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Abstract

Background—Recently, lower estimates of influenza vaccine effectiveness (VE) against 

A(H3N2) virus illness among those vaccinated during the previous season or multiple seasons 

have been reported; however, it is unclear whether these effects are due to differences in 

immunogenicity.

Methods—We performed hemagglutination inhibition antibody (HI) assays on serum collected at 

preseason, ∼30 days post-vaccination, and postseason from a prospective cohort of healthcare 

personnel (HCP). Eligible participants had medical and vaccination records for at least four years 

(since July, 2006), including 578 HCP who received 2010–11 trivalent inactivated influenza 

vaccine [IIV3, containing A/Perth/16/2009-like A(H3N2)] and 209 HCP who declined 

vaccination. Estimates of the percentage with high titers (≥40 and > 100) and geometric mean fold 

change ratios (GMRs) to A/Perth/16/2009-like virus by number of prior vaccinations were 

adjusted for age, sex, race, education, household size, hospital care responsibilities, and study site.

Results—Post-vaccination GMRs were inversely associated with the number of prior 

vaccinations, increasing from 2.3 among those with 4 prior vaccinations to 6.2 among HCP with 

zero prior vaccinations (F[4,567] = 9.97, p < .0005). Thirty-two percent of HCP with 1 prior 
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vaccination achieved titers >100 compared to only 11% of HCP with 4 prior vaccinations 

(adjusted odds ratio = 6.8, 95% CI = 3.1 – 15.3).

Conclusion—Our findings point to an exposure-response association between repeated IIV3 

vaccination and HI for A(H3N2) and are consistent with recent VE observations. Ultimately, better 

vaccines and vaccine strategies may be needed in order to optimize immunogenicity and VE for 

HCP and other repeated vaccinees.
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With the advent of universal recommendations for annual seasonal influenza vaccination in 

the USA, decades-old questions about the association between repeated vaccination and the 

effectiveness of influenza vaccines have new relevance [1–3]. Indeed, several recent studies 

have observed that influenza vaccine effectiveness (VE) against influenza illness is modified 

by prior vaccination history [4–8].

Of particular concern are lower point estimates of VE against influenza A(H3N2) virus 

illness among those vaccinated during the previous season [4–9] or repeatedly over the 

previous 5 seasons [9]. Although multiple studies have observed that previous vaccinees are 

less likely to seroconvert (or show a 4-fold increase in hemagglutination inhibition [HI]) 

following vaccination with inactivated trivalent influenza vaccines (IIV3s) [2,10–17], 

researchers have assumed this group is not at a disadvantage since they tend to have similar 

pre-season antibody titers due to higher baseline titers before vaccination [2,14].

From our prospective cohort study of healthcare personnel (HCP) in 2010–11, we have 

previously reported lower HI response to the A(H1N1)pdm09 component among those who 

received the monovalent inactivated A(H1N1)pdm09 vaccine a year earlier [4]. In a 

subsequent study focused on neuraminidase inhibition among vaccinees, we also noted 

lower response to N1 and N2 antigens following vaccination for those who received both the 

IIV3 or monovalent A(H1N1)pdm09 vaccine the prior year [18].

In this study, we expand our focus to examine vaccination history over four prior seasons. 

We examine the association between zero to four repeated annual IIV3 vaccinations and HI 

response to A/Perth/16/2009 (H3N2)-like virus. Specifically, we aimed to examine whether 

there is a dose-response (or exposure-response) association between the number of prior 

vaccinations and serologic immunogenicity, whether IIV3 vaccines with antigenically 

distinct A(H3N2) components contribute differently to any such association, and whether 

the association occurs regardless of baseline antibody levels and consistently across age 

groups among working age adults.
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1. METHODS

1.1. Study Design and Setting

Samples for this evaluation were collected as part of a prospective cohort study of HCP aged 

18–65 years old providing direct patient care full-time at both inpatient and ambulatory 

medical centers in Scott & White Healthcare (SWH) in Temple/Round Rock, Texas, and 

Kaiser Permanente Northwest (KPNW) in metropolitan Portland, Oregon (including parts of 

Washington). Details on cohort recruitment from September 18 to December 18, 2010, and 

the assessment of participant characteristics at enrollment have been described previously 

[19]. The study enrolled approximately 20% and 40% of the source HCP populations at 

KPNW and SWH, respectively; males and physicians were less likely to join the cohort [19].

