
Clinical Infectious Diseases

Seasonal Flu Vaccine Impact on Pandemic H1N1 Vaccine Effectiveness  •  CID  2019:68  (1 June)  •  1839

Seasonal Influenza Vaccine Impact on Pandemic H1N1 
Vaccine Efficacy
Rachel U. Lee,1 Christopher J. Phillips,2 and Dennis J. Faix2

1Division of Allergy and Immunology, Department of Internal Medicine, Naval Medical Center, and 2Military Population Health Directorate, Deployment Health Department, Naval Health Research 
Center, San Diego, California

Background.  In 2009, a novel influenza A (pH1N1) was identified, resulting in a pandemic with significant morbidity and mor-
tality. A monovalent pH1N1 vaccine was separately produced in addition to the seasonal trivalent influenza vaccine. Formulation 
of the seasonal influenza vaccine (injectable trivalent inactivated influenza vaccine [TIV] vs. intranasal live, attenuated influenza 
vaccine [LAIV]) was postulated to have impacted the efficacy of the pH1N1 vaccination.

Methods.  We reviewed electronic health and databases, which included vaccination records, and healthcare encounters for 
influenza-like illness (ILI), influenza, and pneumonia among US military members. We examined rates by vaccination type to iden-
tify factors associated with the risk for study outcomes.

Results.  Compared with those receiving the seasonal influenza vaccine alone, subjects receiving the pH1N1 vaccine, either alone 
(RR, 0.49) or in addition to the seasonal vaccine (RR, 0.51), had an approximately 50% reduction in ILI, 88% reduction in influenza 
(RR, 0.11 and 0.12, respectively), and 63% reduction in pneumonia (RR, 0.37 and 0.35, respectively). There was no clinically signif-
icant difference in ILI, influenza, or pneumonia attack rates among those receiving the pH1N1 vaccine with or without presence of 
the seasonal vaccine. Similarly, there was no clinically relevant difference in pH1N1 effectiveness between seasonal TIV and LAIV 
recipients.

Conclusions.  During the 2009–2010 pandemic, the pH1N1 vaccination was effective in reducing rates of ILI, influenza, and 
pneumonia. Administration of the seasonal vaccine should continue without concern of potential interference with a novel pan-
demic vaccine, though more studies are needed to determine if this is applicable to other influenza seasons.
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A novel pandemic H1N1 (pH1N1) swine-origin influenza 
A virus emerged in April 2009, resulting in widespread illness, 
and high rates of morbidity and mortality [1]. In the United 
States, there was a clinical attack rate of about 19.9%, an esti-
mated 274 300 hospitalizations, and 12 469 deaths [2]. A  high 
rate of severe disease in children and younger adults, with appar-
ent protection of older age groups, suggested previous exposure 
and priming to this strain or cross-reactivity from prior swine 
influenza vaccine [3]. This is in part due to shift and drift of 
the influenza virus, resulting in new strains to which humans 
have limited protective immune responses. In general, influenza 
continues to be a leading cause of illness and is a major public 
health concern [4]. Although the most effective prevention strat-
egy is vaccination, vaccine efficacy varies markedly from year 

to year depending on how well the vaccine matches the circu-
lating strains, vaccine formulation, and other factors [5]. Thus, 
continued research into preventive strategies is needed to better 
understand the variables associated with effectiveness. A  large 
segment of the population receives the seasonal influenza vac-
cination; therefore, its role in the pandemic is clinically relevant.

There were 2 main types of seasonal influenza vaccines licensed 
in the United States in 2009—the injectable trivalent inactivated 
influenza vaccine (TIV) and the intranasal live, attenuated influ-
enza vaccine (LAIV) [6–11]. Although other formulations have 
since been approved by the US Food and Drug Administration 
(FDA), such as the quadrivalent, intradermal, and high-dose inac-
tivated influenza vaccines, this study was performed when TIV 
was the only inactivated formulation available. Typically, each 
type of vaccine contains 3 influenza strains that are chosen annu-
ally by influenza experts from the World Health Organization 
internationally and by the Centers for Disease Control and 
Prevention (CDC) and FDA Vaccines and Related Biological 
Products Advisory Committee domestically. One seasonal influ-
enza A (H1), 1A (H3), and 1B strain are selected for inclusion [6]. 
However, during the 2009–10 season, a novel monovalent 2009 
influenza A (pH1N1) vaccine (strain A/California/7/2009(H1N1)) 
was made available in addition to the seasonal influenza vaccine.
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During the 2009–10 influenza season, nearly all influenza cases 
were due to the novel pH1N1 strain [12]. As many people received 
both the trivalent seasonal and the monovalent pH1N1 influenza 
vaccines, the prior receipt or coreceipt of the seasonal vaccine 
may have impacted the protectiveness of the pH1N1 vaccine by 
boosting or diminishing its efficacy. Several studies, including one 
study among US military personnel, showed that prior receipt of 
the seasonal vaccine offered some protection against the pH1N1 
infection in 2009, especially against severe disease [13–17]. Other 
studies showed that prior or co-administration of the seasonal 
influenza vaccine did not provide any protection against the 
pH1N1 influenza [3, 18–21]. Some of these studies specified the 
formulation of the seasonal influenza vaccine. In contrast, some 
studies showed that prior or co-administration of the seasonal 
TIV influenza vaccine significantly reduced antibody response 
to the pH1N1 vaccine or increased the risk of pH1N1 requiring 
medical attention [22, 23]. In a Canadian study, there was a 1.4- to 
2.5-fold increase in risk of laboratory-confirmed pH1N1 illnesses 
in 2009 among those who received the prior seasonal TIV in 
2008–9 compared with controls [24].

