al. 
(2017)72 

USA 2015/16 
 

Nasal/oropharyn
geal swab 

(PCR) 

6,879 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Gherasim et al. 

(2017)73 

Spain 2015/16 Not reported  

(PCR & Culture) 

661 A(H1N1)pdm09, 

Influenza B 

Influenza B A(H1N1)pdm09 

Influenza B 

Stein et al. 
(2018)74 

Israel 2016/17 Nasal-throat 
swab 

(PCR) 

1,088 A(H1N1)pdm09, 
A(H3N2)A, 
Influenza B 

A(H3N2) A(H3N2) 

Yaron-Yakoby 
et al. (2018)75 

Israel 2014/15  
 

Nose and throat 
swabs 
(PCR) 

1,005 
(2014/15) 

1,658 
(2015/16) 

A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H3N2) in 
2014/15, 

A(H1N1)pdm09 
& Influenza B in 

2015/16 

All influenza 
and A(H3N2) in 

2014/15 
All influenza, 

A(H1N1)pdm09 
and Influenza B 

in 2015/16 

Poehling et al. 
(2018)76 

USA 2015/16 
 

Nasal swab 
(PCR) 

1,012 A(H1N1)pdm09, 
Influenza B 

A(H1N1)pdm09 All influenza 
A(H1N1)pdm09 

Influenza B 

Valenciano et 
al. (2018)77 

Europe 2011/12 – 
2016/17  

 

Nasopharyngeal 
swab  

(PCR) 

Not clear A(H1N1)pdm09, 
Influenza B 
(2015/16) 
A(H3N2) 
(2016/17) 

A(H3N2) A(H1N1)pdm09 
A(H3N2) 

Influenza B 
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Hekimoglu et 
al. (2018)78 

Turkey 2014/15 
 

Nasal, 
nasopharyngeal, 
throat, nasal plus 

throat, 
nasopharyngeal 
plus throat, nasal 

plus 

nasopharyngeal 
(PCR) 

2,561 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

Influenza B All influenza 
A(H1N1)pdm09 

A(H3N2) 
Influenza B 

Kissling et al. 
(2018)79 

Europe 2015/16 
 

Nasopharyngeal 
or combined 

nasopharyngeal 
& oropharyngeal 

specimens  
(PCR) 

11,430 A(H1N1)pdm09, 
A(H3N2), 

Influenza B 

A(H1N1)pdm09 
& Influenza B 

A(H1N1)pdm09 
Influenza B 

 

 

Pooled adjusted VE by method of confirmation of vaccination status 

 

Although not statistically significant, we observed a 10% higher pooled VE against 

A(H1N1)pdm09 (p=0.191), 7% against A(H3N2) (p=0.626), and 5% against both influenza B 

(p=0.529) and all influenza (p=0.554) (Figure 17), for self-reported vaccination compared with 

medical records vaccination confirmation (Table 8). Almost all of the studies with self-reported 

vaccination were, however, from one research group in Canada. More of the studies with self-

reported vaccination compared with those with medical records vaccination confirmation 

adjusted for both age and medical conditions. 0% (for A(H1N1)pdm09), 20% (for A(H3N2), and 

influenza B) and 14% (for all influenza) of the studies with self-reported vaccination were from 

seasons in which vaccine virus strains were antigenically dissimilar to the circulating strains. In 

contrast, 8.3% (for A(H1N1)pdm09), 30.8% (for A(H3N2)), 23.1% (for influenza B) and 16% 

(for all influenza) of the studies with medical records vaccination confirmation were from 

seasons in which vaccine virus strains were antigenically dissimilar. Similar observations were 

made against A(H1N1)pdm09 in 18 to 49 year-olds and against all influenza in ≥65 year-olds 

(Appendix 15). 
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Figure 17: Forest plot of adjusted VE against all influenza by confirmation of vaccination status. 

 

VE = vaccine effectiveness; CI = confidence interval 
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Table 8: Pooled adjusted VE for all study participants irrespective of age (for study 3). 

Influenza types and subtypes 

Analysed subgroups 

Number 

of 

studies 

Pooled VE across all 

seasons (95% CI) 

I-squared 

statistic (%) 

Publication bias 

(Egger’s test p-value) 

A(H1N1)pdm09 

Vaccination status: Medical records 24 52 (45-58) 32.7 0.031 

Vaccination status: Self-reported 6 62 (46-73) 55.0 N/A 

Respiratory specimen swab: ≤7 days 39 54 (49-58) 39.5 0.022 

Respiratory specimen swab: ≤4 days 7 59 (47-69) 0.0 N/A 

Adjusted age 26 57 (51-63) 32.1 0.034 

Adjusted age & medical conditions 20 53 (46-59) 43.6 0.148 

A(H3N2) 

Vaccination status: Medical records 26 25 (15-34) 55.0 0.988 

Vaccination status: Self-reported 5 32 (-0-53) 76.9 N/A 

Respiratory specimen swab: ≤7 days 35 28 (22-34) 57.5 0.301 

Respiratory specimen swab: ≤4 days 8 18 (-26-47) 63.3 N/A 

Adjusted age 23 34 (28-40) 11.5 0.794 

Adjusted age & medical conditions 20 21 (10-30) 70.5 0.997 

Influenza B 

Vaccination status: Medical records 26 43 (31-52) 70.3 0.701 

Vaccination status: Self-reported 5 48 (36-59) 28.2 N/A 

Respiratory specimen swab: ≤7 days 33 48 (43-53) 28.2 0.974 

Respiratory specimen swab: ≤4 days 10 38 (4-60) 77.5 0.070 

Adjusted age 22 50 (44-56) 26.5 0.893 

Adjusted age & medical conditions 21 40 (27-51) 70.7 0.252 

All influenza 

Vaccination status: Medical records 39 43 (35-49) 75.3 0.807 

Vaccination status: Self-reported 7 48 (31-61) 84.5 N/A 

Respiratory specimen swab: ≤7 days 56 46 (41-51) 70.6 0.152 

Respiratory specimen swab: ≤4 days 12 38 (15-55) 77.3 0.009 

Adjusted age 32 47 (42-52) 56.5 0.477 
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Adjusted age & medical conditions 37 43 (34-51) 79.8 0.184 

 

VE = vaccine effectiveness; CI = confidence interval; N/A = not applicable 

 
 

Pooled adjusted VE by timing of respiratory specimen swab collection 

 

Despite a lack of statistical significance, we observed a 10% higher pooled adjusted VE against 

A(H3N2) (p=0.596) and influenza B (p=0.491), and 8% against all influenza (p=0.447) (Figure 

18), for swab collection ≤7 days compared with ≤4 days of symptom onset (Table 8). In 

contrast, a 5% higher pooled adjusted VE was observed against the A(H1N1)pdm09 (p=0.410) 

for swab collection ≤4 days compared with swab collection ≤7 days of symptom onset. There 

was no meaningful difference between studies with swab collection ≤7 days and ≤4 days with 

regards to adjustment for both age and medical conditions in their analyses. 15% (for influenza 

B) and 18.5% (for all influenza) of the studies with swab collection ≤7 days were, however, from 

seasons in which vaccine virus strains were antigenically dissimilar to the circulating strains. In 

contrast, 22.2% (for influenza B) and 27.3% (for all influenza) of the studies with swab 

collection ≤4 days were from seasons in which vaccine virus strains were antigenically 

dissimilar. Similarly, 5% (for A(H1N1)pdm09) of the studies with swab collection ≤7 days were 

from seasons in which vaccine strains were antigenically dissimilar whereas 0% of the studies 

with swab collection ≤4 days were from seasons in which vaccine strains were antigenically 

dissimilar. Evidence was conflicting across age groups (Appendix 15). 
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Figure 18: Forest plot of adjusted VE against all influenza by timing of respiratory specimen 

swab collection. 

 

VE = vaccine effectiveness; CI = confidence interval 
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Pooled adjusted VE by covariate adjustment 

 

Notwithstanding a lack of statistical significance apart from for A(H3N2), we observed a 4% 

higher pooled adjusted VE against the A(H1N1)pdm09 (p=0.375), 13% against the A(H3N2) 

(p=0.029), 10% against influenza B (p=0.144), and 4% against all influenza (p=0.427) (Figure 

19), for studies that included age among the adjusted covariates compared with those that 

included both age and medical conditions (Table 8). 3.8% (for A(H1N1)pdm09), 13% (for 

A(H3N2)), 13.6% (for influenza B) and 6.7% (for all influenza) of the studies that included age 

but not medical conditions were, however, from seasons in which vaccine virus strains were 

antigenically dissimilar to the circulating strains. In contrast, 5.3% (for A(H1N1)pdm09), 36.8% 

(for A(H3N2)), 20% (for influenza B) and 30.6% (for all influenza) of the studies that included 

age and medical conditions among the adjusted covariates were from seasons in which vaccine 

virus strains were antigenically dissimilar. Evidence was conflicting across age groups 

(Appendix 15). 
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Figure 19: Forest plot of adjusted VE against all influenza by covariate adjustment. 

 

VE = vaccine effectiveness; CI = confidence interval 
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Discussion 

 

Despite a lack of statistical significance, we observed differences in pooled adjusted influenza 

VE between sources of influenza vaccination confirmation, respiratory specimen swab timing, 

and adjustments for two key confounders in study analysis. In our analysis of all study 

participants (irrespective of age), small differences were found between self-reported and 

medical record-confirmed influenza vaccinations, with higher pooled VE observed for self-

reported vaccination contrary to our expectation. However, almost all of the studies for self-

reported vaccination were conducted in Canada and by the same group of researchers. We found 

substantial differences between respiratory specimen swab time of ≤7 days and ≤4 days, with 

higher pooled VE observed for swab time of ≤7 days. We also found substantial differences 

between studies that adjusted for age, and those that adjusted for both age and medical 

conditions, with higher pooled VE observed for studies that adjusted for age. The above findings 

differed across age groups. 

Studies have found that exposure misclassification can lead to significant bias in VE 

estimation.80, 81 Self-reported vaccination is susceptible to recall and social desirability 

(individuals wanting to present a vaccine compliant image) biases, with the potential for 

vaccination status misclassification. Smedt and colleagues showed in their simulation study that 

decreased exposure sensitivity and specificity underestimate true VE when misclassification of 

exposure (vaccination status) is non-differential, but that, when misclassification is differential, 

the bias could go in either direction, with the estimated VE deviating largely from the true VE. 

Compared with vaccination confirmation from medical records, self-reported vaccination usually 

has a higher sensitivity across various populations,82, 83 but a lower specificity in some 

population subgroups.84, 85 Compared with whites, Hispanics were 2.7 times more likely to claim 
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receipt of vaccination (self-report) and, compared with younger individuals, self-reported 

influenza vaccination in the elderly had low specificity.83 The observed higher pooled adjusted 

VE for self-reported compared with medical record-confirmed influenza vaccination status in 

this review, although not expected, may be due to differential misclassification of vaccination 

status, which Smedt and colleagues showed could either inflate or underestimate the true VE. 

This becomes more plausible considering that the studies with self-reported vaccination were 

almost all from Canada and from the same research group.  Study centre influence such as 

characteristics of the study participants, participants’ recruitment strategy, and influenza testing 

may also explain our finding.  