This study focuses on a subset of participants with complete employee records and 

confirmation of health plan membership and/or receipt medical care from the study health 

systems for at least four years (since July, 2006). The choice of a four year prior vaccination 

period was made taking into account: record extraction limitations set by the Institutional 

Review Boards, the marked increased in employment stability starting at four years, and 

increased confidence in the thoroughness of employee records at both study sites starting in 

2006.

Sera was collected at three times: pre-season (Time 1) for all participants (primarily in 

September and October), approximately 30 days post-vaccination for vaccinees (most of 

whom were vaccinated in October and provided blood again in November) (Time 2), and 

again for all participants in April and May, 2011, approximately 7 months after enrollment 

(Time 3). Participants who provided Time 2 sera < 14 days or >60 days from vaccination 

were excluded. Participants were monitored weekly for the development of acute respiratory 

illness, as described earlier [20–22], and influenza virus infection was confirmed via real-

time reverse transcriptase polymerase chain reaction (RT-PCR) assay. The 18 participants 

who experienced A(H3N2) illness have been described previously [20] and were excluded 

from analysis (Supplemental Figure A).

1.2. Vaccination Records and Composition of Vaccines

All participants received their personal medical care at the study medical centers. 

Vaccination history was documented from both their personal electronic medical records and 

employee health documentation in order to capture vaccinations received as a patient and 

those received though employee services. A few participants who received vaccination at a 

pharmacy or other non-traditional setting provided proof of vaccination to employee health, 

which was documented in their system. Since the predominant vaccine at both sites was 

inactivated and the immune response differs for live-attenuated influenza vaccine (LAIV) vs. 

IIV3 [23], we excluded participants who received LAIV during the study season or prior 4 

seasons.

The study year’s 2010–11 IIV3 contained A/California/7/2009 pdm(H1N1), A/Perth/

16/2009 (H3N2), and B/Brisbane/60/2008 strains. At KPNW, a single lot of IIV3 

manufactured by Novartis International was administered to approximately 90% of IIV3 
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vaccinees in the cohort; at SWH, 2 lots of IIV3 manufactured by GlaxoSmithKline 

Pharmaceuticals were administered to approximately 90% of IIV3 vaccinees.

The IIV3 composition during the previous 4 seasons is listed in Supplemental Table A. Of 

note, the 2010–11 A(H3N2) IIV3 component was antigenically distinct from the two 

components included in IIV3s during the previous four seasons: both the 2006–07 and 

2007–08 IIV3s contained an A/Wisconsin/67/2005 (H3N2)-like strain, and both the 2008–09 

and 2009–10 IIV3s contained an A/Brisbane/10/2007 (H3N2)-like strain.

1.3. Hemagglutination Inhibition Antibody Assay

Testing for HI titers to A/Perth/16/2009 (H3N2) was performed by Battelle Laboratory 

(Aberdeen, MD) using standard methods [24] as described previously [4]. An egg-grown 

wild type A/Perth/16/2009 virus was used. A standard 0.5% turkey erythrocyte was 

prepared, and serum samples were treated with receptor-destroying enzyme to remove 

nonspecific inhibitors. Nonspecific agglutinins were removed by serum adsorption with 

packed red blood cells. Serum was diluted 2-fold starting from 1:10. The HI titer was the 

reciprocal of the serum dilution in the last well with complete HI. The geometric mean titer 

(GMT) from duplicate results was reported; HI < 10 was considered to be 5 for GMT 

calculation.