In mice models, seasonal TIV prior to pH1N1 LAIV was com-
parable with receipt of one dose of pH1N1 LAIV alone, whereas 
seasonal LAIV followed by pH1N1 LAIV induced a robust 
response and complete protection from pH1N1 virus challenge 
in the upper respiratory tract [25]. This suggests a priming effect 

by the LAIV formulation not seen with TIV. Subsequent studies 
evaluating the immunogenicity of pH1N1 included as a compo-
nent of the seasonal influenza vaccine demonstrated adequate 
immunogenicity for all included strains [26].

Because of the potential impact on immunogenicity and 
effectiveness of the pH1N1 vaccine, and to provide critical 
information on the preferred vaccine formulation, understand-
ing how influenza vaccine formulations potentially interact is 
of high clinical interest. Therefore, we performed a study com-
paring rates of influenza-like illness (ILI), influenza, and pneu-
monia in recipients of pH1N1 vaccine based on the seasonal 
vaccine status and type among US military members during the 
2009–10 influenza season. Military members are a highly vac-
cinated population with universal healthcare coverage, which 
allow for this study. However, compared to the general adult 
population or a hospital-based sample, military members are 
younger, predominantly male, overall healthier, and potentially 
more geographically mobile.

METHODS

Study Population

This was an observational cohort study of all US military per-
sonnel aged 18–49 years, who were on active duty from 1 May 
2009 to 30 May 2010 and stationed in the contiguous United 
States (Figure  1). Demographic and vaccination data were 

Figure 1.  Inclusion and exclusion criteria during study period (1 May 2009 to 30 May 2010). Abbreviations: COPD, chronic obstructive pulmonary disease; HIV, human 
immunodeficiency virus, ILI, influenza-like illness, LAIV, live, attenuated influenza vaccine; OCONUS, outside the continental United States; TIV, trivalent inactivated influenza 
vaccine.
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obtained from the Defense Manpower Data Center, a collection 
of Department of Defense databases that contains longitudinal 
data including demographics, occupation classifications, and 
immunizations. Healthcare encounters, both outpatient and 
inpatient, and dispensed pharmaceuticals were obtained for this 
study cohort from the Military Health System Data Repository. 
Nonactive duty personnel, deployers, reservists, recruits, and 
members stationed on ships or overseas were excluded to ensure 
uniform influenza virus exposure risk and capture of health 
outcome data. Subjects were aged 18–49 years at time of vacci-
nation, as LAIV is contraindicated in adults aged >49 years. In 
addition, those with contraindications for LAIV (pregnancy and 
significant comorbidities, such as human immunodeficiency 
virus, diabetes, asthma, chronic obstructive pulmonary disease, 
and cancer) were excluded, as this group may not mount an 
adequate response to the vaccination. Influenza vaccination is 
mandatory in the military, and waivers are rarely granted on 
stringent medical or religious grounds; thus, members who 
did not receive at least 1 influenza vaccine were also excluded. 
Lastly, as the pH1N1 pandemic started prior to vaccine avail-
ability and was the predominant circulating strain, subjects who 
were diagnosed with an ILI prior to 14 days after vaccination 
with any influenza vaccine were excluded because of the pos-
sibility they had already been infected with the pH1N1 virus 
and vaccine effects would not be demonstrated. Information on 
demographics, military characteristics, and comorbidities were 
included to identify potential risk factors for ILI. The study was 
approved by the Naval Health Research Center Institutional 
Review Board (NHRC.2014.0033).

Study Outcomes

Although laboratory-confirmed influenza is more specific, diag-
nostic testing was not frequently performed as recommended 
by the CDC during the pandemic; therefore, our primary out-
come of interest was ILI events, which were defined according 
to a set of International Classification of Disease, Ninth Edition, 
Clinical Modification codes. These codes have been used in 
prior studies evaluating the correspondence of diagnostic codes 
to laboratory-diagnosed influenza (079.99, 382.9, 460, 461.9, 
465.8, 465.9, 466, 486, 487, 487.1, 487.8, 490, 780.6, and 786.2) 
[27, 28]. The occurence of any of these codes in the first 2 diag-
nostic fields were considered a single ILI event. If oseltamivir, 
zanamivir, amantadine, or rimantadine was dispensed, that was 
also considered an ILI event. As secondary outcomes, we stud-
ied diagnoses of influenza (487.0, 487.1, and 487.8) and pneu-
monia (486), which are included in the ILI diagnostic codes. 
If either influenza or pneumonia were used, additional relative 
risk analysis was performed.