Influenza incubation averages two days (ranging from one to four days).86 To maximise 

influenza virus detection from respiratory specimens, it is advocated that, ideally, swabs be 

collected <4 days from influenza-like symptom onset. The longer swab collection is from 

symptom onset, the less the likelihood of detecting influenza and the greater the potential for 

false negative testing. Accurate reporting of symptom onset is therefore important since a good 

TND study is predicated on patient symptom onset of ≤7 days. It will also help minimise 

outcome misclassification bias. False negative testing among the vaccinated leads to VE 

overestimation while false negative testing among the unvaccinated leads to VE being 

underestimated. The observed higher pooled adjusted VE for swab collection of ≤7 days 

compared with ≤4 days in this review may therefore be due to a higher proportion of false 

negatives among the ≤7 days swab collection group, although this is not confirmable. 

Additionally, studies that included ≤4 days swab collection possibly used more stringent swab 

collection criteria, resulting in reduced precision of VE estimation. 
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Seasonal influenza VE can vary from person to person. Various individual factors impact 

the VE,87 and two main factors (age and medical conditions) are known to play an important role 

in determining the likelihood that a vaccine will protect a person against influenza and to what 

extent. Age-dependent patterns in influenza vaccine protection have been reported from season 

to season, implicating the potential effect of age-related immune response in seasonal influenza 

VE.88 For example, VE in the elderly population is reduced because of lower seroconversion 

rates which arise due to poorer immunological response to vaccination.89 How well an individual 

responds to a vaccine may also be determined by the underlying health conditions.90 The 

observed higher pooled adjusted VE for studies that included age but not medical conditions 

compared with those that included both age and medical conditions among adjusted covariates in 

studies are in line with expectations since adjusting for both age and medical conditions is likely 

to diminish VE compared with adjusting for age.  

It is widely known that antigenic drift can markedly reduce seasonal influenza VE. For 

example, Flannery (2016) found that VE against A(H3N2) was almost zero for an antigenically 

drifted genetic group of A(H3N2) viruses, and 44% against a genetic group of A(H3N2) that 

were antigenically similar to the seasonal vaccine strains.91 This may explain the observed higher 

pooled adjusted VE in the compared subgroups with lower proportions of studies in which the 

seasonal influenza vaccine was antigenically dissimilar to the circulating virus strains. Variations 

in study design, sample size, vaccine type, and the demographic and temporal patterns 

underlying VE estimates from the included studies may also explain the variations observed in 

the pooled adjusted VE between compared groups. This, together with vaccine antigenic 

similarity with the circulating virus strains, may explain the high heterogeneity in many of the 

pooled adjusted VE. Where there were adequate numbers of studies for exploration of 
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heterogeneity using meta-regression, the available covariates tended to be highly collinear thus 

limiting the usefulness of meta-regression. Secondly, it was impossible to disentangle the effects 

of vaccine type nor the underlying patient-level variations as the analysis was conducted at 

study-level and these were not clearly reported in studies.  

To our knowledge, our review is the first to evaluate differences in VE due to source of 

influenza vaccination status, respiratory specimen swab time, and confounder adjustments in 

statistical models for analysis. Irving et al. (2009) evaluated influenza vaccination status 

determined by self-report and by a real-time vaccination registry, and found that the sensitivity 

and specificity of self-reported influenza vaccination compared with vaccination registry records 

were 95% and 90%, respectively, and that self-reported vaccination status was a sensitive and 

somewhat specific indicator of actual vaccine status, with misclassification being more common 

among young people.82 However, the study did not compare influenza VE from these two 

sources of vaccination. No reviews seem to have compared seasonal influenza VE by respiratory 

specimen swab time, and inclusion of main confounders in statistical models for analysis as we 

have done. 

Our decision to include only influenza seasons after the 2009 pandemic influenza may 

have limited the number of potentially relevant TND studies for this review. However, it allowed 

us to focus on studies conducted from when public funding of influenza vaccination increased in 

most Western jurisdictions. It should be noted that some eligible studies conducted during this 

stated period may not have been published by the time we conducted our literature search, and 

therefore not included in this review. Despite growing evidence to suggest that VE may be 

influenced by prior vaccinations,92, 93 the included studies did not report whether the study 

participants received previous season’s influenza vaccination; hence, we could not assess the 
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impact on VE estimates in our analyses. Furthermore, due to insufficient data, we could not 

examine VE against all outcomes for our subgroup analyses and for all age groups. We could 

also not separate individual study participants’ effects from study centre effects (for example, 

effectiveness of vaccine policies and programmes, participant recruitment strategy, and slight 

differences in symptom definitions), since the studies were conducted in different jurisdictions 

with potentially unique jurisdictional characteristics. Finally, we could not assess the reliability 

of reported estimates from the included studies because we could not ascertain if the studies met 

all of the assumptions that well-conducted TND studies are expected to meet to ensure that effect 

size estimates from the studies are not biased.5 Although many of the studies adjusted for age or 

age and medical conditions, there were differences in the other covariates adjusted for in the 

studies. This may have contributed to the high heterogeneity observed in some of our pooled VE 

estimates. 

Our review has many merits. We developed and registered a detailed protocol in 

PROSPERO prior to the execution of our search strategy, and we fully complied with the 

Cochrane Handbook for Systematic Reviews of Interventions guidelines throughout the review. 

We utilised the expertise of a methodologist trained in evidence synthesis literature searching to 

develop a comprehensive search strategy for the review and this was subsequently reviewed by a 

professional knowledge synthesis librarian using the PRESS checklist. We searched appropriate 

bibliographic databases for literature, and properly screened retrieved citations (against the 

eligibility), following the standards specified in the Cochrane Handbook for Systematic Reviews 

of Interventions. Where necessary, we requested additional data from the corresponding authors 

of the included studies, to ensure completeness of the analysed data. We included only studies in 

which influenza testing was conducted using the gold-standard tests (PCR or viral culture). 
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Furthermore, we examined variations in seasonal influenza VE across all clinically relevant age 

groups (<5 years, 5 to <18 years, 18 to 49 years, 50 to 64 years, and ≥65 years). We conducted 

the review to the highest expected standards, and have reported in accordance with the PRISMA 

guidelines. 

 

Conclusions 

The available evidence from TND studies conducted after the 2009 pandemic influenza is not 

strong enough to conclude that influenza VE varies by source of vaccination status, respiratory 

specimen swab time, or adjustment for age/medical conditions. However, the evidence is 

indicative that these factors should be considered while designing or evaluating influenza VE 

from this study type. There is the need for researchers to ensure that age and medical conditions 

are both adjusted for in influenza VE estimations from TND studies, while uniformity in 

covariate adjustments across studies would help reduce heterogeneity and increase precision of 

pooled VE. 
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Chapter 6. Discussion 

Summary of key findings 

Generally, there was no statistically significant difference between paired interim and final SIV 

effectiveness estimates. An inconsistent statistical model for interim and final SIV effectiveness 

estimations, and interim estimation before influenza circulation peak increased the odds of 

having a substantial difference between point interim and final estimates. Point pooled SIV 

effectiveness estimates against A(H1N1)pdm09, A(H3N2), and influenza B were higher in the 

Southern compared with Northern hemispheres, with SIV performing best (highest effectiveness 

estimate) against A(H1N1)pdm09 and worst (lowest effectiveness estimate) against A(H3N2) in 

both hemispheres and across continents. Overall, point pooled SIV effectiveness estimate 

increased from Asia, to Europe, North America, and Oceania, and declined with age in the 

Northern hemisphere. There were significantly higher pooled SIV effectiveness estimates with 

vaccine antigenically similar compared with dissimilar to circulating virus strains. SIV 

effectiveness seemingly varied by source of vaccination information (self-reported compared 

with medical records), respiratory specimen swab time relative to symptom onset (≤7 days 

compared with ≤4 days), and inclusion of age/medical conditions (inclusion of only age 

compared with both age and medical conditions) among adjusted covariates. 
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Interpretation of findings 

Interim estimates of SIV effectiveness are timely. They therefore provide early insights into SIV 

effectiveness while influenza is still circulating and help to guide SIV virus strain selection. 

However, their validity and reliability are usually questionable,172 whereas final estimates have 

advantages in terms of having a larger study sample size, more data for important covariates, 

with potentially being post peak of influenza circulation, all of which increase precision and 

reliability of the estimates. Evidence from this thesis (Chapter 3) with respect to the observed 

concordance between paired interim and final SIV effectiveness estimates may be due to the 

largely comparable sample sizes between most of the interim and matched final estimates. 

However, the stage of the epidemic during which interim estimation was made influenced having 

a substantial difference between the interim and final point estimates. A previous study reported 

similar observations although the analysed data was limited.172 This thesis involved a far larger 

(more than twice) sample size of matched pairs of interim and final estimates compared with the 

previous study: overall, 68 pairs compared with 33 pairs, representing 24 pairs compared with 12 

pairs for all influenza, 16 pairs compared with ten pairs for A(H1N1)pdm09, 20 pairs compared 

with seven pairs for A(H3N2), and eight pairs compared with four pairs for influenza B. In 

addition, this thesis attempted to address potential methodological issues with the previous study; 

for example, only the data from outpatients were included in this thesis whereas the previous 

study appeared to have included data for both outpatients and hospitalised patients, despite that 

the WHO decision-making regarding SIV composition is mostly predicated on influenza 

surveillance and SIV effectiveness in the community. Moreover, potential differences may exist 

in patient characteristics and SIV effectiveness between outpatients and hospitalised patients. 

While the aim was not to assess agreement with any previous studies, an observational study in 
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Australia using data from TND studies of SIV effectiveness from 2007 to 2012 influenza seasons 

also found that interim estimates reliably predicted final estimates and that interim estimates 

after epidemic peak may be more reliable for comparison with final estimates.179 In addition, an 

observational study from Spain also found that interim SIV effectiveness estimates from TND 

studies were good proxy for the final estimates during the 2010 to 2014 influenza seasons, with 

agreement within all assessed subpopulations and for all influenza subtypes.148 Further, just as 

observed in this thesis, the study also found that interim estimates were higher compared with the 

final estimates. 

The final estimates were generally lower than the interim estimates, with the largest 

proportion of the lower final estimates observed for the A(H3N2), which evidence suggests is the 

most drifted and antigenically mismatched of all human influenza virus subtypes/strains, and the 

lowest proportion observed for influenza B, which evidence also suggests that, relative to 

influenza A, undergoes seasonal antigenic drifting and mutation at far lower rate and therefore, 

mostly better matched with SIVs.180-183 SIV effectiveness has been reported to diminish with 

time after vaccination, suggesting that the vaccine effectiveness reduces as the influenza season 

progresses.184-187 A study from the USA concluded that the effectiveness of inactivated influenza 

vaccines diminishes within 180 days following 14 days after the vaccination,187 and another 

study also from the USA, suggested that the maximum SIV effectiveness is observed shortly 

after vaccination and that this is then followed by an absolute decline in effectiveness of about 

8% to 9% per month post vaccination, although this estimate was for hospitalised adults.184 

Among several mechanisms that have been postulated as plausible explanations for this observed 

decline in SIV effectiveness over time are effects of host factors (immune response) and changes 

in the circulating influenza strains,188,189 including antigenic drift of the influenza viruses and 
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suggested “leaky vaccine effect”; that is, that vaccine potentially provides partial protection of all 

vaccinees rather than complete protection as in some vaccines.185 However, inconsistent findings 

have also been reported,190,191 and it has been suggested that, in addition to circulating influenza 

virus strains and study population characteristics, the observed discrepancies might be due to 

differences in influenza season, climatic conditions (temperate/tropical) and study 

methodology.187 While this topic has been largely debated, it is more likely that SIV 

effectiveness declines over time, considering that hemagglutination-inhibiting antibody titres 

associated with clinical protection against influenza virus infection have been found to decline 

over time,192 and that the protection conferred by the SIV is generally known to be short-lived.  