1.4. Statistical Analysis

Since distributions of HI titer data were highly left-skewed, all statistical analyses were 

conducted using log base-2 transformed titer data; results were then back-transformed to the 

original scale for ease of interpretation [4,25]. Pre- and post-vaccine draws were assumed to 

be correlated within each person, thus repeated measures linear mixed models were fitted to 

estimate GMTs and geometric mean ratios (GMRs). Compound symmetric covariance error 

structures were assumed for repeated measures within individuals.

GMTs were calculated by back-transforming the least squares mean estimates of logged titer 

data. GMRs were calculated by back-transforming the difference of least squares means of 

post-vaccination and pre-vaccination logged titer estimates. GMRs are interpreted as the 

geometric mean fold ratio of post-vaccination titer to pre-vaccination titer. Multivariate 

estimates adjusted a priori for age, sex, race, and study site [19]. Linear, quadractic, and 

cubic terms for age were examined to consider possible nonlinear associations with age. 

Education, household size, and working in a hospital setting were added as covariates 

because they were associated with the number of prior vaccinations and either preseason 

GMT or post-vaccination GMRs among vaccinees (Supplemental Table B).

To test the hypothesis that the outcome (serologic vaccine response or GMR) varied 

depending on the exposure (the number of prior IIV3 vacciantions), we estimated an 

interaction term for time of sera draw (pre- and post-vaccination) by the number of prior 

vaccinations; after adjusting for main effects and covariates, a statistically significant 

interaction term (p < .025) indicated that vaccine response was significantly modified by 

prior IIV3 exposure.
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In sensitivity analyses, all demographic and health variables listed in Table 1 were included 

in the adjusted models, but did not change the pattern of findings. Also in sensitivity 

analyses, days between Time 1 and 2 sera collection were not associated with Time 2 GMR; 

similarly, days between Time 1 and 3 (for unvaccinated HCP) and days between Time 2 and 

3 (for vaccinees) were not associated with Time 3 GMR.

Since baseline antibody titers are among the best predictors of serologic response [26], we 

repeated the GMR models stratifying participants by those with low baseline titers (GMT < 

40) or high baseline titers (≥40) [4]. Given that only 27 participants had zero prior 

vaccinations, we excluded these participants from secondary stratified analyses.

As an additional outcome measure and to aid the interpretation of the association between 

prior vaccinations and GMR, we also report the percentage of participants with GMT of 

≥40, a recognized immune marker associated with at least a 50% protection against 

influenza infection in populations [4], as well as a GMT of >100 which is associated with 

even higher clinical protection [25]. Given differences in baseline immunity, we also report 

the percentage who achieved titers ≥40 and >100 post-vaccination, excluding those with 

preseason GMT ≥40. These percentages were estimated using generalized linear models 

with the same covariates described for the mixed effects models and adjusted for baseline 

titers, as recommended [26], to minimize bias associated with prevaccination titers. We used 

logistic regression, with the same covariates, to illustrate the magnitude of the effect of prior 

vaccination on the dichotomous elevated titer outcomes.

In secondary analyses, we repeated the Time 2 post-vaccination GMR analyses and elevated 

GMT analyses (using the same covarites) considering separate counts for the number of 

2006–07 and 2007–08 IIV3s received (containing A/Wisconsin/67/2005-like [H3N2]) and 

the number of 2008–09 and 2009–10 IIV3s received (containing A/Brisbane/10/2007-like 

[H3N2]). The vaccines’ match to circulating A(H3N2) strains was relatively low in 2006–07 

and 2007–08 compared to subsequent years (Supplemental Table A). These results are 

presented for hypothesis generating purposes only, especially given the relatively small 

number of participants who received neither the 2008–09 nor 2009–10 IIV3s.

Vaccine exposure groups whose 95% confidence intervals (CI) (for GMT, GMR, or 

percentage with elevated titers) did not overlap were considered statistically different. Given 

the relatively small number of participants with zero prior vaccinations, we illustrated some 

differences between extreme groups comparing participants with 4 vs. 1 prior vaccination. 