Subjects were examined for outcomes over time, and results 
were stratified into several groups based on their first vaccina-
tion. Events from 1 May 2009 to <14 days after receipt of first 
influenza vaccine were excluded. Outcomes were captured 

starting 14 days after receipt of their first influenza vaccination 
so the person would contribute to that group (eg, seasonal influ-
enza vaccine). If a second vaccine was received at a later date, 
then 14  days after this second vaccination, the person would 
contribute to the group with that combination (eg, season-
al+pH1N1 vaccines). Only the first ILI event per person during 
the study period was used, and subjects were censored at that 
point for further events; however, they continued to be counted 
in the denominator for all members who served during the 
12-month period.

Statistical Analysis

Descriptive statistics for all demographic variables and out-
comes are presented as numbers (percentages) for categorical 
variables, with medians and means (standard deviations) for 
continuous variables. Univariable analyses, including χ2 tests, 
were used to examine unadjusted associations of the study 
outcomes (ILI, influenza, and pneumonia cases) with vaccine 
combinations. Relative risk (RR) is presented for each main out-
come by vaccine exposure. Confidence intervals and P values 
are not reported as this is a population analysis, that is, not a 
sample. All data analyses were completed using SAS software, 
version 9.3 (SAS Institute).

RESULTS

Study Population Characteristics

There were 1 339 470 members on active duty during the study 
period. The total cohort, after inclusion and exclusion criteria 
were applied, was 621 823 who received at least 1 influenza vac-
cine (either seasonal, pH1N1, or both) without preceding ILI 
(Figure 1). In this population, the average age was 28.5 years, 
88.6% were male, 82.1% enlisted rank, and 74.3% had no more 
than a high school degree. The Army was the predominant 
service branch (43.3%), and most resided in the South (56.5%) 
(Table 1). A total of 36 655 (5.89%) service members received 
the seasonal vaccine only, 47 133 (7.58%) received the pH1N1 
only, and the majority of this cohort—538 035 (86.53%)—
received both the seasonal and pH1N1 vaccinations (Table 1).

Of the group receiving both the seasonal and pH1N1 vac-
cinations, there were 196 768 (36.57%) service members who 
received TIV+pH1N1, whereas 341 267 (63.43%) received 
LAIV+pH1N1 (Table 2). The median age was 27 years for both 
groups; however, the TIV+pH1N1 group included more sub-
jects who were females; officers; serving in the Army, Coast 
Guard, or Marine Corps (compared with the Air Force); in a 
healthcare occupation; or residing in the South.

Outcomes
Influenza-like Illness, Influenza, and Pneumonia Events
Of all the subjects who received at least 1 influenza vaccine 
(621 823), 43 757 ILI events were diagnosed during the study 
period for an incidence rate of 7.04% (Table 1). Most subjects 



1842  •  CID  2019:68  (1 June)  •  Lee et al

received both the seasonal and pH1N1 vaccines (86.53%). The 
ILI rate for those who received only the seasonal vaccination 
was 13.14%, whereas those who received either the pH1N1 
alone or in combination with the seasonal influenza vaccine 
had much lower rates (6.46% and 6.67%, respectively), resulting 
in a 49%–51% risk reduction (Table 3).

There were 853 cases of influenza and 1259 cases of pneumo-
nia during the study period that included subjects who received 
at least 1 influenza vaccination (Table 1). In the group receiving 
the seasonal influenza vaccine only, there was an incidence rate 
of 0.79% for influenza and 0.52% for pneumonia, whereas the 

group receiving pH1N1 alone had a rate of 0.09% and 0.19%, and 
the combination group had a rate of 0.10% and 0.18% (Table 1).

There were 521 cases of influenza and 978 cases of pneumonia 
in the group receiving both the seasonal and pH1N1 vaccines. 
The TIV+pH1N1 and LAIV+pH1N1 groups had similar rates of 
ILI (6.8% and 6.6%, respectively), influenza (0.10% and 0.09%, 
respectively), and pneumonia (0.20% and 0.17%, respectively) 
(Table 2). Compared with the seasonal influenza vaccine alone, 
pH1N1 reduced the risk for ILI (RR, 0.49), influenza (RR, 0.11), 
and pneumonia (RR, 0.37). The formulation of the seasonal 
influenza vaccine did not affect the efficacy of pH1N1 (Table 3).

Table  1.  Study Population Characteristics and Outcome Data of Subjects, Aged 18–49 Years, Who Received at Least 1 Influenza Vaccine During the 
Pandemic H1N1 2009–2010

Study Cohort Seasonal Only pH1N1 Only Seasonal (Any) + pH1N1

n (%) n (%) n (%) n (%)

Vaccination events 621 823 (100.0) 36 655 (5.89) 47 133 (7.58) 538 035 (86.53)

  ILI event 43 757 (7.04) 4815 (13.14) 3043 (6.46) 35 899 (6.67)

  Influenza 853 (0.14) 290 (0.79) 42 (0.09) 521 (0.10)

  Pneumonia 1259 (0.20) 191 (0.52) 90 (0.19) 978 (0.18)

Demographics

  Age, mean (SD) 28.5 (7.3) 29.6 (7.8) 28.9 (7.6) 28.4 (7.3)