The seasonal influenza epidemic typically occurs from November to April in the 

Northern hemisphere and from June to October in the Southern hemisphere, and SIV 

composition is usually different for the Northern and Southern hemispheres.28,193 As such, 

estimates of seasonal influenza infection and SIV effectiveness may differ between the 

hemispheres, not just because of differences in geographical and environmental factors, but 

among other potential reasons, may also be due to differences in population characteristics and 

variations in circulating influenza virus strains. Investigating SIV effectiveness between the 

Northern and Southern hemispheres is therefore important because temporal and geographical 

variability in influenza epidemiology can affect SIV effectiveness.194,195 While the temperate 

regions of the Northern and Southern hemispheres typically have distinct influenza seasonality 

patterns,196 seasonal influenza circulation is less well defined in the tropics and subtropics, with 

almost year-round influenza activity and several influenza circulation peaks.194,197 This has 

several implications for SIV effectiveness, as determining the optimal time for influenza 

vaccination is important for the effectiveness of influenza vaccination programmes in this region. 
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A study found that 25% and 39% of SIV recommendations, respectively, for the Northern and 

Southern hemispheres countries, were out of phase with peak influenza circulation in their 

corresponding hemisphere; thus, indicating that routine seasonal influenza vaccination efforts 

need tailoring to local (at least, country-specific) patterns of influenza circulation rather than 

being treated based on a country’s hemispheric position.198 These findings may partly explain the 

higher point pooled SIV effectiveness estimates against both subtypes of influenza A, the 

A(H1N1)pdm09 and A(H3N2), and against influenza B in the Southern compared with the 

Northern hemispheres as observed from this thesis (Chapter 4), considering that significantly 

fewer studies contributed to the analysis for the Southern hemisphere compared with the 

Northern hemisphere, and that these studies were mostly from one country, Australia, which 

uniquely has both tropical and temperate climates. This may also partially explain the observed 

highest overall point pooled SIV effectiveness estimate within Oceania continent, as overall 

point pooled SIV effectiveness was found to increase from Asia, to Europe, North America, and 

Oceania.  

Similar to the observations from a smaller (included 56 studies) systematic review and 

meta-analysis by Belongia and colleagues, which, although included hospitalised patients and 

data from influenza seasons during and before the 2009/10 influenza pandemic, and a few 

interim SIV effectiveness data,199 SIV was observed to perform best (highest effectiveness 

estimate) against A(H1N1)pdm09 and worst (lowest effectiveness estimate) against A(H3N2) in 

both hemispheres and across continents. Accurate matching of SIV virus strains with circulating 

influenza virus strains is one of the keys to SIV effectiveness and therefore, influenza seasons 

with mismatch between vaccine and circulating virus strains may be more prone to higher 

influenza-related population morbidity and mortality due to poor vaccine performance as the 
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2014/2015 influenza season demonstrated, especially in the Northern hemisphere.76,200 When 

compared with A(H1N1)pdm09 and influenza B, the A(H3N2) has been found to undergo more 

antigenic drifting,201,202 which may partly explain the observed lowest pooled SIV effectiveness 

against this subtype. Even so, for egg-grown SIV viruses, during incubation and production of 

the vaccine viruses, influenza viruses may undergo small mutations that alter the antigenic 

determinants of the virus, and while this is a particular problem for the influenza B lineages as 

well as for A(H3N2), the changes that occur in A(H3N2) often result in more mutations of the 

virus and therefore, these egg-adapted changes may alter antigenic integrity of the virus; thus, 

reducing vaccine effectiveness against the circulating virus strain based upon which SIV strains 

were determined.203 A study reported almost no SIV effectiveness against an antigenically 

drifted genetic group of A(H3N2), but a fairly substantial 44% vaccine effectiveness against a 

genetic group that were antigenically similar to the SIV strains; thus, elucidating the detrimental 

effect of antigenic drifting of the A(H3N2) on SIV effectiveness against the subtype.204 This is 

further supported by the observed very low SIV effectiveness during the 2014/15 influenza 

season, with widespread circulation of A(H3N2) viruses that were antigenically dissimilar from 

the A/Texas/50/2012 virus strain component of the SIVs.205-207 These explanations may also be 

responsible for the considerably higher pooled SIV effectiveness estimates that were observed 

with antigenically similar compared with dissimilar SIV with circulating virus strains. 

While much attention is often given to seasonal influenza virus-related factors that may 

affect vaccine responses and therefore, vaccine effectiveness, host-related factors are as 

important and should always be explored. Accumulating evidence suggest that host-related 

factors such as age, sex, chronic conditions, and immune history modify SIV effectiveness. 

Certain protective immune functions decline with age (immunosenescence), thus, increasing 
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susceptibility of older adults to infectious diseases and suboptimal protective immune responses 

to vaccination.208,209 It is mostly for this reason that enhanced SIVs such as adjuvanted and the 

high-dose SIVs have been developed in an attempt to enhance immunological response to 

vaccination for improved SIV effectiveness, particularly among older adults because the 

effectiveness of the traditional SIV can be suboptimal in this subpopulation.76 While a paucity of 

data did not allow for a full assessment of variability in SIV effectiveness across age groups as 

planned a priori, point pooled SIV effectiveness estimate was observed to decline with increasing 

age in the Northern hemisphere; highest among the very young and lowest among older adults, in 

line with the expectation. When compared with A(H1N1)pdm09 and influenza B, similar to the 

observations by Belongia and colleagues,199 point pooled SIV effectiveness against A(H3N2) 

was lowest in almost all age groups and geographical regions, most likely due to the more 

antigenic drifting of the A(H3N2). Nevertheless, the lowest vaccine effectiveness against 

A(H3N2) was observed among older adults, suggesting an age-related immune response effect 

and the potential impact of chronic medical conditions on immune response,210 considering that 

the prevalence of many chronic diseases increases with age.211-213 Further, while it has been 

suggested that repeated SIV may reduce vaccine effectiveness,214-216 the effects of previous 

season influenza vaccination versus immunosenescence were difficult to distinguish due to a lack 

of data, despite that older adults have the highest vaccination rates and are therefore more prone 

to repeat seasonal influenza vaccination. 

Despite a lack of statistical significance, pooled SIV effectiveness estimates with self-

reported seasonal influenza vaccination status differed from those with vaccination status derived 

from medical records (Chapter 5), with higher pooled estimates observed for self-reported 

vaccination contrary to the expectation. However, the data for self-reported vaccination were 
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almost entirely from one research group in Canada. Irrespective of approach, there are potential 

limitations to determination of seasonal influenza vaccination status in any observational study. 

Individuals could simply be asked directly or via questionnaire if they (or those in their care; for 

e.g., children) have been vaccinated, when they were, and perhaps, the type of SIV that they 

received, especially if in a region where different vaccine types are available. However, recall of 

seasonal influenza vaccination by individuals and of those in their care, can be inaccurate,123,217-

219 and it is difficult and, arguably, impossible to determine via self-reported vaccination, the SIV 

type that an individual may have received.220 In addition, individuals may feel compelled to 

conform to societal expectation, and as such, self-reported vaccination may be subject to social 

desirability bias, and therefore, potentially inflated.124,221 Even if reported correctly, self-reported 

vaccination status still requires documentation and is therefore prone to documentation errors 

and potential misclassification of vaccination status.220 On the other hand, determination of 

vaccination status of individuals could be via paper-based or electronic medical records, or 

registries, and where available, electronic registries are highly useful; however, not perfect, as it 

may be difficult to match individuals to their vaccination record and data entry errors can occur 

and lead to misclassification of vaccination status.220,222 As such, registry vaccination records 

may have high specificity, but variable sensitivity depending on the quality controls.220 When 

compared with vaccination confirmation from medical records or registries, self-reported 

vaccination is described as having a higher sensitivity in some populations,223,224 but a lower 

specificity in others.225,226 For example, when compared with Whites, it was found that Hispanics 

had 2.7 times more likelihood of claiming self-reported vaccination, and when compared with 

younger persons, self-reported influenza vaccination in the elderly had low specificity.223 

Further, a simulation study demonstrated that decreased exposure sensitivity and specificity 
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underestimated true vaccine effectiveness when misclassification of vaccination status is non-

differential, but that, when misclassification is differential, the bias could go in either direction, 

with the estimated vaccine effectiveness deviating largely from the true estimate.227 The 

observed higher pooled SIV effectiveness estimates with self-reported vaccination status may be 

due to differential misclassification of vaccination status although considering that the studies 

were mostly from the same research group in Canada, factors such as study population 

characteristics and methodological approaches unique to the research group such as patients 

recruitment and swabbing techniques may also explain the observed results. Notwithstanding 

that exposure misclassification can lead to unreliable vaccine effectiveness estimation, it was not 

possible to assess misclassification of vaccination status between influenza cases and non-cases 

across the included individual studies considering that this thesis was a secondary analysis of 

data from primary studies, and therefore, the potential influence of misclassification of 

vaccination status on the pooled estimates could not be determined. 

Although not statistically significant, pooled SIV effectiveness was observed to be higher 

with swab time of ≤7 days compared with swab time of ≤4 days. However, there are no 

published similar evidence summaries to compare this finding with. Nevertheless, to maximise 

detection of influenza virus from respiratory specimens considering the short incubation period 

for the virus,14 ideally, respiratory specimen collection needs to be within 4 days of ARI or ILI 

symptom onset although due to practical reasons, up to 7 days may be more feasible. As 

previously mentioned, influenza viral shedding could last up to 5 days,21 and it is possible that 

persons presenting >4 days following symptom onset may no longer be shedding virus and 

laboratory tests may therefore present with false negative results.120 This may explain the 

observed higher pooled SIV effectiveness with swab time of ≤7 days since the longer swab 
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collection from symptom onset, the less likelihood it is to detect the influenza virus from 

respiratory specimens and therefore, the increased likelihood of false negative testing; thus, 

potentially increasing misclassification of cases. Even though influenza confirmation was based 

on the gold standards across all included studies, swabbing techniques differed across the 

studies, and this may likely have an influence on the observed results although it is difficult to 

explain exactly how. While false negatives among vaccinated persons would likely overestimate 

SIV effectiveness and false negatives among unvaccinated person likely to underestimation SIV 

effectiveness, it was not possible to assess these across the included individual studies, and 

therefore, the potential influence of misclassification of cases on the pooled estimates could not 

be ascertained and taken into consideration. 

In addition to determining vaccination status and assessing vaccine effectiveness in 

observational studies of SIV effectiveness, data on other covariates are collected for potential 

stratification of the vaccine effectiveness estimates based on subpopulations of interest; for 

example, the very young, older adults and those with or without a chronic condition, or to control 

for potential confounders via matching at study design phase or adjustments during data analysis. 

