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Background. Since 2013, quadrivalent influenza vaccines containing 2 B viruses gradually replaced trivalent vaccines in the 
United States. We compared the vaccine effectiveness of quadrivalent to trivalent inactivated vaccines (IIV4 to IIV3, respectively) 
against illness due to influenza B during the transition, when IIV4 use increased rapidly.

Methods. The US Influenza Vaccine Effectiveness (Flu VE) Network analyzed 25 019 of 42 600 outpatients aged ≥6 months who 
enrolled within 7 days of illness onset during 6 seasons from 2011–2012. Upper respiratory specimens were tested for the influenza 
virus type and B lineage. Using logistic regression, we estimated IIV4 or IIV3 effectiveness by comparing the odds of an influenza B 
infection overall and the odds of B lineage among vaccinated versus unvaccinated participants. Over 4 seasons from 2013–2014, we 
compared the relative odds of an influenza B infection among IIV4 versus IIV3 recipients.

Results. Trivalent vaccines included the predominantly circulating B lineage in 4 of 6 seasons. During 4 influenza seasons when 
both IIV4 and IIV3 were widely used, the overall effectiveness against any influenza B was 53% (95% confidence interval [CI], 45–59) 
for IIV4 versus 45% (95% CI, 34–54) for IIV3. IIV4 was more effective than IIV3 against the B lineage not included in IIV3, but com-
parative effectiveness against illnesses related to any influenza B favored neither vaccine valency.

Conclusions. The uptake of quadrivalent inactivated influenza vaccines was not associated with increased protection against any 
influenza B illness, despite the higher effectiveness of quadrivalent vaccines against the added B virus lineage. Public health impact 
and cost-benefit analyses are needed globally.
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First detected in 1940, type B viruses contribute substantially to 
the annual global disease burden of influenza, including hospi-
talization and mortality in children and adults [1]. There are 2 
distinct influenza B lineages (Victoria and Yamagata) identified 
based on antigenic relatedness to hemagglutinin proteins of ref-
erence strains B/Victoria/02/87 and B/Yamagata/16/88, respec-
tively. Both lineages have cocirculated worldwide over the last 
3 decades [1–3]. Trivalent vaccines include 1 B lineage, along 
with A(H1N1) and A(H3N2) antigens. The selection of the B 
lineage included in trivalent vaccines occurs twice annually: 

once each for Northern and Southern hemisphere vaccine for-
mulations [4]. The reassortment of gene segments and genetic 
mutations in the surface glycoproteins give rise to diverse B 
virus genotypes, which may require vaccine strain updates [5, 
6]. B/Victoria viruses commonly infect naive children and ado-
lescents, whereas B/Yamagata infections have a bimodal age dis-
tribution affecting children and adults aged ~30–64 years [7, 8]. 
In the United States, since 2000, the B lineage included in triva-
lent inactivated influenza vaccines (IIV3) was mismatched with 
the predominant B lineage in circulation during almost half of 
the seasons, confirming the difficulty of predicting which lin-
eage might predominate [9, 10]. Models estimating the public 
health impact of quadrivalent inactivated influenza vaccines 
(IIV4) containing both B lineages suggested the potential for 
modest reductions in influenza-associated outcomes, assuming 
no cross-lineage protection for IIV3 [9]. However, limited data 
were available on cross-lineage immunogenicity and no rel-
ative efficacy studies were conducted. Formulations of IIV4 
were first distributed in the United States in 2013–2014, and 
gradually replaced IIV3 in most age groups, leaving a unique, 
narrow window to fill the evidence gap comparing the vaccine 
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effectiveness (VE) of IIV3 and IIV4 against the 2 B lineages 
[11, 12]. We were testing the hypothesis that the VE of IIV4 
would be better than that of IIV3 against any influenza B ill-
ness, because of the additional B-lineage virus included in IIV4. 
We did not include the B lineage mismatched season of 2017–
2018 in this analysis, because 97% of the network participants 
aged <65 years received IIV4 [13].