For other analyses, a p-value of < .025 was considered statistically significant. Partial eta 

squared (η2) is reported for the mixed effect models to indicate the amount of variance in the 

outcome explained by the number of prior vaccinations after excluding variance explained 

by other covariates. All analyses were conducted using IBM SPSS Statistics 21 (Armonk, 

NY).
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2. RESULTS

2.1. Participant Characteristics

As outlined in Supplemental Figure A, 1568 HCP were enrolled and gave preseason sera. Of 

these, 562 HCP (36%) were excluded because they lacked medical and vaccination records 

going back to July 2006, and an additional 37 (2%) and 153 (10%) were excluded because 

they received LAIV in 2010–11 or in any season since July 2006, respectively. Excluded 

participants were more likely to be under age 50 years old, to be male, have young children 

(aged < 9 years old), be physicians, and work at the Texas study site; excluded participants 

were less likely to have a chronic medical condition (data not shown). A similar percentage 

of excluded and included participants received IIV3 in the 2010–11 study year (71 vs. 74%).

The resulting study sample of 816 HCP with preseason sera, included 607 (74%) who 

subsequently received the 2010–11 IIV3 and 209 (26%) who were unvaccinated. Post-

vaccination sera was available from 578/607 (95%) vaccinees. Post-season sera, excluding 

18 HCP who had RT-PCR confirmed A(H3N2) illness during the season, were available 

from 194/209 (93%) unvaccinated and 564/578 (98%) vaccinated HCP.

The majority of study participants were female, white, and non-Hispanic (Table 1). The 

median number of IIV3 during the prior 4 seasons was 3, with 695/816 (85%) having 

received at least one IIV3 during this time. A greater number of prior vaccinations was 

associated with being older, having higher education and smaller households, as well as 

working outside of the hospital, having fewer hours of direct patient contact, and working at 

the KPNW study site (Supplemental Table B); these were all modest associations.

2.2. Repeated Vaccination History and Preseason Antibody Titers

In the Time 1 (preseason baseline) analysis, HCP with one or more IIV3 vaccinations in the 

previous 4 seasons had similar adjusted GMTs against the 2010–11 A(H3N2) vaccine 

component, and all were modestly higher than the GMT of HCP with no vaccinations 

(Supplemental Table C). A similar pattern of results was noted among HCP who were 

subsequently vaccinated with 2010–11 IIV3 or remained unvaccinated (Figure 1 and Table 

2). Across prior vaccine exposure subgroups, the percentage with elevated pre-season titers 

of ≥40 or >100 was low (≤26% and ≤9%, respectively).

2.3. Repeated Vaccination History and GMR Serologic Response

Among HPC who received 2010–11 IIV3, there was a statistically significant interaction 

between number of prior vaccinations and GMR vaccine response, as indicated by the linear 

mixed effect model: F(4,567) = 9.97, p < .0005, partial η2 = .07. The adjusted GMRs were 

inversely associated with the number of prior vaccinations, increasing from 2.3 (95% CI = 

2.1 – 2.6) among those with 4 prior vaccinations to 4.3 (95% CI = 3.3 – 5.5) among HCP 

with only 1 prior vaccination and to 6.2 (95% CI = 3.4 – 11.3) among those with no 

vaccinations (Table 2 and Supplemental Figure B). The same pattern of findings, including a 

significant interaction between number of prior vaccinations and GMR, applied to HCP with 

preseason GMT of < 40 (F[3,458] = 7.343, p < .0005, partial η2 = .05) and those with high 

baseline titers (≥40) (F[3,86] = 4.45, p = .006, partial η2 = .13) (Supplemental Table E).
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We observed a curvilinear association between age and GMR (as indicated by statistically 

significant linear and quadratic terms for age), reflecting lower GMR among adults age 35–

49 years old compared to younger or older HCP (Supplemental Table D). Nonetheless, we 

observed the same inverse association between GMR and the number of prior vaccinations 

(including significant interaction terms) in all three age groups (Supplemental Table D).