Confounding as a result of differences in influenza risk between vaccinated and unvaccinated 

persons can greatly bias estimates of SIV effectiveness150,220,228. Evidence has shown that SIV 

effectiveness varies between persons due to certain individual factors,188 and age and chronic 

medical conditions are established strong determinants of receipt of SIV,133,229 and SIV 

effectiveness,230 and are therefore potential confounders of SIV effectiveness.231 Although not 

statistically significant, pooled SIV effectiveness estimates from studies that adjusted for age 

were observed to differ from those that adjusted for both age and medical conditions, with higher 

pooled SIV effectiveness estimates observed for those that adjusted for age but not medical 
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conditions. While acknowledging that statistical adjustments are usually limited to known and 

measured confounders and therefore residual confounding will certainly persist in observational 

outcome studies, the finding underscores the potential effect of residual confounding, as not 

adjusting for a measured or an unknown and therefore unmeasured confounder poses the threat 

of residual confounding in any assessments of associations, potentially resulting to unreliable 

effect estimations.232 Simulation studies have shown that residual confounding could bias results 

of associations between exposures and outcomes;233,234 and, as observed, adjusting for both age 

and medical conditions as should be, likely diminished SIV effectiveness when compared with 

adjusting for age alone, which potentially exaggerated the magnitude of the effect. 

The evidence from this thesis further demonstrated a paucity of matched interim and final 

SIV effectiveness estimations from national influenza surveillance studies, especially from 

Africa and Asia, and as such, the study sample size (number of paired estimates) was relatively 

small and may not be large enough to power the test of the associations that were conducted, 

resulting in wide confidence intervals (poor precisions) of the effect estimates. The evidence may 

therefore be weak. Moreover, the findings may not be generalisable considering that the 

evidence was only from Europe, North America and Oceania, and even so, with underlying 

differences in the health systems across the regions, including in influenza vaccination policies 

and programmes, SIV access, and influenza surveillance systems. The most prominent 

methodological differences between the matched pairs of estimates were in the specification of 

the statistical model for SIV effectiveness estimation, with different durations for interim and 

final estimations. Arguably, statistical models used for calculating both interim and final 

estimates should be the same and decided a priori as this would enable focusing on potential 

epidemiological causes of any significant differences that may be observed between interim and 
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final estimates such as the change in virus circulation and waning of vaccine effectiveness, rather 

than focusing on heterogeneity in the estimates as a result of differences in methodological 

approaches. However, a paucity of data on some important confounders earlier on during the 

influenza season may be an impediment and may therefore make such an optimal approach less 

feasible. Nevertheless, at minimum, there is the need for a priori establishment of a minimum set 

of variables to inform statistical models for any interim and matched final SIV effectiveness 

estimations. 
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Study limitations 

Study selection 

While the focus was on TND studies of SIV effectiveness among patients vaccinated ≥14 days 

before symptom onset and symptom onset ≤7 days in outpatient settings after the 2009/10 

influenza pandemic, some potentially eligible TND studies conducted during this specified 

period may not have been published at the time of literature search, and therefore, would not 

have been retrieved from the searched bibliographic databases. As such, there is the possibility 

that all potentially eligible studies may not have contributed to the studies in this thesis. In 

addition, literature inclusion was limited to published studies, which may mean exclusion of 

unpublished studies that could have been eligible. Nevertheless, if at all any eligible studies were 

missed, particularly, those that eventually made publication, the numbers are very likely small 

and exclusion of a small number of studies is unlikely to have changed the conclusions reached 

in this thesis, considering the large body of the included evidence. Although the pooled estimates 

may be biased if excluded unpublished data differ systematically from the included published 

data, it has been suggested that this occurs only in a minority of systematic reviews,235 especially 

those with a small body of evidence. Moreover, inclusion of unpublished data needs very careful 

considerations since the methodologies in the studies that may have produced such data have not 

been peer-reviewed and vetted; thus, they present the potential for bias. That said, there was 

almost entirely no evidence of publication bias, including in the subgroup analyses, indicating 

that patterns of findings from any excluded studies may not have differed from those of the 

included studies. In addition, influenza viruses continuously evolve, causing seasonal epidemics, 

and therefore, SIV effectiveness is assessed regularly, meaning that SIV effectiveness data will 
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continue to accumulate, allowing periodic updates on the studies that make up this thesis, and 

future assessments of whether the conclusions as reached in the studies remain. 

 

 

Gathering of the evidence 

Data extraction was not conducted separately by at least two systematic reviewers as the 

Cochrane Handbook for Systematic Reviews of Interventions guidelines recommend;174 rather, 

one systematic reviewer (the PhD candidate) extracted all data and a second systematic reviewer 

checked the extracted data for errors. Studies have found substantial errors in extracted data for 

evidence reviews when carried out by one systematic reviewer,236,237 and that data extraction 

independently by two systematic reviewers resulted in fewer errors compared with data 

extraction by one systematic reviewer and then checked by a second systematic reviewer.238 

Further, it is plausible that any potentially relevant data mistakenly omitted by one reviewer may 

not be identified by a second reviewer, if both reviewers did not conduct data extraction 

separately. Nevertheless, as the Cochrane guidelines also recommend, the first reviewer who 

conducted data extraction (the PhD candidate) is a trained and experienced knowledge synthesis 

methodologist in addition to having medical training and a good understanding of the topics of 

the reviews, and the second reviewer was well-informed about the reviews’ objectives and 

methodologies, was trained in knowledge synthesis, and also has medical training, with a good 

understanding of the topics of the reviews.174 Moreover, both reviewers first piloted the data 

extraction sheet separately before the data extraction process and, following data extraction and 

checking of the extracted data, discussed and resolved any disagreements or sought involvement 

of a third reviewer who is a content expert on the reviews’ topics (the PhD candidate’s Advisor). 

The extracted data were therefore more likely less prone to errors. 
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Quality assessment 

Despite the recommendation by the Cochrane Handbook for Systematic Reviews of 

Interventions guidelines,174 detailed study quality assessments were not possible in any of the 

reviews due to the fact that a quality assessment tool for TND studies was not available. This 

meant that the quality of the evidence was not considered in making conclusions from the 

findings from the reviews. Nevertheless, the parsimonious eligibility criteria for study inclusion 

based mostly on high quality TND study methodology limited inclusion of studies with poor 

methodologies and therefore of poor quality although efforts were still made to develop an 

improvised study quality assessment tool based on a few other identified important 

methodological elements. This enabled depiction of a few deficiencies in the methodologies of 

the included studies; however, without an overall quality assessment of the studies considering 

that the improvised quality assessment tool was not validated and therefore not judged 

appropriate for study quality assessment irrespective of how well the tool may have performed. 

 
 

Determination of covariates 

Determination of the stage of influenza circulation during which interim SIV effectiveness 

estimation was made was using reports in studies or epidemic curve reported in the studies of 

final SIV effectiveness estimation. This approach may not have been perfect considering that this 

measure was only based on the number of presenting cases at clinics; rather than the actual virus 

circulation, meaning that infected persons who did not present at clinics were not counted. It is 

however difficult to determine any error that may have arisen due to this approach and how it 

may have impacted the findings. Nevertheless, measuring the actual virus circulation is mostly 

theoretical and the approach adopted in this thesis is an acceptable proxy for determining 

influenza circulation peak and has been utilised by a previous similar study.172 The determination 
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of SIV antigenic similarity with circulating virus strains may also not be perfect considering that 

circulating influenza viruses may change during the influenza season; hence, presenting immense 

difficulties to making this important epidemiological determination. Nevertheless, even if not 

perfect, reports from the WHO national influenza centres and from region/country-specific 

centres for disease control were cautiously utilised for this purpose, and these reports included 

assessments on how well the recommended SIV compared with the circulating influenza virus 

strains in various geographical areas. As such, this approach to determining SIV antigenic 

similarity is sensible and appropriate. Further, there is no published evidence on a validated 

substantial difference between interim and final SIV effectiveness estimates. Therefore, a 10% 

difference was relied upon as being substantial in view of the 10% difference often considered as 

a “rule of thumb” for identifying the presence of confounding in epidemiological research, and 

with reference to previous literature. 

 
 

Misclassification of exposures and outcome 

Whereas influenza case determination across the included studies was solely laboratory-

confirmed using the gold standard tests and, as such, the less likelihood of wrong case 

ascertainment, case ascertainment was still prone to misclassification due to documentation 

errors. Considering that the studies in this thesis were secondary analyses of data from primary 

studies, it was not possible to determine whether any such misclassifications existed in the 

included studies and whether they would have been differential or non-differential between the 

vaccinated and the non-vaccinated persons. There was also the possibility of misclassification of 

influenza vaccination status especially considering that it was not very clear from some studies if 

information regarding influenza vaccination for the entire study participants was from medical 

records or that some were self-reported. If vaccination status was determined from medical 
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records, misclassification could have occurred due to documentation errors. However, for the 

reasons previously mentioned, it was also not possible to determine whether any such 

misclassification existed in the included studies and whether they would have been differential or 

non-differential between influenza cases and non-cases. Nevertheless, even if any 

misclassifications were non-differential, bias towards the null may not necessarily result in 

underestimations of SIV effectiveness in any such studies.239 Further, the accuracy and 

completeness of the immunization registries and health databases utilised across studies could 

not be ascertained and therefore, the likelihood of documentation errors across the 

registries/databases could not be determined. In addition, vaccination status misclassification 

bias could also not be ruled out in the studies that utilised self-reported influenza vaccination, 

considering social desirability reporting and recall biases inherent in self-reported vaccinations, 

which could easily lead to misclassification of vaccination status.123,124 Although the focus was 

on only studies with participants presenting in outpatient settings within 7 days of symptom 

onset, symptom onset was possibly also prone to recall and social desirability biases considering 

that some individuals may not have even noticed or remembered exactly when symptom(s) were 

first noticed, or may have reported very recent symptom onset to portray an immediate 

healthcare-seeking attitude. 

 

 

Data analysis 

Limiting study inclusion to TND studies after the 2009/10 influenza pandemic may have limited 

the number of paired interim/final estimates and the number of studies that contributed to the 

pooled estimates, but it enabled concentration on studies conducted from when influenza 

vaccination became increasingly publicly funded in many jurisdictions. Moreover, following the 
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2009/10 pandemic, the influenza A virus strain, the A(H1N1)pdm09 remained in circulation 

every season thereafter, and therefore, limiting to studies after the pandemic enabled assessment 

of vaccine effectiveness against this influenza A virus strain. Adequacy of study sample size is 

important as inadequacy and therefore a low statistical power (the ability to detect a true effect if 

there was one) can increase the probability that a statistically significant result may actually be a 

false positive, and even if a true positive, that the effect size may actually be exaggerated from 

the actual value.240,241 Despite this fact, sample size was not calculated for the study of the 

determinants of a substantial difference between interim and final SIV effectiveness estimates 

and, as such, it was not certain that the analyses had enough statistical power.242 Nevertheless, 

even if sample size was calculated, the number of paired interim/final SIV effectiveness 

estimates for the study was purely dependent on the available published evidence and therefore, 

nothing could have been done regarding the sample size. As Price, Carville and Sullivan noted, 

the precision of SIV effectiveness estimates depends on study sample size and the distribution of 

patient characteristics within levels of vaccination and influenza status, whereas the accuracy of 

SIV effectiveness estimates depends on the method by which the patients in the study are 

sampled.243 While sample size considerations have been advocated and various approaches 

suggested for SIV effectiveness and cost-effectiveness estimations,220,244,245 sample size 

calculations were poorly conducted and reported across the included SIV effectiveness studies, 

and as such, it was not possible to determine the adequacy of the various study samples and how 

such may have impacted the precision of the SIV effectiveness estimates from the studies. In 

addition, the accuracy of SIV effectiveness estimates were not explored although study 

participants’ sampling methods were determined and presented in tabular form as part of study 
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quality assessment; however, without pooled analysis of SIV effectiveness estimates for each 

sampling method because of perceived uncertainties in the determination. 