Because many countries have continued using IIV3, data 
comparing the effectiveness of IIV3 and IIV4 are important 
for informing the choice of the B lineage virus included in 
IIV3. A  recent review found that >40% of 194 World Health 
Organization member states, most of which are low- and 
middle-income countries, have no national influenza immuni-
zation policy [14]. Despite global evidence for B lineage mis-
matches with IIV3 [15], national health authorities have diverse 
recommendations regarding the permissive or preferential use 
of IIV4 [16]. Herein, we report the effectiveness of IIV3 and IIV4 
against medically attended illness due to influenza B and each B 
lineage separately, including cross-lineage protection for IIV3, 
using data from the US Influenza VE (Flu VE) Network during 
6 seasons, 2011–2012 to 2016–2017, including 4 seasons when 
both trivalent and quadrivalent vaccines were widely used.

METHODS

Study Population

The US Flu VE Network methods have been reported previously 
[17–22]. We enrolled eligible participants during the 2011–
2012 to 2016–2017 seasons, based on local influenza surveil-
lance at sites in Wisconsin, Washington, Texas, Pennsylvania, 
and Michigan. Patients aged ≥6 months as of 1 September of 
each year who presented to ambulatory care with an acute respi-
ratory illness with a cough of ≤7 days duration and who had not 
received influenza antivirals were eligible (see Supplementary 
Methods for details) [21].

Influenza Vaccines

B/Brisbane/60/2008 (Victoria) was included in IIV3 in 
2010–2011 and 2011–2012, B/Wisconsin/1/2010 (Yamagata) 
in 2012–2013, B/Massachusetts/2/2012 (Yamagata) from 
2013–2014 to 2014–2015, B/Phuket/3073/2013 (Yamagata) in 
2015–2016, and B/Brisbane/60/2008 (Victoria) in 2016–2017 
(Supplementary Table S1) [23–30]. In addition, IIV4 included 
B/Brisbane/60/2008 (Victoria) from 2013–2014 to 2015–2016 
and B/Phuket/3073/2013 (Yamagata) in 2016–2017.

Influenza Vaccination

To verify receipt of IIV3 or IIV4 ≥14 days before illness onset, 
we used the vaccine lot number and/or trade name, manufac-
turer, and route of administration documented in electronic 
medical records, employee health records, and immunization 
registries. We excluded participants with an undocumented or 
indeterminate vaccination status (Supplementary Table S2).

Laboratory Methods

Combined nasal and oropharyngeal swab specimens (nasal 
swabs only in children aged <2 years) were tested for influenza 
type A and B virus infections and for B lineage, using real-time, 
reverse-transcriptase polymerase chain reaction with primers, 
probes, and standard methods provided by the Centers for Disease 
Control and Prevention. Antigenic and genetic characterization 
methods are provided in the Supplementary Methods [30, 31].

Statistical Analyses

Inclusion and exclusion criteria for analyses are provided in 
the Supplementary Methods and Supplementary Table S2. 
Unadjusted VE estimates were calculated for influenza B and for 
each B lineage as [1- OR]*100, where OR is the odds ratio for 
influenza among vaccinated versus unvaccinated persons from 
logistic regression models. A priori, estimates were adjusted for 
age, season, study site, calendar time, and the presence of any 
high-risk, chronic medical condition, according to the Advisory 
Committee on Immunization Practices [21, 32]. The addition 
of other variables did not change the estimates by ≥5%. Age in 
years was modeled as linear tail-restricted natural cubic spline 
functions with 5 percentile knots [18]. During each season, the 
calendar time in weeks was divided into tertiles (pre-peak, peak, 
and post-peak), based on the numbers of patients enrolled at 
each site. To account for small sample sizes, adjusted estimates 
were obtained from Firth’s penalized logistic regression.

We estimated IIV3 effectiveness against any influenza B and 
each B lineage separately during 6 influenza seasons from 2011–
2012 to 2016–2017, and for IIV3 and IIV4 during 4 seasons from 
2013–2014 to 2016–2017. Similarly, we used logistic regression 
to estimate the adjusted relative odds of influenza B and each 
B-lineage infection, comparing IIV3 to IIV4 during 2013–2014 
to 2016–2017. Analyses were also performed after classifying 
the B lineage included in IIV3 each season as matched or mis-
matched to the predominant B lineage among circulating viruses 
(Supplementary Table S1). Sensitivity analyses were performed, 
and included partially vaccinated children aged <9 years.