2.4. Repeated Vaccination History and Elevated Post-Vaccination Titers

The percentage of HCP with elevated titers post-vaccination increased as the number of 

prior vaccinations decreased (Figure 2). This was a significant trend for titers of ≥40 (Wald 

Chi-Square [4]=15.25, p = .004) and >100 (Wald Chi-Square [4]=52.77, p < .0005), with 

statistically significant differences in percentages between the extreme groups (Table 2). 

Less than half (46%) of HCP with 4 prior vaccinations had titers ≥40 compared to about 

two-thirds of those with 0 or 1 prior vaccinations (69% and 63%, respectively). About one-

third of HCP with zero or one prior vaccination (37% and 32%, respectively) had titers of 

>100 compared to about one-in-ten of HCP with 3 or 4 prior vaccinations (8% and 11%, 

respectively). To illustrate, compared to HCP who had been consistently vaccinated for 4 

prior years, the odds of having post-vaccination titers of ≥40 were 3-fold higher (adjusted 

odds ratio [AOR] = 3.2, 95% CI = 1.7 – 6.2) and the odds of having titers of >100 were over 

6-fold higher (AOR = 6.8, 95% CI = 3.1 – 15.3) among HCP who had only been vaccinated 

once in recent years.

In secondary analyses that excluded HCP with preseason GMT ≥40, we observed the same 

inverse association, with the percentage who achieved elevated titers declining as the 

number of prior vaccinations increased (Supplemental Table E). For example, among HCP 

with preseason GMT < 40, 57% (95% CI = 47–68%) of those with only 1 prior vaccination 

achieved post-vaccination GMT ≥40 compared to 37% (95% CI = 30–43%) of HCP with 4 

prior vaccinations.

2.5. Associations with Antigenically Distinct IIV3s

We repeated the post-vaccination analyses looking at responses among individuals that 

received the two IIV3s containing the A/Wisconsin/67/2005-like H3N2 component (in 

2006–07 and 2007–08) and the two IIV3s containing the A/Brisbane/10/2007-like H3N2 

component (in 2008–09 and 2009–10) (Supplemental Table F). In linear mixed effects 

models with the number of prior vaccinations represented in these separate counts, an 

inverse association with GMR to the 2010–11 A/Perth/16/2009 (H3N2)-like vaccine 

component was clearest for the number of 2006–07 and 2007–08 vaccinations (F[2,567] = 

14.57, p < .0005, partial η2 = .05), but was marginally significant for the number of 2008–09 

and 2009–10 vaccinations (F[2,567] = 2.95, p = .056, partial η2 = .01). Similarly, a 

significant inverse association with the percentage with GMT ≥40 was noted for the number 

of 2006–07 and 2008–09 IIV3s (Wald Chi-Square [2] = 18.61, p < .0005), but not for the 

number of 2008–09 and 2009–10 IIV3s. In fact, we observed similar percentages of 

participants with GMT ≥40 (52–54%) for those who received neither, one, or both of the 

2008–09 and 2009–10 IIV3s. However, a significant inverse association between GMT >100 

and the number of prior IIV3s was noted for both the 2006–07 and 2008–09 IIV3s and the 

2008–09 and 2009–10 IIV3s counts (Supplemental Table F).
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2.6. Maintenance of Antibody Titers Post-Season

In the time 3 (post-season) analysis, HCP with only 1 prior vaccination in the previous 4 

seasons maintained higher adjusted GMT for A(H3N2) and had a larger percentage with 

high titers (>40 and ≥100) post-season than HCP with 4 prior vaccinations (Table 2). This 

higher maintained response was not observed for participants with zero prior doses; indeed, 

similar to those with 3 or 4 prior vaccinations, significantly fewer participants with zero 

prior doses had GMT > 100 (4%) compared to those with 1 prior dose (19%) at time 3.