There were differences in the set of covariates that were adjusted for in the included 

studies although a majority adjusted for age and/or medical conditions. This may have 

contributed to the high heterogeneity observed in some of the pooled vaccine effectiveness 

estimates. Due to a paucity of data, comparison of early- and mid-season interim SIV 

effectiveness estimates separately against final estimates was not possible despite that such a 

comparison would have been insightful and would have also helped as a proxy for assessing the 

potential impact of study population size as a determinant of a substantial difference between 

interim and final SIV effectiveness estimates. A paucity of data also meant that exploration of 

potential interactions between important determinants and, subgroup analysis by influenza 

subtype/type, and season were not possible despite being planned a priori. There were 

differences in the categorization of age groups across studies, thus limiting data for age group 

analysis. A thorough examination of SIV effectiveness across all established age groups was 

therefore not possible. SIV effectiveness could not be determined and compared between vaccine 

types because vaccine effectiveness was hardly reported by vaccine type across studies despite 

that the SIV types are different and that vaccine effectiveness is not equivalent for all vaccine 

types. Studies did not report prior seasonal influenza vaccinations so it was not possible to assess 

the impact on SIV effectiveness, despite growing evidence to suggest that SIV effectiveness may 

be influenced by prior seasonal influenza vaccinations.246,247 While adjustments were made for 

potential confounders as appropriately determined using a DAG, some established predictors of a 

substantial difference between interim and final SIV effectiveness estimates were not available in 

the dataset and therefore not considered in the models even if suggested by the DAG. This posed 
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the potential for residual confounding in the analyses. Even so, any unknown and therefore not 

measured determinant of a significant difference may have also confounded the analyses. 

 
 

Study merits 

These limitations notwithstanding, there are some merits in this thesis. As per the expected 

standards, the literature search strategies for the studies were developed appropriately and peer-

reviewed by a knowledge synthesis librarian using the PRESS checklist,177 and literature search 

was detailed. This approach strengthened identification of potentially relevant literature for 

inclusion. Moreover, no language limitation was applied to the literature search and study 

selection, and as such, the reviews were comprehensive. Known guidelines and standards were 

followed in the conduct and reporting of the studies, with important subgroup analyses 

conducted. The findings provide useful insights and an evidence-base that could aid public health 

decision-making and practice regarding influenza prevention and control. 
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Implications of the findings for policy, planning and practice 

Influenza viruses continuously undergo small mutations that alter the antigenic determinants of 

the viruses, necessitating vaccine redevelopment and redeployment each influenza season,30,35 

and constant influenza infection surveillance, vaccine effectiveness estimations, and vaccination 

programme assessments. As such, conceptual public health objectives such as disease 

elimination or eradication may never be possible with influenza even though some scientists 

have loftier ambitions and believe that the threat of influenza could be eradicated.248 For now, 

public health interventions must focus on influenza prevention/control and reductions in 

influenza-associated hospitalisations and mortalities.249-251 Concordance between interim and 

final SIV effectiveness estimates, and variations in SIV effectiveness have several implications 

for global influenza policy, SIV development, influenza surveillance practices and approaches to 

SIV effectiveness assessment. 

This thesis suggests concordance between interim and final SIV effectiveness estimates; 

thus, providing evidence of potential sufficiency of interim SIV effectiveness estimates for SIV 

composition decision-making by the WHO. The thesis also provides a strong evidence base for 

variability in SIV effectiveness across geographical regions, age groups, and levels of VAS, and 

some evidence in support of potential variability in SIV effectiveness due to source of influenza 

vaccination status, respiratory specimen swab timing relative to symptom onset, and covariate 

adjustments in SIV effectiveness estimations. However, methodological approaches to SIV 

effectiveness assessment differed considerably across the surveillance studies from difference 

jurisdictions, suggesting the need for a global policy with clear recommendations on influenza 

surveillance planning and practices to support uniformity in SIV effectiveness assessments 

across jurisdictions. There is therefore the need for the GISRS unit of the WHO to recommend a 
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uniform approach to influenza surveillance and SIV effectiveness assessments, and to strictly 

require SIV assessments according to SIV type; at least, across the WHO Collaborating Centres 

for Reference and Research on Influenza, considering that SIV recommendations differ between 

the Northern and Southern hemispheres and vaccine type may differ across jurisdictions.28 

Moreover, influenza surveillance and SIV effectiveness estimates from the WHO centres inform 

SIV composition decision-making globally. Perhaps, success in developing an effective, safe and 

acceptable universal influenza vaccine might help navigate around this issue.248,252,253 

Standardization of methodological approaches in TND studies of SIV effectiveness 

estimation, for example, of study participants recruitment and respiratory specimen swab 

collection and timing, could help increase the robustness and accuracy of estimates.243 There is 

also the need for a standardized grouping of age in analyses and reporting of vaccine 

effectiveness by socioeconomic and health statuses, as this would provide more insights and help 

in comparisons of vaccine effectiveness estimates across studies. 
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Recommendations for future research 

This thesis addresses important gaps in knowledge by demonstrating that interim SIV 

effectiveness estimates seem sufficient for SIV composition decision-making by the WHO and 

providing useful insights that aid understanding of the variability in SIV effectiveness across 

geographical regions, age groups, levels of VAS, and some study methods. The thesis also 

reveals some weaknesses and missing information in the evidence base, elucidating some 

unanswered questions to guide future research. 

Although interim SIV effectiveness estimates seemed sufficient for SIV composition 

decision-making, the evidence base was somewhat limited and, as such, future reassessment with 

additional evidence may be needed for a stronger and more robust evidence base. An outstanding 

question that could not be addressed by this thesis due to a lack of data is concordance between 

early-season and end-season SIV effectiveness estimates by SIV type, and variations in SIV 

effectiveness also by SIV type. This is highly necessary since effectiveness may not be 

equivalent for the SIV types.254 

Non-uniformity in some key methodological approaches and analyses across the studies 

included in the reviews also limited very important assessments of variations in vaccine 

effectiveness; for example, non-uniformity in categorizations for age and respiratory specimen 

swab time, and sets of covariates adjustments, which meant the exclusion and therefore loss of 

vital data that could have aided some of the analyses. These outstanding deficiencies and 

limitations in the evidence base call for standardization of SIV effectiveness estimation, which 

would inform the much-needed consensus to guide future research for a more robust evidence 

base.  Further, the observed paucity of studies on SIV effectiveness from the Southern 
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hemisphere calls for more influenza research in countries from this region, as this would provide 

more insights that could aid influenza prevention and control in the region. 

 

Conclusions 

Evidence from TND studies of SIV effectiveness in outpatients after the 2009/10 influenza 

pandemic is indicative that interim SIV effectiveness estimates are likely sufficient for SIV 

composition decision-making by the WHO. While the evidence is strongly indicative of 

variability in SIV effectiveness across geographical regions, age groups, and levels of VAS, the 

evidence for variability in SIV effectiveness across sources of vaccination status determination, 

respiratory specimen swab timing relative to symptom onset, and covariates adjustments in 

effectiveness estimations is weak. However, it is suggestive that these factors ought to be 

considered when designing, evaluating or comparing data from TND studies. Consistent patterns 

appeared to exist in vaccine effectiveness within and across geographical regions, age groups, 

and levels of VAS, with the best vaccine performance against A(H1N1)pdm09 and when 

antigenically similar to circulating virus strains, and the worst vaccine performance against 

A(H3N2) and when antigenically dissimilar, with vaccine effectiveness generally reduced with 

age. A uniform methodological approach to assessing SIV effectiveness is needed to enable more 

appropriate comparisons of estimates and for a stronger evidence base. 
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Appendices 

Group A: Supplementary information for Chapter 2 

Appendix 1: The literature search strategy for Ovid MEDLINE(R) and Epub Ahead of Print, In-

Process & Other Non-Indexed Citations and Daily <1946 to Search date>. 

No

. 
Searches 

1 persons.mp. or Persons/ 

2 patients.mp. or Patients/ 

3 (infant* or child* or paediatr* or pediatr* or preschool or juvenile* or adolescen* or 

young* or student* or adult* or elder* or old* or geriatr* or person* or subject* or 

individual* or patient* or people or boy* or girl* or male* or female* or men or women 

or health* or ill* or risk).mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, 

rare disease supplementary concept word, unique identifier, synonyms] 

4 1 or 2 or 3 

5 influenza vaccine.mp. or Influenza Vaccines/ 

6 (seasonal or flu-vaccine* or influenza-vaccine* or (flu and vaccine*) or (influenza and 

vaccine*) or trivalent or quadrivalent or inactivated or (life and attenuated*) or 

adjuvant* or recombinant or IIV or RIV or LAIV or Fluzone or Flulaval or Fluarix or 

Afluria or Flucelvax or Fluvirin or Fluad or Flublok or FluMist or Fluenz* or Focetria 

or Foclivia or IDflu or Intanza or Daronrix or Prepandrix or Aflunov or 

intradermal).mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] 

7 5 or 6 

8 (unvaccin* or (no and vaccin*) or (no and influenza and vaccin*) or (no and flu and 

vaccin*)).mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] 

9 polymerase chain reaction.mp. or Polymerase Chain Reaction/ 

10 (influenza or flu or infect* or H1N1 or H3N2 or (influenza and A) or (influenza and 

B)).mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] 

11 9 or 10 

12 4 and 7 and 8 and 11 

13 interim estimate*.mp. 

14 12 or 13 

15 limit 14 to (humans and yr="2011 – Current") 
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Appendix 2: Code for the directed acyclic graphs in DAGitty (http://www.dagitty.net/). 

dag { 

"A-Drift" [pos="-0.652,-1.688"] 

"Change-VE" [outcome,pos="1.400,1.621"] 

"Epi-Stage" [pos="0.991,-0.777"] 

"Flu-type" [pos="-1.447,-0.907"] 

"Interim-Proportion" [pos="-1.471,1.015"] 

"Model-C" [exposure,pos="-2.200,1.597"] 

"Sample-Size" [pos="-0.536,0.900"] 

Region [pos="-2.203,-1.182"] 

Season [pos="-1.878,0.141"] 

Severity [pos="0.216,-0.994"] 

"A-Drift" -> "Change-VE" 

"A-Drift" -> Severity 

"Epi-Stage" -> "Change-VE" 

"Epi-Stage" -> "Interim-Proportion" 

"Epi-Stage" -> "Sample-Size" 

"Flu-type" -> "A-Drift" 

"Flu-type" -> "Change-VE" 

"Flu-type" -> Severity 

"Interim-Proportion" -> "Change-VE" 

"Model-C" -> "Change-VE" 

"Sample-Size" -> "Change-VE" 

"Sample-Size" -> "Interim-Proportion" 

Region -> "A-Drift" 

Region -> "Change-VE" 

Region -> "Flu-type" 

Region -> "Model-C" 

Season -> "A-Drift" 

Season -> "Change-VE" 

Season -> "Epi-Stage" 

Season -> "Flu-type" 

Season -> Severity 

Severity -> "Change-VE" 

Severity -> "Sample-Size" 

} 
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Group B: Supplementary information for Chapter 3 

Appendix 3: Number (%) of paired interim/final adjusted VE estimates across levels of assessed 

variables and ≥5% difference between interim and final adjusted VE point estimates. 