  Median 27.0 28.0 27.0 27.0

  Age categories

    18–24 232 255 (37.4) 11 673 (31.8) 16 849 (35.8) 203 733 (37.9)

    25–30 173 515 (27.9) 10 074 (27.5) 12 872 (27.3) 150 569 (28.0)

    31–49 216 053 (34.7) 14 908 (40.7) 17 412 (36.9) 183 733 (34.2)

  Sex

    Male 551 199 (88.6) 32 531 (88.7) 41 390 (87.8) 477 288 (88.7)

    Female 70 624 (11.4) 4134 (11.3) 5743 (12.2) 60 747 (11.3)

  Race

    Black 94 889 (15.3) 5568 (15.2) 6776 (14.4) 82 545 (15.3)

    White 411 589 (66.2) 23 863 (65.1) 30 798 (65.3) 356 928 (66.3)

    Other 115 345 (18.5) 7224 (19.7) 9559 (20.3) 98 562 (18.3)

  Service

    Army 263 181 (43.3) 9734 (25.6) 15 541 (33.0) 237 906 (44.2)

    Coast Guard 24 993 (4.0) 993 (2.7) 5534 (11.7) 18 466 (3.4)

    Air Force 159 391 (25.6) 5997 (16.4) 6272 (13.3) 147 122 (27.3)

    Marine Corps 97 498 (15.7) 9273 (25.3) 8388 (17.8) 79 837 (14.8)

    Navy 76 760 (12.3) 10 658 (29.1) 11 398 (24.2) 54 704 (10.2)

  Rank

    Enlisted 510 678 (82.1) 28 221 (77.0) 37 485 (79.5) 444 972 (82.7)

    Officer 111 145 (17.9) 8434 (23.0) 9648 (20.5) 93 063 (17.3)

  Education

    ≤High school 462 266 (74.3) 25 789 (70.4) 35 412 (75.1) 401 065 (74.5)

    ≥Some college 159 557 (25.7) 10 866 (29.6) 11 721 (24.9) 136 970 (25.5)

  Occupation

    Infantry 143 106 (23.0) 8487 (23.1) 10 395 (22.0) 124 244 (23.1)

    Healthcare 52 248 (8.4) 1789 (4.9) 5280 (11.2) 45 179 (8.4)

    Other 426 469 (68.6) 26 379 (72.0) 31 458 (66.7) 368 632 (68.5)

  US geographical area

    Middle 78 683 (12.6) 4185 (11.4) 3227 (6.9) 71 271 (13.2)

    Northeast 31 451 (5.1) 1578 (4.3) 4531 (9.6) 25 342 (4.7)

    South 351 600 (56.5) 23 143 (63.1) 25 735 (54.6) 302 722 (56.3)

    West 160 089 (25.8) 7749 (21.1) 13 640 (28.9) 138 700 (25.8)

Abbreviations: ILI, influenza-like illness; SD, standard deviation.
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Table 2.  Study Population Characteristics and Outcome Data of Subjects Who Received Both Seasonal and Monovalent pH1N1 Influenza Vaccines

Seasonal (Any) + pH1N1 Seasonal TIV + pH1N1 Seasonal LAIV + pH1N1

n (%) n (%) n (%)

Vaccination events 538 035 (100.0) 196 768 (36.57) 341 267 (63.43)

  ILI event 35 899 (6.67) 13 388 (6.80) 22 511 (6.60)

  Influenza 521 (0.10) 197 (0.10) 324 (0.09)

  Pneumonia 978 (0.18) 384 (0.20) 594 (0.17)

Demographics

  Age

  Mean (SD) 28.4 (7.3) 28.5 (7.3) 28.4 (7.3)

  Median 27.0 27.0 27.0

  Age categories

    18–24 203 733 (37.9) 74 128 (37.7) 129 605 (38.0)

    25–30 150 569 (28.0) 55 357 (28.1) 95 212 (27.9)

    31–49 183 733 (34.2) 67 283 (34.2) 116 450 (34.1)

  Gender

    Male 477 288 (88.7) 172 720 (87.8) 304 568 (89.2)

    Female 60 747 (11.3) 24 048 (12.2) 36 699 (10.8)

  Race

    Black 82 545 (15.3) 29 502 (15.0) 53 043 (15.5)

    White 356 928 (66.3) 129 506 (65.8) 227 422 (66.6)

    Other 98 562 (18.3) 37 760 (19.2) 60 802 (17.8)

  Service

    Army 237 906 (44.2) 90 756 (46.1) 147 150 (43.1)

    Coast Guard 18 466 (3.4) 10 315 (5.2) 8151 (2.4)

    Air Force 147 122 (27.3) 42 374 (21.5) 104 748 (30.7)

    Marine Corps 79 837 (14.8) 33 618 (17.1) 46 219 (13.5)

    Navy 54 704 (10.2) 19 705 (10.0) 34 999 (10.3)

  Rank

    Enlisted 444 972 (82.7) 161 873 (82.3) 283 099 (83.0)

    Officer 93 063 (17.3) 34 895 (17.7) 58 168 (17.0)