3. DISCUSSION

Serum HI titers for A(H3N2) following 2010–11 IIV3 vaccination varied significantly 

among our HCP participants depending on the number of previous IIV3 vaccinations. The 

magnitude of vaccine response (as indicated by GMR or GMT) declined with additional 

IIV3 received during the prior 4 years. This was noted for all age groups in our cohort of 

HCP aged 18 to 65 years old. With the exception of modestly lower baseline titers among 

HCP with no prior vaccinations, HCP with one or more prior vaccinations had similar 

preseason antibody titers for A/Perth/16/2009 (H3N2)-like virus. However, after vaccination, 

HCP with zero or one previous vaccinations had significantly higher GMR resulting in 

greater proportions with elevated titers (≥40 and >100) than frequent vaccinees.

Our findings point to an inverse exposure-response association between repeated vaccination 

and serologic response to an A(H3N2) component of IIV3. This is consistent with results 

from McLean et al.’s recent multi-season analysis that observed the highest protection 

against A(H3N2) illness among vaccinees who had been unvaccinated in the previous 5 

years (VE = 65%, 95% CI = 36–80) and the lowest VE among those repeatedly vaccinated 

in 4 or 5 recent seasons (VE = 25%, 95% CI = 3–41%) [9]. Our findings are also consistent 

with reports from Ohmit et al.’s household cohort study which noted lower VE against 

A(H3N2) illness and lower preseason A(H3N2) antibody titers among those vaccinated in 

both the current and prior year compared to those vaccinated in the current season only [27].

It is unclear whether our serologic findings correspond with clinical protection. Indeed, high 

HI titers do not guarantee protection and most individuals with low titers will not become 

infected [28]. Nonetheless, HCP who received the 2010–11 IIV3 but had only one or no 

vaccinations in the prior 4 years were substantially more likely to enter influenza season 

with elevated titers (≥40 and >100). For example, one in three vaccinees (32%) with only 

one prior vaccination had A(H3N2) titers of >100, which may confer greater protection 

against influenza infection [25], compared to 1 in 10 consistent vaccinees (11%); this 

represents a 6-fold difference in odds of having very high post-vaccination titers.

One possible explanation for our HI findings and recently observed differences in VE is that 

repeated vaccination negatively interferes with immunogenicity [1,4,17,29,30]. In a 

modeling study, Smith et al. [1] predicted that revaccination is most likely to interfere with 

serologic response when vaccine components are unchanged or the antigenic distance 

between strains in consecutive vaccines is small. The magnitude of antigenic and genetic 

differences between vaccine strains (and more importantly, between the egg-adapted high 

growth reassortant viruses used in IIV3 manufacturing) sufficient to interfere with influenza 
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vaccine response is unclear. We noted an inverse exposure-response association even though 

the IIV3 in 2010–11 was antigenically distinct from previous IIV3s and the A(H3N2) 

component had changed twice in the prior 4 years.

Although our study was unable to disentangle the potential influence of different 

combinations of prior vaccinations, our findings suggest that the prior IIV3 formulations 

may have differed in their relevance to subsequent serologic vaccine response. We observed 

a clearer and more consistent inverse association for GMR with the number of 2006–07 and 

2007–08 IIV3s (which contained A/Wisconsin/67/2005-like H3N2) than with the two more 

recent IIV3s (which contained A/Brisbane/10/2007-like H3N2). Receipt of the 2006–07 and 

2007–08 IIV3 may have offered little clinical protection since the vaccine’s match to 

circulating strains was low in both seasons. However, if the vaccines with A/Wisconsin/

67/2005-like H3N2 had higher immunogenicity than those with A/Brisbane/10/2007-like 

H3N2 due to genetic changes in the egg-adapted high growth reassortant viruses used in 

IIV3 manufacturing [31], this might explain why the number of earlier (2006–07 and 2007–

08) IIV3s may have played a greater role in interfering with GMR than the more recent 

IIV3s.1 Therefore, looking at the association between immunogenicity (0r VE) and the 

receipt of IIV3 during the previous season or summed across multiple seasons is likely a 

crude and incomplete way to study this effect, and more sophisticated approaches are needed 

that consider the period of time between vaccine exposures and take into account antigenic 

and genetic relatedness between vaccines.