RESULTS

Participant Characteristics

During 6 influenza seasons from 2011–2012 to 2016–2017, we 
enrolled 42 600 patients seeking ambulatory care for an acute 
respiratory illness. For estimating VE against any influenza B 
illness, we excluded 17 581 participants (Supplementary Results 
and Supplementary Table S2). Of the remaining 25 019 parti-
cipants (Table 1), 2386 (10%) were reverse-transcriptase poly-
merase chain reaction–positive for influenza B. After excluding 
12 (1%) patients with an influenza A and B virus coinfection, 
analyses included 2374 cases of influenza B infection, 1693 
(71%) of which were B/Yamagata, 637 (27%) B/Victoria, and 44 
(2%) infections of undetermined B lineage. There were signifi-
cant differences between influenza B cases and influenza-negative 
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Table 1. Characteristics of United States Influenza Vaccine Effectiveness Network Study Participants, 2011–2012 to 2016–2017 Seasons

Characteristic

Influenza B Cases, 
n = 2386 (10%), n 

(Column%)

Non-cases,  
n = 22 633 (90%), n 

(Column%)

IIV3 Vaccinated, 
n = 6303 (56%), n 

(Column %)

IIV4 Vaccinated, 
n = 4938 (44%), n 

(Column %)

Any IIV Vaccinated, 
n = 11 241 (45%), n 

(Column %)

Not Vaccinated, 
n = 13 778 (55%), n 

(Column %)

Sex, female 1234 (52)a 13 032 (58)a 3716 (59) 2975 (60) 6691 (60)a 7575 (55)a

Age group, years

6 months to 8 years 599 (25)a 5733 (25)a 1411 (22) 1414 (29) 2825 (25)a 3507 (25)a

9–17 years 551 (23)a 2917 (13)a 557 (9) 527 (11) 1084 (10)a 2384 (17)a

18–49 years 648 (27)a 7858 (35)a 1714 (27) 1362 (28) 3076 (27)a 5430 (39)a

50–64 years 419 (18)a 3806 (17)a 1408 (22) 959 (19) 2367 (21)a 1858 (14)a

≥65 years 169 (7)a 2319 (10)a 1213 (20) 676 (14) 1889 (17)a 599 (4)a

Race/ethnicityb

White, non-Hispanic 1755 (74) 16 534 (73) 5024 (80) 3532 (72) 8556 (76)a 9733 (71)a