 ≥5% difference 

Yes No 
 (N=53) (N=15) 

Inconsistency in statistical model 

Consistent model 24 (45.3%) 11 (73.3%) 

Inconsistent model 29 (54.7%) 4 (26.7%) 

Epidemic stage during interim VE estimation 

Pre-peak 33 (62.3%) 6 (40.0%) 

Peak/Post-peak 20 (37.7%) 9 (60.0%) 

Proportion of interim VE patient population 

Within one-third 5 (9.4%) 3 (20.0%) 

Between one-third and two-thirds 32 (60.4%) 8 (53.3%) 

More than two-thirds 12 (22.6%) 3 (20.0%) 

Unknown 4 (7.5%) 1 (6.7%) 

Geographical region 

Northern 49 (92.5%) 14 (93.3%) 

Southern 4 (7.5%) 1 (6.7%) 

Country 

Australia 2 (3.8%) 1 (6.7%) 

Austria 4 (7.5%) 0 (0.0%) 

Canada 5 (9.4%) 3 (20.0%) 

Europe (I-MOVE) 8 (15.1%) 2 (13.3%) 

New Zealand 2 (3.8%) 0 (0.0%) 

Spain 13 (24.5%) 3 (20.0%) 

UK 9 (17.0%) 2 (13.3%) 

USA 10 (18.9%) 4 (26.7%) 

Influenza type/subtypes 

All influenza 18 (34.0%) 6 (40.0%) 

A(H1N1)pdm09 12 (22.6%) 4 (26.7%) 

A(H3N2) 16 (30.2%) 4 (26.7%) 

Influenza B 7 (13.2%) 1 (6.7%) 

Influenza season 

2010/11 3 (5.7%) 3 (20.0%) 

2011/12 6 (11.3%) 0 (0.0%) 

2012/13 9 (17.0%) 5 (33.3%) 

2013/14 3 (5.7%) 2 (13.3%) 

2014/15 14 (26.4%) 1 (6.7%) 

2015/16 4 (7.5%) 0 (0.0%) 

2016/17 4 (7.5%) 0 (0.0%) 

2017/18 7 (13.2%) 3 (20.0%) 

2018/19 3 (5.7%) 1 (6.7%) 
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VE = vaccine effectiveness; UK = United Kingdom; USA = United States of America; i-MOVE = Influenza-

Monitoring Vaccine Effectiveness in Europe 
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Appendix 4: Number (%) of paired interim/final adjusted VE estimates across levels of assessed 

variables and ≥20% difference between interim and final adjusted VE point estimates. 

 ≥20% difference 

Yes No 
 (N=16) (N=52) 

Inconsistency in statistical model 

Consistent model 4 (25.0%) 31 (59.6%) 

Inconsistent model 12 (75.0%) 21 (40.4%) 

Epidemic stage during interim VE estimation 

Pre-peak 12 (75.0%) 27 (51.9%) 

Peak/Post-peak 4 (25.0%) 25 (48.1%) 

Proportion of interim VE patient population 

Within one-third 2 (12.5%) 6 (11.5%) 

Between one-third and two-thirds 10 (62.5%) 30 (57.7%) 

More than two-thirds 3 (18.8%) 12 (23.1%) 

Unknown 1 (6.3%) 4 (7.7%) 

Geographical region 

Northern 16 (100.0%) 47 (90.4%) 

Southern 0 (0.0%) 5 (9.6%) 

Country 

Australia 0 (0.0%) 3 (5.8%) 

Austria 3 (18.8%) 1 (1.9%) 

Canada 1 (6.3%) 7 (13.5%) 

Europe (I-MOVE) 2 (12.5%) 8 (15.4%) 

New Zealand 0 (0.0%) 2 (3.8%) 

Spain 5 (31.3%) 11 (21.2%) 

UK 3 (18.8%) 8 (15.4%) 

USA 2 (12.5%) 12 (23.1%) 

Influenza type/subtypes 

All influenza 4 (25.0%) 20 (38.5%) 

A(H1N1)pdm09 2 (12.5%) 14 (26.9%) 

A(H3N2) 6 (37.5%) 14 (26.9%) 

Influenza B 4 (25.0%) 4 (7.7%) 

Influenza season 

2010/11 0 (0.0%) 6 (11.5%) 

2011/12 0 (0.0%) 6 (11.5%) 

2012/13 2 (12.5%) 12 (23.1%) 

2013/14 1 (6.3%) 4 (7.7%) 

2014/15 8 (50.0%) 7 (13.5%) 

2015/16 1 (6.3%) 3 (5.8%) 

2016/17 1 (6.3%) 3 (5.8%) 

2017/18 2 (12.5%) 8 (15.4%) 

2018/19 1 (6.3%) 3 (5.8%) 

 
VE = vaccine effectiveness; UK = United Kingdom; USA = United States of America; i-MOVE = Influenza-

Monitoring Vaccine Effectiveness in Europe 
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Appendix 5: Number (%) of paired interim/final adjusted VE estimates by levels of assessed 

variables and estimation of adjusted VE (underestimation versus overestimation). 

 Underestimation of VE 

 Yes No 
 (N=22) (N=46) 

Inconsistency in statistical model 

Consistent model 15 (68.2%) 20 (43.5%) 

Inconsistent model 7 (31.8%) 26 (56.5%) 

Epidemic stage during interim VE estimation 

Pre-peak 14 (63.6%) 25 (54.3%) 

Peak/Post-peak 8 (36.4%) 21 (45.7%) 

Proportion of interim VE patient population 

Within one-third 2 (9.1%) 6 (13.0%) 

Between one-third and two-thirds 12 (54.5%) 28 (60.9%) 

More than two-thirds 6 (27.3%) 9 (19.6%) 

Unknown 2 (9.1%) 3 (6.5%) 

Geographical region 

Northern 21 (95.5%) 42 (91.3%) 

Southern 1 (4.5%) 4 (8.7%) 

Country 

Australia 1 (4.5%) 2 (4.3%) 

Austria 4 (18.2%) 0 (0.0%) 

Canada 1 (4.5%) 7 (15.2%) 

Europe (I-MOVE) 4 (18.2%) 6 (13.0%) 

New Zealand 0 (0.0%) 2 (4.3%) 

Spain 3 (13.6%) 13 (28.3%) 

UK 7 (31.8%) 4 (8.7%) 

USA 2 (9.1%) 12 (26.1%) 

Influenza type/subtypes 

All influenza 9 (40.9%) 15 (32.6%) 

A(H1N1)pdm09 4 (18.2%) 12 (26.1%) 

A(H3N2) 5 (22.7%) 15 (32.6%) 

Influenza B 4 (18.2%) 4 (8.7%) 

Influenza season 

2010/11 2 (9.1%) 4 (8.7%) 

2011/12 2 (9.1%) 4 (8.7%) 

2012/13 3 (13.6%) 11 (23.9%) 

2013/14 1 (4.5%) 4 (8.7%) 

2014/15 7 (31.8%) 8 (17.4%) 

2015/16 2 (9.1%) 2 (4.3%) 

2016/17 0 (0.0%) 4 (8.7%) 

2017/18 5 (22.7%) 5 (10.9%) 

2018/19 0 (0.0%) 4 (8.7%) 

VE = vaccine effectiveness; UK = United Kingdom; USA = United States of America; i-MOVE = Influenza-

Monitoring Vaccine Effectiveness in Europe 
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Appendix 6: Logistic regression model of ≥5% and ≥20% difference between paired interim and 

final adjusted VE point estimates (N = 68). 

Variables 
ΔVE ≥5% ΔVE ≥20% 

OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) 

Inconsistency in 

statistical model  

(Yes or No)a 

3.3 (0.9 – 11.8) 3.3 (0.9 – 11.9) 4.4 (1.3 – 15.6) 4.4 (1.2 – 15.8) 

Epidemic stage of 

interim VE estimation 

(Pre- or peak/post-
peak)b 

0.4 (0.1 – 1.3) 0.2 (0.1 – 1.0) 0.4 (0.1 – 1.3) 0.3 (0.1 – 1.5) 

Region (Hemisphere)c 1.1 (0.1 – 11.1) 1.1 (0.1 – 11.1) 1.0 1.0 

 
VE = vaccine effectiveness; ΔVE = change in vaccine effectiveness; OR = crude odds ratio; aOR = adjusted odds 

ratio; CI = confidence interval; a = adjusted for region; b = adjusted for season; c = no adjustment needed; NA = not 

applicable; Bold results = statistically significant. 
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Appendix 7: Logistic regression model of underestimation and overestimation of final adjusted 

VE with respect to the paired interim adjusted VE (N = 68). 

Variables 
Underestimation of final VE Overestimation of final VE 

OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) 

Inconsistency in 

statistical model  

(Yes or No)a 

0.4 (0.1 – 1.0) 0.4 (0.1 – 1.0) 2.8 (1.0 – 8.1) 2.9 (1.0 – 8.4) 

Epidemic stage of 

interim VE estimation 

(Pre- or peak/post-peak)b 

0.7 (0.2 – 1.9) 0.7 (0.2 – 2.2) 1.5 (0.5 – 4.2) 1.5 (0.5 – 5.0) 

Region (Hemisphere)c 0.5 (0.1 – 4.8) 0.5 (0.1 – 4.8) 2.0 (0.2 – 19.0) 2.0 (0.2 – 19.0) 

 
VE = vaccine effectiveness; OR = crude odds ratio; aOR = adjusted odds ratio; CI = confidence interval; a = 

adjusted for region; b = adjusted for season; c = no adjustment needed; NA = not applicable; Bold results = 

statistically significant. 
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Group C: Supplementary information for Chapter 4 

Appendix 8: Information guiding de-duplication of results from countries with more than one 

result for an influenza season. 