One of the limitations of our study is that we could not quantify participants’ antibody titers 

against previous vaccine components and especially A/Wisconsin/67/2005-like H3N2, 

which was the IIV3 component in the 2006–08 and 2007–08 vaccines; these two IIV3s had 

the clearest association with vaccine response in our study. Future research is needed to map 

vaccination history to HI responses for a panel of A(H3N2) viruses included in previous 

IIV3s in order to examine how baseline antibody titers may mediate the impact of prior 

vaccination. Nonetheless, the fact that we observed an inverse association between repeated 

annual vaccination and GMR among HCP with elevated baseline antibody titers against the 

vaccine strain as well as those with low baseline titers suggests differences in humoral 

immunity cannot fully explain the effect; future studies will need to examine virus 

neutralization assays and consider the role of other mechanisms including differences in cell 

mediated immunity.

Another possible explanation for effect modification by vaccination history is confounding 

by indication, if individuals with poorer immune response are more likely to be repeated 

vaccinees [17]. Possible selection bias in this convenience sample is also a concern. 

However, these possible biases are unlikely to explain fully our findings, since we adjusted 

for age, study site, and other potential confounders in our models, and conducted additional 

sensitivity analyses to rule out the possible influence of demographic and health 

characteristics associated with repeated vaccination [19], cohort participation, exclusion 

from our multi-year analysis, and even baseline antibody titers. Nonetheless, residual and 

unmeasured confounding may have biased our estimates in unknown ways.

1The authors would like to thank an anonymous peer reviewer for this observation.
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There are at least three other noteworthy study limitations. First, our study only examined HI 

response and could not consider other indicators of humoral or cell mediated immune 

response. For example, results from a microneutralization assay may have been more 

sensitive to A(H3N2) antibodies. Further studies examining B-cell responses are also 

needed, especially since one possible mechanism of the exposure-response effect could be 

that injected hemagglutinin protein in IIV3 could form antigen–antibody complexes with 

preexisting HI antibodies, which could reduce the amount of HI antigen available for 

stimulating B cells [29].

Second, our findings are limited to A(H3N2) viruses during the study year and prior 4 years. 

Although we previously reported lower HI response to the 2010–11 A(H1N1)pdm09 vaccine 

component among participants who received the monovalent A(H1N1)pdm09 vaccine in 

2009 [4], we have not examined HI response to the B virus vaccine component. Nonetheless, 

concern about lower VE among repeated vaccinees has most consistently been noted for 

A(H3N2) viruses and less so for B viruses [6,27].

Third, we lacked information on past infections. Associations between vaccination history 

and immunogenicity are likely interconnected with differences in the history of natural 

infections with influenza viruses. An individual that foregoes vaccination would have more 

“opportunities” to be infected with wild influenza viruses that may provide a broader 

spectrum of subsequent immune protection. However, if such an effect existed in our 

sample, it was not reflected in differences in baseline antibodies, since HCP with different 

numbers of prior IIV3 vaccinations had largely similar baseline antibodies against A/Perth/

16/2009 (H3N2)-like virus. Nonetheless, differences in influenza exposure history may have 

contributed to the age-related differences in GMR that we observed; indeed, some have 

proposed that antigenic seniority of A(H3N2) strains in circulation since 1968 may explain 

differences in immunogenicity among middle-aged adults [32,33].

Our findings should not be interpreted as indicating that HCP can forego annual vaccination 

or occasionally skip seasons. Annual vaccination for HCP continues to be a safe and 

effective preventive strategy that must be combined with other infection control practices to 

protect HCP and their patients [20,34]. Nonetheless, given the high morbidity and mortality 

associated with A(H3N2) virus illness [35] and the sub-optimal VE observed for IIV3 

against A(H3N2) illness in recent years [5–7,36], research is needed to differentiate host, 

virus, and vaccine technology factors that may contribute to the imperfect immunogenicity 

and clinical protection afforded by this component of IIV3.