  Education

    ≤High school 401 065 (74.5) 148 433 (75.4) 252 632 (74.0)

    ≥Some college 136 970 (25.5) 48 335 (24.6) 88 635 (26.0)

  Occupation

    Infantry 124 244 (23.1) 45 030 (22.9) 79 194 (23.2)

    Healthcare 45 179 (8.4) 19 592 (10.0) 25 587 (7.5)

    Other 368 632 (68.5) 132 146 (67.2) 236 486 (69.3)

  US geographical area

    Middle 71 271 (13.2) 18 397 (9.3) 52 874 (15.5)

    Northeast 25 342 (4.7) 8293 (4.2) 17 049 (5.0)

    South 302 722 (56.3) 116 244 (59.1) 186 478 (54.6)

    West 138 700 (25.8) 53 834 (27.4) 84 866 (24.9)

Abbreviations: ILI, influenza-like illness; LAIV, live, attenuated influenza vaccine; TIV, trivalent inactivated influenza vaccine.

Table 3.  Relative Risk (RR) of Influenza-like Illness (ILI), Influenza, and Pneumonia by Vaccine Type and Formulation

Outcomes

Seasonal Only 
(n = 36 655)

pH1N1 Only
(n = 47 133)

Seasonal (Any) + pH1N1
(n = 538 035)

TIV + pH1N1
(n = 196 768)

LAIV + pH1N1
(n = 341 267)

n (%) n (%) RRa n (%) RRa n (%) RRa n (%) RRa

ILI 4815 (13.14) 3043 (6.46) 0.49 35 899 (6.67) 0.51 13 388 (6.80) 0.52 22 511 (6.60) 0.50

Influenza 290 (0.79) 42 (0.09) 0.11 521 (0.10) 0.12 197 (0.10) 0.13 324 (0.09) 0.12

Pneumonia 191 (0.52) 90 (0.19) 0.37 978 (0.18) 0.35 384 (0.20) 0.37 594 (0.17) 0.33

Abbreviations: LAIV, live, attenuated influenza vaccine; TIV, trivalent inactivated influenza vaccine.
aCompared with those receiving seasonal influenza vaccine only.
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DISCUSSION

To our knowledge, this is one of the largest systematic analyses 
comparing the effect of formulation of the seasonal influenza 
vaccination on the clinical efficacy of the pH1N1 vaccination 
in a healthy adult population. In our highly vaccinated popu-
lation with open access to medical care, there was no clinically 
significant difference in ILI, influenza, or pneumonia attack 
rates among those receiving the pH1N1 vaccine with or without 
receipt of the seasonal vaccine. Similarly, there was no clinically 
relevant difference in pH1N1 effectiveness between seasonal 
TIV and LAIV recipients. As with our other study, there were 
lower rates of ILI in Army and Marine Corps branches of ser-
vice, infantry occupations, and officer rank, and higher ILI rates 
were observed in healthcare occupations and females [29]. Our 
study demonstrates that in healthy, young adults, regardless 
of seasonal vaccination status, immunization with the pH1N1 
vaccination was effective in reducing the incidence of clinical 
encounters for ILI, influenza, and pneumonia compared with 
the seasonal vaccine alone.

As vaccination is the main preventive strategy for influenza, 
optimizing formations and identifying factors that interfere 
with efficacy are vital. We recently showed that in a healthy, 
young adult population, there was no difference in rates of 
ILI, influenza, or pneumonia between the LAIV and TIV sea-
sonal vaccine recipients over 3 consecutive influenza seasons. 
However, in another study, TIV was associated with fewer med-
ical encounters when compared with LAIV [29–31].

Many studies have evaluated the impact of the prior season’s 
influenza vaccine (2008–9), primarily TIV, on the pH1N1 vac-
cination or infection with conflicting results [13, 14, 16, 23, 24]. 
However, most of these studies focused on the first peak (April–
July 2009) of the pandemic, whereas our study focused on the 
second peak (October 2009 onward) after the 2009–10 seasonal 
influenza vaccine and the pH1N1 monovalent vaccine.

There are multiple viral epitopes shared between the pan-
demic and seasonal H1N1 viruses, which may be involved in 
the priming effect, and thus, there is a plausible cross-reactive 
response [32, 33]. Compared with the swine flu in the 1970s 
where 2 doses of vaccine were needed to immunize a naive 
population, during the 2009 pandemic, 1 dose was sufficient in 
eliciting a protective response alluding to a prior vaccination 
or infection that primed them for adequate protection [34, 35]. 
When examining the epidemiology of the 2009 pandemic, it is 
clear that older populations were less affected due to prior expo-
sure to antigenically related infection or vaccination. Therefore, 
identifying factors that produce a priming effect and enhance 
response is important in understanding how to improve efficacy 
of the influenza vaccine. When evaluating the possible impact 
of the seasonal vaccine formulation, there are very few studies 
that have examined this hypothesis. Animal studies by Chen 
et al are the only ones where there is a direct comparison of sea-
sonal TIV and LAIV immunization prior to pH1N1 vaccination 

[25]. In these elegantly designed studies, prior priming with 
either the seasonal LAIV or seasonal H1N1 infection, followed 
by a single-dose pH1N1 vaccine, produced robust serologic and 
cellular response to pH1N1 virus challenge, whereas seasonal 
TIV did not have this effect nor did a single dose of pH1N1 
vaccination [25].