USA 

 Public 
health 

jurisdictions 
from which 

data were 
collected 

Cowling 2016 McLean 
2015 

Ohmit 2014 Treanor 2012 Bateman 2013 

Florida; Iowa; 
Minnesota; North 

Dakota; Oregon; 
Wisconsin; New York 
City; New Jersey; 
Virginia; Los Angeles; 
Philadelphia; Utah; 
Texas. N = 13 

Wisconsin  
Michigan 

(Ann Arbor 
& Detroit) 
Texas 
(Temple-
Belton)  
Washington 
(Seattle) 
Pennsylvani
a 

(Pittsburgh) 
(N = 5) 

Wisconsin  
Michigan (Ann 

Arbor & 
Detroit) 
Texas (Temple-
Belton)  
Washington 
(Seattle) 
Pennsylvania 
(Pittsburgh) 
(N = 5) 

Wisconsin  
Michigan (Ann 

Arbor & 
Detroit) 
New York 
(Rochester) 
Tennessee 
(Nashville) 
N = 4 

Wisconsin.  
N = 1 

Spain 

 
Public health 
jurisdictions 
from which 
data were 
collected 

Jimenez-
Jorge 2012 

Jimenez-
Jorge 
2013 

Jimenez-
Jorge 2015 

Martinez
-Baz 
2015 

Jimenez
-Jorge 
2015a&
b 

Savulescu 
2014 

Castilla 
2013 

Gherasin 
2014a&b 

Martinez
-Baz 
2013 

Eight of the 
17 sentinel 
regions 
N = 8 

Seven of 
the 17 
sentinel 
regions 

N = 7 

All 17 
sentinel 
regions 
N = 17 

 

Region 
of 
Navarra 
N = 1 

All 17 
sentinel 
regions 
N = 17 

 

All 17 
sentinel 
regions 
N = 17 

Region 
of 
Navarra 
N = 1 

Six of the 
17 
sentinel 
regions N 

= 6 

Region 
of 
Navarra 
N = 1 

Australia 

 
Public health 
jurisdictions 
from which 
data were 

collected 

Regan 
2019 

Carville 
2015 

Kelly 
2016 

Sullivan 
2014 

Levy 2014 Kelly 2013 Sullivan 
2013 

Fielding 
2016 

Fielding 
2012 

ASPREN, 
SPNWA & 

VicSPIN in 
2016; 
Western 
Australia in 
2012,13,14 
& 15 

Victoria Victoria ASPREN Western 
Australia 

Metropolitan 
Melbourne 

and regional 
Victoria 

Victoria ASPREN,  
SPNWA 

& 
VicSPIN 

Victoria 

 

ASPREN = Australian Sentinel Practices Research Network; SPNWA = Sentinel Practitioners Network of Western 

Australia; VicSPIN = Victorian Sentinel Practice Influenza Network 
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Appendix 9: The specific age ranges included in each of the a priori determined age categories 

for pooled adjusted VE by age. 

Age group Consists of results reported for: 

Patients under 5 years 6–35months; 6months–4 years; 2–4 years; <5 years 

Patients 5 to 17 years 5–14 years; 5–17 years; 6–17 years; 7–17 years; 9–17 years 

Patients 18 to 49 years 18–44 years; 18–49 years; 20–49 years 

Patients 50 to 64 years 50–64 years; 55–64 years 

Patients 65 years or more >64 years; ≥65 years 
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Appendix 10: Geographical mapping of the included articles. 
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Appendix 11: Improvised quality assessment of the included studies based on three potentially 

relevant study characteristics. 

Published article Country 

Patient 

recruitment 

Influenza 

vaccination 

confirmation 

Whether age and/or 

comorbidity among 

covariates adjusted 

in logistic regression 

analysis 

Andrews 2014 UK  Systematic Medical records Age 

Bateman 2013 USA   Consecutive Medical records Yes 

Carville 2015 Australia  Systematic Medical records Age 

Castilla 2013 Spain  Consecutive Medical records Yes 

Castilla 2016 Spain   Consecutive Medical records Yes 

Castilla 2020 Spain  Consecutive Medical records Yes 

Chan 2019 Hong Kong  Consecutive Self-reported Yes 

Chon 2019 Japan  Consecutive Not specified Age 

Cowling 2016 USA Systematic Mixed methods Age 

Darvishian 2017 Netherlands  Systematic Mixed methods Yes 

Englund 2013 Germany  Systematic Mixed methods Yes 

Fielding 2012 Australia  Systematic Medical records Comorbidity 

Fielding 2016 Australia  Systematic Medical records Age 

Flannery 2019 USA  Consecutive Mixed methods Yes 

Flannery 2020 USA  Consecutive Mixed methods Age 

Gaglani 2016 USA   Consecutive Mixed methods Yes 

Gherasim 2016 Spain  Systematic Medical records Yes 

Gherasim 2017 Spain Systematic Medical records Yes 

Hekimoglu 2018 Turkey Consecutive Medical records Age 

Helmeke 2015 Germany  Systematic Medical records Age 

Jackson 2017 USA Consecutive Medical records Age 

Jimenez-Jorge 2012 Spain Systematic Medical records Age 

Jimenez-Jorge 2013 Spain Systematic Medical records Age 

Jimenez-Jorge 2015 Spain  Systematic Medical records Age 

Jimenez-Jorge 2015 Spain Systematic Medical records Age 

Kelly 2013 Australia Consecutive Medical records Age 

Kelly 2016 Australia  Systematic Medical records Yes 

Kurecic-Filipovic 2015 Croatia  Systematic Medical records Yes 

Levy 2014 Australia  Systematic Medical records Age 

Lo 2013 Taiwan  Systematic Medical records Yes 

Ma 2017 China Systematic Medical records Yes 

Martínez-Baz 2013 Spain Consecutive Medical records Yes 

Martinez-Baz 2015 Spain  Consecutive Medical records Yes 

Martinez-Baz 2019 Spain Consecutive Medical records Yes 

McAnerney 2015 South Africa  Systematic Mixed methods Yes 

McAnerney 2017 South Africa  Systematic Mixed methods Yes 

McLean 2015 USA  Consecutive Medical records Yes 

Mohl 2018 Germany Systematic Medical records Age 

Nunes 2014 Portugal  Systematic Medical records Yes 

Ohmit 2014 USA  Consecutive Medical records Yes 

Pebody 2013 UK  Systematic Medical records Age 
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Pebody 2013 UK Systematic Medical records Age 

Pebody 2015 UK  Systematic Medical records Age 

Pebody 2016 UK  Systematic Medical records Age 

Pebody 2017 UK  Systematic Medical records Age 

Pebody 2019 UK Systematic Medical records No 

Pebody 2020 UK Systematic Medical records Yes 

Pierse 2016 New Zealand  Consecutive Medical records Yes 

Pitigoi 2012 Romania  Consecutive Medical records Yes 

Pitigoi 2015 Romania  Consecutive Medical records Age 

Powell 2019 USA Consecutive Medical records Comorbidity 

Redlberger-Fritz 2016 Austria Consecutive Medical records Age 

Regan 2019 Australia Systematic Medical records Age 

Regan 2019 Australia Systematic Medical records Age 

Rizzo 2016 Italy  Systematic Medical records Yes 

Rolfes 2019 USA Consecutive Self-reported Age 

Savulescu 2014 Spain  Systematic Mixed methods Age 

Skowronski 2012 Canada Consecutive Self-reported Yes 

Skowronski 2014 Canada  Consecutive Self-reported Yes 

Skowronski 2014 Canada  Consecutive Self-reported Yes 

Skowronski 2015 Canada  Consecutive Self-reported Yes 

Skowronski 2016 Canada Consecutive Self-reported Yes 

Skowronski 2017 Canada Consecutive Self-reported Yes 

Skowronski 2019 Canada Consecutive Self-reported Yes 

Stein 2018 Israel Systematic Medical records Yes 

Sullivan 2013 Australia  Systematic Medical records Age 

Sullivan 2014 Australia Consecutive Medical records Age 

Suzuki 2014 Japan Consecutive Medical records Yes 

Treanor 2012 USA  Consecutive Medical records Age 

Vilcu 2018 France Systematic Self-reported Age 

Wang 2016 China  Systematic Medical records Yes 

Wu 2018 China Systematic Medical records Yes 

Yang 2014 China  Systematic Self-reported Age 

Yaron-Yakoby 2018 Israel Systematic Medical records Age 

Zimmerman 2016 USA  Consecutive Mixed methods Yes 

Van Doorn 2017 Netherlands  Systematic Not specified Yes 
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Appendix 12: Forest plot of adjusted VE against all influenza for the Southern hemisphere 

 

VE = vaccine effectiveness; CI = confidence interval 
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Appendix 13: Forest plot of adjusted VE against all influenza for the Northern hemisphere 

 

VE = vaccine effectiveness; CI = confidence interval 
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Appendix 14: Pooled adjusted VE by age group (for study 2). 

Influenza type/subtypes 

and analysed subgroups 

No. of 

studies 

Pooled VE for all 

seasons (95% CI) 

I-squared 

statistic (%) 

 

Publication bias 

(Egger’s test p-value) 

<5 years old 
  A(H1N1)pdm09 

       Northern hemisphere 7 62 (25-81) 71.9 NA 

       Southern hemisphere 0 - - - 

  A(H3N2) 

       Northern hemisphere 7 54 (44-63) 0.0 NA 

       Southern hemisphere 0 - - - 

       Europe 2 47 (-8-74) NA NA 

       North America 5 55 (44-64) 0.0 NA 

       Antigenically similar vaccine 3 55 (42-66) 0.0 NA 

       Antigenically partially similar vaccine 4 53 (35-66) 0.0 NA 

  Influenza B 

       Northern hemisphere 4 58 (31-74) 69.1 NA 

       Southern hemisphere 0 - - - 

  All influenza 
       Northern hemisphere 6 61 (55-67) 0.0 NA 

       Southern hemisphere 2 7 (-199-71) NA NA 

5–17 years old 
  A(H1N1)pdm09 

       Northern hemisphere 10 53 (36-65) 37.4 0.15 

       Southern hemisphere 0 - - - 

       Europe 3 63 (-24-89) 71.2 NA 

       North America 7 51 (35-62) 18.0 NA 

       Antigenically similar vaccine 9 51 (33-64) 38.4 NA 

       Antigenically partially similar vaccine 1 73 (23-91) NA NA 

  A(H3N2) 
       Northern hemisphere 13 17 (8-26) 0.0 0.26 

       Southern hemisphere 0 - - - 

       Europe 4 21 (-29-51) 46.9 NA 

       North America 9 17 (7-26) 0.0 NA 

       Antigenically similar vaccine 6 23 (10-35) 0.0 NA 

       Antigenically partially similar vaccine 5 19 (-9-39) 36.7 5 

       Antigenically dissimilar vaccine 2 3 (-25-25) NA NA 

  Influenza B 

       Northern hemisphere 9 48 (38-56) 17.3 NA 

       Southern hemisphere 0 - - - 

       Europe 4 57 (38-70) 1.7 NA 

       North America 5 45 (33-55) 21.0 NA 

       Antigenically similar vaccine 7 48 (37-58) 28.3 NA 

       Antigenically partially similar vaccine 1 36 (-16-64) NA NA 

       Antigenically dissimilar vaccine 1 64 (20-83) NA NA 

  All influenza 
       Northern hemisphere 16 39 (31-46) 47.0 0.18 

       Southern hemisphere 0 - - - 

       Europe 5 42 (22-57) 30.2 NA 

       North America 11 38 (29-46) 54.6 0.13 

       Antigenically similar vaccine 12 43 (37-49) 14.8 0.04 

       Antigenically partially similar vaccine 4 17 (2-30) 0.0 NA 
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18–49 years old 
  A(H1N1)pdm09 

       Northern hemisphere 10 50 (43-56) 0.0 0.00 

       Southern hemisphere 0 - - - 

       Europe 1 60 (36-75) NA NA 

       North America 9 49 (42-55) 0.0 NA 

  A(H3N2) 