The exposure-response association we observed for repeated IIV3 vaccination with HI 

response supports the biological plausibility of a similar stepwise difference in VE against 

A(H3N2) illness reported by McLean et al. [9]. Taken together, this suggests that annual VE 

studies, which traditionally ignored vaccine history or considered the prior year only 

[5,6,37,38], need to expand their investigations to consider multiple years of vaccination 

history. Certainly, further observational studies are needed with other populations, including 

children and the elderly, and ideally a randomized clinical trial in a setting without universal 

vaccination which can vary multi-year vaccination regimens. Ultimately, better vaccines and 
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vaccine strategies may be needed in order to optimize immunogenicity and VE for HCP and 

other populations that may receive repeated annual vaccinations for decades.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Estimated Geometric Mean Titer (GMT) for A/Perth/16/2009 (H3N2) and 95% Confidence 

Intervals at Preseason, Post 2010–11 Vaccination, and End-of-Season by the Number of 

Inactivated Influenza Vaccinations (IIV3s) during the Prior Four Seasons Received by 

Healthcare Personnel.
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Figure 2. 
Percentage of Healthcare Personnel with Geometric Mean Titer (GMT) ≥40 and >100 for A/

Perth/16/2009 (H3N2) (and 95% Confidence Intervals) at Preseason, Post 2010–11 

Vaccination, and Post-Season by the Number of Inactivated Influenza Vaccinations (IIV3s) 

during the Prior Four Years.
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Table 1

Characteristics of 816 Participants in a Healthcare Personnel Cohort with Vaccination Records through Four 

Prior Years and the 578 of these who Received 2010–11 Vaccination.

Full Samplea IIV3 Vaccineesb

Categorical descriptors, N (%)

Study site (Oregon) 361 (44) 260 (45)

Sex (Female) 700 (86) 502 (87)

Race (White) 650 (80) 472 (82)

Ethnicity (Hispanic) 8 (10) 58 (10)

Child (age < 13) at home 248 (30) 159 (28)

Physician 52 (6) 42 (7)

Work in Hospital 440 (54) 319 (55)

Work in Emergency Dept. 155 (19) 100 (17)

Chronic medical conditionc 151 (19) 117 (20)

Continuous descriptors, Median (SD)

Age (years) 47 (12) 47 (12)

Household size (0–7) 2 (2) 2 (1)

Education (5-levels) 16 (2) 16 (2)

Self-rated health status (5-levels) 4 (1) 4 (1)

Body mass index (kg/m) 28 (7) 29 (7)

Direct patient care per week (hours) 34 (11) 34 (11)

Prior vaccinations, N (%)

2006–07 IIV3 433 (53) 379 (66)

2007–08 IIV3 391 (48) 342 (59)

2008–09 IIV3 464 (57) 399 (69)

2009–10 IIV3 589 (72) 503 (87)

2009 MIV A(H1N1)pdm09 401 (49) 358 (62)

2010–11 IIV3 607 (74)b 578 (100)

Sum of Prior IIV3, Median (SD) 3 (1) 3 (1)

*
p < .05

**
p < .01

***
p < .001.

a
Sample (N = 816) includes health care personnel with medical and vaccination records since July, 2006 and excludes those who received live 

attenuated influenza vaccine (LAIV) in 2010–11 and/or in any season since 2006–07.

b
The post-vaccination study sample consists of 578 of 607 who received trivalent inactivated influenza vaccine (IIV3) and also had sera collected at 

both preseason and post-vaccination.

c
Presence of a chronic medical condition was identified by a medical visit during the prior year in the electronic medical record for a medical 

condition associated with increased risk of influenza complications (codes available from the authors).
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