As demonstrated in other studies, infection with any strain 
of influenza produces a “short-lived strain-transcending immu-
nity,” which is hypothesized to last between 3 and 6  months 
[36]. Therefore, those who were immunized during the 2008–9 
season were less likely to get infected with the seasonal strain 
and subsequently had increased susceptibility to the pH1N1 
infection by not having the temporary immunity from infection 
by the seasonal strain [36, 37]. In a study modeling this concept, 
Mercer et al supported this idea that risk was not from the vac-
cine itself, rather the prevention of infection that precluded the 
temporary immunity, although this was studied during the first 
wave of the pandemic [37].

There are potential reasons for variable immune responses to 
the different formulations. TIV production involves an inacti-
vating step, which may destroy some of the antigenic epitopes, 
thus generating a more restricted immune response. This may 
potentially reduce common epitopes that could be important in 
the response to either the pH1N1 infection and/or vaccination. 
There are also different adjuvants used with TIV depending on 
the manufacture; in 1 animal study, the adjuvant in the seasonal 
influenza vaccine was associated with the priming effect [38]. 
Because LAIV is a live virus, which does not include an inactivat-
ing step, this allows for a wider range of immune response simi-
lar to that seen with natural infection. This may mechanistically 
provide a similar strain-transcending immunity compared with 
TIV, which provides more strain-specific immunity. There are 
experimental studies into pseudotyped influenza virus vaccines 
to induce immunity broadly among all strains with goals to create 
a universal flu vaccine [39, 40]. Laboratory measure of influenza 
vaccine response is typically limited to serology; however, other 
immune responses, such as other parts of adaptive immunity as 
well as innate immunity, are not currently examined in most vac-
cine studies. Furthermore, detected levels of antibody differ from 
neutralizing antibody responses, which may be associated with 
differing clinical outcomes. Short- and long-term immunity are 
mediated by differing mechanisms as well.

Potential limitations of our study included the impact of other 
variables on influenza rates over time beyond vaccinations (eg, 
public health responses and natural waning of infections over 
time); we anticipate these factors will be balanced between vaccine 
groups. Another potential limitation was that vaccination data 
were obtained from electronic records and subject to reporting 
errors and misclassification. However, we believe this was non-
differential in nature. The reasons that some military members 
are vaccinated and the type of vaccine received may be subject to 
bias. On the other hand, because all military members have free 
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and open access to care and vaccine types are usually the result 
of availability issues, we anticipate these potential selection biases 
will be minimal. Our subjects received the 2 vaccines at variable 
times. Although most received the seasonal vaccination first, some 
received both at the same time; thus, duration of time between the 
2 vaccines may affect potential interaction. As our study popula-
tion was young, healthy, and highly vaccinated, there may have 
been less ILI, confirmed influenza, pneumonia diagnoses, and 
hospitalizations, which could have lessened our likelihood of cap-
turing potential associations. Those with minor respiratory illness 
may not have sought medical attention, and subclinical infection 
would be missed in this analysis. In addition to being younger 
and generally healthy, military service members are a geograph-
ically diverse population and therefore may not reflect the general 
adult population or a hospital based sample, specific geographic 
regions, all demographics, or socioeconomic groups. We did not 
look for confounders and compare relative risk in our analysis. We 
did not study older adults (aged >49 years) or those with medi-
cal conditions that may affect their outcomes. Finally, our study 
was observational rather than a prospective, controlled trial. Thus, 
more research on the potential impact of formulation with labo-
ratory-confirmed influenza, especially among healthcare workers, 
women, and more diverse populations, is warranted.

In conclusion, formulation of the seasonal influenza vacci-
nation did not make a significant impact on diagnosis of ILI, 
influenza, or pneumonia. Our study clearly demonstrated that 
receiving the pH1N1 vaccine or vaccine combination contain-
ing the predominant circulating strain, pH1N1, was highly pro-
tective for preventing ILI, influenza, and pneumonia events in 
young, healthy adults. The potential impact of vaccine formu-
lation and optimizing strategies must be considered in future 
planning and approaches to improve prevention.

Notes
Author contributions.  All authors contributed to the study question 

and design. C.  P.  performed the analysis. R.  L.  and D.  F.  interpreted the 
results and R. L. developed the draft. All authors contributed to the manu-
script revisions and approved the final version for publication. The funding 
organization did not have a role in the study design, collection, analysis or 
interpretation of data, or writing of the manuscript.

Disclaimer.  The US military service members are R. L., D. F. and C. 
P. (former). The biostatistician (C. P.) is also a federal employee. This work 
was prepared as part of my official duties. Title 17, U.S.C. §105 provides the 
“Copyright protection under this title is not available for any work of the 
United States Government.” Title 17, U.S.C. §101 defines a US Government 
work as work prepared by a military service member or employee of the US 
Government as part of that person’s official duties. 