       Northern hemisphere 13 17 (8-26) 23.9 0.35 

       Southern hemisphere 0 - - - 

       Europe 2 27 (-12-52) NA NA 

       North America 11 17 (7-26) 34.2 0.38 

       Antigenically similar vaccine 8 25 (14-34) 8.6 NA 

       Antigenically partially similar vaccine 4 12 (-2-24) 0.0 NA 

       Antigenically dissimilar vaccine 1 -3 (-29-18) NA NA 

  Influenza B 

       Northern hemisphere 9 48 (33-59) 47.1 NA 

       Southern hemisphere 0 - - - 

       Europe 2 44 (8-66) NA NA 

       North America 7 48 (30-62) 60.0 NA 

       Antigenically similar vaccine 7 48 (29-61) 60.0 NA 

       Antigenically partially similar vaccine 1 51 (3-75) NA NA 

       Antigenically dissimilar vaccine 1 40 (-51-76) NA NA 

  All influenza 

       Northern hemisphere 14 37 (29-44) 63.2 0.04 

       Southern hemisphere 0 - - - 

       Europe 1 55 (34-70) NA NA 

       North America 13 35 (27-42) 61.5 0.08 

       Antigenically similar vaccine 12 40 (33-46) 47.8 0.08 

       Antigenically partially similar vaccine 2 18 (1-32) NA NA 

50–64 years old 
  A(H1N1)pdm09 

       Northern hemisphere 4 38 (6-60) 79.7 NA 

       Southern hemisphere 0 - - - 

  A(H3N2) 

       Northern hemisphere 6 25 (5-41) 64.5 NA 

       Southern hemisphere 0 - - - 

       Antigenically similar vaccine 2 42 (17-59) NA NA 

       Antigenically partially similar vaccine 3 9 (-26-34) 42.6 NA 

       Antigenically dissimilar vaccine 1 18 (-13-40) NA NA 

  Influenza B 

       Northern hemisphere 2 45 (28-58) NA NA 

       Southern hemisphere 0 - - - 

  All influenza 

       Northern hemisphere 7 38 (22-50) 78.3 NA 

       Southern hemisphere 0 - - - 

       Antigenically similar vaccine 5 44 (26-57) 78.5 NA 

       Antigenically partially similar vaccine 2 19 (3-33) NA NA 

≥65 years old 
  A(H1N1)pdm09 

       Northern hemisphere 9 47 (31-60) 13.2 NA 

       Southern hemisphere 0 - - - 

       Europe 3 50 (12-72) 10.0 NA 

       North America 6 47 (25-62) 27.8 NA 
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  A(H3N2) 

       Northern hemisphere 14 11 (-4-23) 0.0 0.35 

       Southern hemisphere 2 49 (1-73) NA NA 

       Europe 7 -16 (-60-16) 0.0 NA 

       North America 7 17 (1-31) 0.0 NA 

       Oceania 2 49 (1-73) NA NA 

       Antigenically similar vaccine 6 11 (-19-34) 19.4 NA 

       Antigenically partially similar vaccine 6 20 (-12-42) 32.4 NA 

       Antigenically dissimilar vaccine 4 7 (-25-31) 0.0 NA 

  Influenza B 

       Northern hemisphere 11 24 (1-41) 0.0 0.60 

       Southern hemisphere 1 64 (19-84) NA NA 

       Europe 7 30 (-6-53) 15.5 NA 

       North America 4 17 (-18-42) 0.0 NA 

       Oceania 1 64 (19-84) NA NA 

       Antigenically similar vaccine 8 29 (2-48) 19.3 NA 

       Antigenically partially similar vaccine 1 19 (-161-75) NA NA 

       Antigenically dissimilar vaccine 3 29 (-89-73) 36.4 NA 

  All influenza 

       Northern hemisphere 19 25 (15-33) 0.0 0.06 

       Southern hemisphere 5 52 (25-70) 7.3 NA 

       Asia 1 71 (-167-97) NA NA 

       Europe 8 21 (-7-41) 28.4 NA 

       North America 10 27 (16-36) 0.0 0.02 

       Oceania 5 52 (25-70) 7.3 NA 

       Antigenically similar vaccine 17 33 (22-42) 13.9 0.03 

       Antigenically partially similar vaccine 6 17 (-5-34) 0.0 NA 

       Antigenically dissimilar vaccine 1 20 (-48-57) NA NA 

 

VE = vaccine effectiveness; CI = confidence interval; NA = not applicable 
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Group D: Supplementary information for Chapter 5 

Appendix 15: Pooled adjusted VE by age group (for study 3). 

Age group 

Influenza type/subtype 

Analysed subgroups 

Number 

of 

studies 

Pooled VE across 

all seasons (95% 

CI) 

I-squared statistic 

(%) 

Publication bias  

(Egger test p-value) 

<5 years old 

 A(H1N1)pdm09 

Respiratory specimen swab: ≤7 days 5 54 (-7-80) 71.2 N/A 

Adjusted age 2 78 (-54-97) 75.8 N/A 

Adjusted age & medical conditions 3 34 (-136-81) 77.6 N/A 

 A(H3N2) 

Vaccination status: Medical records 2 47 (-8-74) 0.0 N/A 

Respiratory specimen swab: ≤7 days 5 54 (42-64) 0.0 N/A 

Adjusted age 4 56 (43-66) 0.0 N/A 

Adjusted age & medical conditions 1 39 (-36-73) N/A N/A 

 All influenza 

Vaccination status: Medical records 2 67 (40-81) 0.0 N/A 

Respiratory specimen swab: ≤7 days 3 58 (49-66) 3.5 N/A 

Respiratory specimen swab: ≤4 days 2 7 (-199-71) 0.0 N/A 

Adjusted age 5 57 (48-65) 0.2 N/A 

5–17 years old 

 A(H1N1)pdm09 

Vaccination status: Medical records 1 63 (23-82) N/A N/A 

Respiratory specimen swab: ≤7 days 6 54 (38-65) 0.0 N/A 

Adjusted age 3 52 (29-67) 0.0 N/A 

Adjusted age & medical conditions 3 56 (31-72) 0.0 N/A 

 A(H3N2) 

Vaccination status: Medical records 2 46 (-28-77) 65.4 N/A 

Respiratory specimen swab: ≤7 days 6 19 (4-31) 0.0 N/A 

Adjusted age 3 18 (-2-34) 0.0 N/A 

Adjusted age & medical conditions 3 27 (-11-52) 57.7 N/A 
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 Influenza B 

Vaccination status: Medical records 4 56 (35-70) 6.1 N/A 

Respiratory specimen swab: ≤7 days 6 50 (36-61) 23.8 N/A 

Adjusted age 6 50 (36-61) 23.8 N/A 

 All influenza 

Vaccination status: Medical records 10 51 (41-59) 0.0 0.290 

Respiratory specimen swab: ≤7 days 14 46 (38-53) 24.9 0.144 

Adjusted age 6 48 (36-58) 42.7 N/A 

Adjusted age & medical conditions 5 43 (27-56) 36.2 N/A 

18–49 years old 

 A(H1N1)pdm09 

Vaccination status: Medical records 4 48 (38-57) 0.0 N/A 

Vaccination status: Self-reported 3 66 (39-82) 0.0 N/A 

Respiratory specimen swab: ≤7 days 11 52 (46-58) 0.0 0.050 

Adjusted age 6 49 (40-57) 0.0 N/A 

Adjusted age & medical conditions 3 55 (45-63) 0.0 N/A 

 A(H3N2) 

Vaccination status: Medical records 3 32 (17-45) 0.0 N/A 

Vaccination status: Self-reported 3 32 (4-51) 0.0 N/A 

Respiratory specimen swab: ≤7 days 10 22 (9-33) 32.9 0.596 

Adjusted age 4 23 (2-39) 25.6 N/A 

Adjusted age & medical conditions 4 20 (-11-42) 61.7 N/A 

 Influenza B 

Vaccination status: Medical records 5 60 (44-72) 32.9 N/A 

Vaccination status: Self-reported 3 50 (21-69) 0.0 N/A 

Respiratory specimen swab: ≤7 days 10 49 (32-62) 55.2 0.917 

Adjusted age 7 49 (25-65) 68.4 N/A 

Adjusted age & medical conditions 1 51 (3-75) N/A N/A 

 All influenza 

Vaccination status: Medical records 6 48 (41-54) 10.4 N/A 
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Vaccination status: Self-reported 3 45 (29-58) 0.0 N/A 

Respiratory specimen swab: ≤7 days 13 42 (33-50) 63.3 0.135 

Adjusted age 7 46 (37-54) 46.2 N/A 

Adjusted age & medical conditions 4 36 (15-52) 76.9 N/A 

50–64 years old 

 A(H1N1)pdm09 

Vaccination status: Medical records 3 10 (-15-29) 0.0 N/A 

Respiratory specimen swab: ≤7 days 5 38 (1-61) 85.5 N/A 

Adjusted age 3 10 (-15-29) 0.0 N/A 

Adjusted age & medical conditions 2 64 (54-72) 0.0 N/A 

 A(H3N2) 

Vaccination status: Medical records 1 52 (34-65) N/A N/A 

Respiratory specimen swab: ≤7 days 2 37 (-6-63) 81.3 N/A 

Adjusted age & medical conditions 2 37 (-6-63) 81.3 N/A 

 Influenza B 

Vaccination status: Medical records 3 42 (12-62) 20.6 N/A 

Respiratory specimen swab: ≤7 days 3 42 (12-62) 20.6 N/A 

Adjusted age 3 42 (12-62) 20.6 N/A 

 All influenza 

Vaccination status: Medical records 5 40 (12-59) 82.3 N/A 

Respiratory specimen swab: ≤7 days 6 37 (14-54) 80.3 N/A 

Adjusted age 3 23 (4-38) 16.0 N/A 

Adjusted age & medical conditions 3 50 (16-71) 86.8 N/A 

≥65 years old 

 A(H1N1)pdm09 

Vaccination status: Medical records 6 49 (24-66) 48.1 N/A 

Vaccination status: Self-reported 2 49 (4-73) 0.0 N/A 

Respiratory specimen swab: ≤7 days 10 51 (38-62) 18.1 0.492 

Adjusted age 4 63 (47-74) 0.0 N/A 

Adjusted age & medical conditions 5 46 (23-62) 33.0 N/A 
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 A(H3N2) 

Vaccination status: Medical records 8 -4 (-37-21) 11.8 N/A 

Vaccination status: Self-reported 1 17 (-64-58) N/A N/A 

Respiratory specimen swab: ≤7 days 10 4 (-18-22) 0.0 0.169 

Adjusted age 4 5 (-55-42) 31.2 N/A 

Adjusted age & medical conditions 4 8 (-20-30) 0.0 N/A 

 Influenza B 

Vaccination status: Medical records 10 23 (-17-49) 37.2 0.358 

Vaccination status: Self-reported 2 15 (-77-59) 0.0 N/A 

Respiratory specimen swab: ≤7 days 12 23 (-9-45) 23.9 0.308 

Adjusted age 8 14 (-43-49) 45.3 N/A 

Adjusted age & medical conditions 2 15 (-77-59) 0.0 N/A 

All influenza 

Vaccination status: Medical records 11 31 (17-43) 0.0 0.710 

Vaccination status: Self-reported 3 38 (9-58) 0.0 N/A 

Respiratory specimen swab: ≤7 days 15 32 (21-42) 0.0 0.930 

Respiratory specimen swab: ≤4 days 2 58 (9-81) 0.0 N/A 

Adjusted age 9 37 (22-50) 0.0 0.904 

Adjusted age & medical conditions 7 32 (17-45) 0.0 N/A 

 

VE = vaccine effectiveness; CI = confidence interval; N/A = not applicable 
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