Financial support.  Report No. 18-XX was supported by the US Navy 
Bureau of Medicine and Surgery under work unit no. N1412, funded by the 
Defense Health Agency’s Immunization Healthcare Branch (formerly called 
the Military Vaccine Agency) MILVAX 13_64. The views expressed in this 
article are those of the authors and do not necessarily reflect the official 
policy or position of the Department of the Navy, Department of the Army, 
Department of the Air Force, Department of Veterans Affairs, Department 
of Defense, or the US Government. Approved for public release; distribu-
tion unlimited. Human subjects participated in this study after giving their 
free and informed consent. This research has been conducted in compliance 

with all applicable federal regulations governing the protection of human 
subjects in research (NHRC.2014.0033).

Potential conflicts of interest.  All authors: No reported conflicts of 
interest. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. Conflicts that the editors consider relevant to 
the content of the manuscript have been disclosed.

References
1.	 Novel Swine-Origin Influenza A  (H1N1) Virus Investigation Team, Dawood 

FS, Jain S, et al. Emergence of a novel swine-origin influenza A (H1N1) virus in 
humans. N Engl J Med 2009; 360:2605–15.

2.	 Jhung MA, Swerdlow D, Olsen SJ, et al. Epidemiology of 2009 pandemic influenza 
A (H1N1) in the United States. Clin Infect Dis 2011; 52:S13–26.

3.	 Hancock K, Veguilla V, Lu X, et al. Cross-reactive antibody responses to the 2009 
pandemic H1N1 influenza virus. N Engl J Med 2009; 361:1945–52.

4.	 Thompson WW, Shay DK, Weintraub E, et al. Influenza-associated hospitaliza-
tions in the United States. JAMA 2004; 292:1333–40.

5.	 Tricco AC, Chit A, Soobiah C, et al. Comparing influenza vaccine efficacy against 
mismatched and matched strains: a systematic review and meta-analysis. BMC 
Med 2013; 11:153.

6.	 Nichol KL, Treanor JJ. Vaccines for seasonal and pandemic influenza. J Infect Dis 
2006; 194:S111–8.

7.	 Fiore AE, Shay DK, Broder K, et al. Prevention and control of seasonal influenza 
with vaccines: recommendations of the Advisory Committee on Immunization 
Practices (ACIP), 2009. MMWR Recomm Rep 2009; 58:1–52.

8.	 Chung JR, Flannery B, Thompson MG, et al. Seasonal effectiveness of live attenu-
ated and inactivated influenza vaccine. Pediatrics 2016; 137:e20153279.

9.	 Gaglani M, Pruszynski J, Murthy K, et al. Influenza vaccine effectiveness against 
2009 pandemic influenza A(H1N1) virus differed by vaccine type during 2013–
2014 in the United States. J Infect Dis 2016; 213:1546–56.

10.	 Grohskopf LA, Sokolow LZ, Broder KR, et al. Prevention and control of seasonal 
influenza with vaccines. MMWR Recomm Rep 2016; 65:1–54.

11.	 Grohskopf LA, Sokolow LZ, Broder KR, et  al. Prevention and control of sea-
sonal influenza with vaccines: recommendations of the Advisory Committee 
on Immunization Practices – United States, 2017–18 influenza season. MMWR 
Recomm Rep 2017; 66:1–20.

12.	 Centers for Disease Control and Prevention. Update: influenza activity – United 
States, 2009–10 Season. MMWR Morb Mortal Wkly Rep 2010; 59:901–8.

13.	 Johns MC, Eick AA, Blazes DL, et al. Seasonal influenza vaccine and protection 
against pandemic (H1N1) 2009-associated illness among US military personnel. 
PLoS One 2010; 5:e10722.

14.	 Garcia-Garcia L, Valdespino-Gómez JL, Lazcano-Ponce E, et al. Partial protec-
tion of seasonal trivalent inactivated vaccine against novel pandemic influenza A/
H1N1 2009: case-control study in Mexico City. BMJ 2009; 339:b3928.

15.	 Loeb M, Earn DJ, Smieja M, Webby R. Pandemic (H1N1) 2009 risk for nurses 
after trivalent vaccination. Emerg Infect Dis 2010; 16:719–20.

16.	 Chao DY, Cheng KF, Li TC, et al. Factors associated with infection by 2009 pan-
demic H1N1 influenza virus during different phases of the epidemic. Int J Infect 
Dis 2011; 15:e695–701.

17.	 Cowling BJ, Ng S, Ma ES, et al. Protective efficacy against pandemic influenza 
of seasonal influenza vaccination in children in Hong Kong: a randomized con-
trolled trial. Clin Infect Dis 2012; 55:695–702.

18.	 Kelly H, Grant K. Interim analysis of pandemic influenza (H1N1) 2009 in 
Australia: surveillance trends, age of infection and effectiveness of seasonal vacci-
nation. Euro Surveill 2009; 14:1–5.

19.	 Vajo Z, Tamas F, Sinka L, Jankovics I. Safety and immunogenicity of a 2009 pan-
demic influenza A  H1N1 vaccine when administered alone or simultaneously 
with the seasonal influenza vaccine for the 2009–10 influenza season: a multi-
centre, randomised controlled trial. Lancet 2010; 375:49–55.

20.	 Centers for Disease Control and Prevention. Effectiveness of 2008–09 trivalent 
influenza vaccine against 2009 pandemic influenza A  (H1N1): United States, 
May–June 2009. MMWR Morb Mortal Wkly Rep 2009; 58:1241–5.

21.	 Centers for Disease Control and Prevention. Serum cross-reactive antibody 
response to a novel influenza A  (H1N1) virus after vaccination with seasonal 
influenza vaccine. MMWR Morb Mortal Wkly Rep 2009; 58:521–4.

22.	 Wu J, Zhong X, Li CK, et al. Optimal vaccination strategies for 2009 pandemic 
H1N1 and seasonal influenza vaccines in humans. Vaccine 2011; 29:1009–16.

23.	 Ohfuji S, Fukushima W, Deguchi M, et al. Immunogenicity of a monovalent 2009 
influenza A (H1N1) vaccine among pregnant women: lowered antibody response 
by prior seasonal vaccination. J Infect Dis 2011; 203:1301–8.

24.	 Skowronski DM, De Serres G, Crowcroft NS, et al. Association between the 2008–
09 seasonal influenza vaccine and pandemic H1N1 illness during Spring–Summer 
2009: four observational studies from Canada. PLoS Med 2010; 7:e1000258.



1846  •  CID  2019:68  (1 June)  •  Lee et al

25.	 Chen GL, Lau YF, Lamirande EW, McCall AW, Subbarao K. Seasonal influenza 
infection and live vaccine prime for a response to the 2009 pandemic H1N1 vac-
cine. Proc Natl Acad Sci U S A 2011; 108:1140–5.

26.	 Loebermann M, Anders G, Brestrich G, et  al. Safety and immunogenicity of a 
trivalent single dose seasonal influenza vaccine containing pandemic A(H1N1) 
antigen in younger and elderly subjects: a phase III open-label single-arm study. 
Vaccine 2011; 29:1228–34.

27.	 Marsden-Haug N, Foster VB, Gould PL, Elbert E, Wang H, Pavlin JA. Code-based 
syndromic surveillance for influenzalike illness by International Classification of 
Diseases, Ninth Revision. Emerg Infect Dis 2007; 13:207–16.

28.	 Eick AA, Wang Z, Hughes H, Ford SM, Tobler SK. Comparison of the trivalent 
live attenuated vs. inactivated influenza vaccines among U.S.  military service 
members. Vaccine 2009; 27:3568–75.

29.	 Phillips CJ, Woolpert T, Sevick C, Faix D, Blair PJ, Crum-Cianflone NF. 
Comparison of the effectiveness of trivalent inactivated influenza vaccine and 
live, attenuated influenza vaccine in preventing influenza-like illness among US 
military service members, 2006–2009. Clin Infect Dis 2013; 56:11–9.

30.	 Belshe RB, Edwards KM, Vesikari T, et al. Live attenuated versus inactivated influ-
enza vaccine in infants and young children. N Engl J Med 2007; 356:685–96.

31.	 Wang Z, Tobler S, Roayaei J, Eick A. Live attenuated or inactivated influenza vac-
cines and medical encounters for respiratory illnesses among US military person-
nel. JAMA 2009; 301:945–53.

32.	 Greenbaum JA, Kotturi MF, Kim Y, et al. Pre-existing immunity against swine-or-
igin H1N1 influenza viruses in the general human population. Proc Natl Acad Sci 
U S A 2009; 106:20365–70.

33.	 Tu W, Mao H, Zheng J, et al. Cytotoxic T lymphocytes established by seasonal 
human influenza cross-react against 2009 pandemic H1N1 influenza virus. J 
Virol 2010; 84:6527–35.

34.	 Parkman PD, Hopps HE, Rastogi SC, Meyer HM. Summary of clinical trials of 
influenza vaccines in adults. J Infect Dis 1977; 136:S722–30.

35.	 Greenberg ME, Lai MH, Hartel GF, et al. Response to a monovalent 2009 influ-
enza A (H1N1) vaccine. N Engl J Med 2009; 361:2405–13.

36.	 Ferguson NM, Galvani AP, Bush RM. Ecological and immunological determi-
nants of influenza evolution. Nature 2003; 422:428–33.

37.	 Mercer GN, Barry SI, Kelly H. Modelling the effect of seasonal influenza vacci-
nation on the risk of pandemic influenza infection. BMC Public Health 2011; 11 
(Suppl 1):S11.

38.	 Del Guidice G, Stittelaar KJ, van Amerongen G, et al. Seasonal influenza vaccine 
provides priming for A/H1N1 immunization. Sci Transl Med 2009;1:12.

39.	 Powell TJ, Silk JD, Sharps J, Fodor E, Townsend AR. Pseudotyped influenza 
A  virus as a vaccine for the induction of heterotypic immunity. J Virol 2012; 
86:13397–406.

40.	 Paules CI, Sullivan SG, Subbarao K, Fauci AS. Chasing seasonal influenza: the 
need for a universal influenza vaccine. N Engl J Med 2018; 378:7–9.