Black, non-Hispanic 208 (9) 1885 (8) 328 (5) 394 (8) 726 (6)a 1371 (10)a

Other, non-Hispanic 210 (9) 2102 (9) 537 (9) 522 (11) 1059 (9)a 1253 (9)a

Hispanic, race 207 (9) 2052 (9) 401 (6) 480 (10) 881 (8)a 1378 (10)a

High-risk health 
conditionc

720 (30)a 8593 (38)a 2947 (47) 2515 (51) 5462 (49)a 3851 (28)a

Self-rated general health statusd

Excellent 971 (41)a 7311 (32)a 1803 (29) 1541 (31) 3344 (30)a 4938 (36)a

Very good 861 (36)a 8228 (36)a 2246 (36) 1798 (36) 4044 (36)a 5045 (37)a

Good 436 (18)a 5445 (24)a 1695 (27) 1203 (24) 2898 (26)a 2983 (22)a

Fair 104 (4)a 1444 (6)a 485 (8) 337 (7) 822 (7)a 726 (5)a

Poor 13 (1)a 186 (1)a 70 (1) 55 (1) 125 (1)a 74 (1)a

Illness onset to enrollment

≤2 days 800 (34)a 6771 (30)a 1784 (28) 1462 (30) 3246 (29)a 4325 (31)a

3–4 days 1058 (44)a 8871 (39)a 2484 (39) 1920 (39) 4404 (39)a 5525 (40)a

5–7 days 528 (22)a 6691 (31)a 2035 (32) 1556 (32) 3591 (32)a 3928 (29)a

Enrollment season

2011–2012 121 (5)a 2230 (10)a 1035 (16) 0 (0) 1035 (9)a 1316 (10)a

2012–2013 832 (35)a 3308 (15)a 1798 (28) 0 (0) 1798 (16)a 2342 (17)a

2013–2014 56 (2)a 2543 (11)a 1032 (16) 170 (3) 1202 (11)a 1397 (10)a

2014–2015 362 (15)a 5765 (26)a 1380 (22) 1495 (30) 2875 (26)a 3252 (24)a

2015–2016 408 (17)a 4445 (20)a 474 (8) 1638 (33) 2112 (19)a 2741 (20)a

2016–2017 607 (25)a 4342 (19)a 584 (9) 1635 (33) 2219 (20)a 2730 (20)a

Study site

Washington 397 (17)a 6394 (28)a 2179 (35) 1372 (28) 3551 (32)a 3240 (24)a

Wisconsin 750 (31)a 4054 (18)a 2088 (33) 201 (4) 2289 (20)a 2515 (18)a

Texas 451 (19)a 4359 (19)a 552 (9) 1222 (25) 1774 (16)a 3036 (22)a

Michigan 431 (18)a 3816 (17)a 761 (12) 1181 (24) 1942 (17)a 2305 (17)a

Pennsylvania 357 (15)a 4010 (18)a 723 (12) 962 (20) 1685 (15)a 2682 (20)a

Calendar-week tertilese

First tertile 444 (19)a 8018 (35)a 2137 (34) 1626 (33) 3763 (34)a 4699 (34)a

Second tertile 857 (36)a 7671 (34)a 2084 (33) 1683 (34) 3767 (34)a 4746 (35)a

Third tertile 1085 (46)a 6959 (31)a 2082 (33) 1629 (33) 3711 (33)a 4333 (32)a

Influenza B or B lineage cases

Influenza B cases 2386 (100%) … 407 (7) 244 (5) 651 (6) 1735 (13)

B/Yamagata 1693 (71) … … … … …

B/Victoria 637 (27) … … … … …

Undetermined 44 (2) … … … … …

Coinfectionsf 12 (1) … … … … …

Vaccination status

Any IIV 651 (27)a 10 590 (47)a … … … …

Unvaccinated 1735 (73)a 12 043 (53)a … … … …

Trivalent IIV3 407 (17)a 5896 (26)a … … … …

Quadrivalent IIV4 244 (10)a 4694 (21)a … … … …

Unvaccinated 1735 (73)a 12 043 (53)a … … … …

n = 25 019.

Abbreviations: IIV3, trivalent inactivated influenza vaccine; IIV4, quadrivalent inactivated influenza vaccine. 
aP value <.05 for comparisons; IIV3 and IIV4 recipients are not compared.
bSelf-reported race/ethnicity was missing in 66 participants, including 13 IIV3 and 10 IIV4 recipients. 
cThe presence of a high-risk health condition is defined as  ≥ 1 medical record–documented International Classification of Disease code from October 1 in the prior season to enrollment, as 
defined by the Centers for Disease Control and Prevention’s Advisory Committee on Immunization Practices.
dSelf-rated general health status was missing in 20 participants, including 4 each of IIV3 and IIV4 recipients. 
eCalendar-week pre-peak and peak influenza activity and post-peak tertiles, per season per site, based on the enrollment week for B cases and non-cases.
fCoinfections of influenza types A and B or B/lineage coinfections.
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patients for all reported variables except for race/ethnicity. 
Almost half of the B cases were children younger than 18 years. 
Unvaccinated and IIV3/IIV4 recipients also differed significantly 
for all reported variables. Among those vaccinated, IIV4 use in-
creased from 7% in 2013–2014 to 52% in 2014–2015, and in-
creased to ~75% during the last 2 seasons analyzed (Figure 1A).

Influenza Surveillance in the United States During 2011–2012 to 2016–2017

Influenza B viruses comprised ~30% of all influenza cases during 
2012–2013, 2015–2016, and 2016–2017, and ~15% during the 
remaining seasons (Supplementary Table S1). Although both 
B lineages cocirculated during the period, B/Yamagata viruses 
predominated in all 6 seasons. For IIV3 effectiveness analyses, 
4 seasons (2012–2013 to 2015–2016) when IIV3 included B/
Yamagata were considered lineage-matched, but there was an 
intra-lineage B/Yamagata clade mismatch during the 2014–15 
season (see “Antigenic and Genetic Characterization of B 
Viruses” in Supplementary Results and Supplementary Tables 
S3 and S4). Each of the 2 seasons when IIV3 included B/Victoria 
viruses 2011–2012 and 2016–2017 were lineage-mismatched.

Influenza B and B Lineage Virus Activity in the United States Influenza 
Vaccine Effectiveness Network

Overall, during the 6 seasons from 2011–2012 to 2016–2017, 
influenza B viruses accounted for ~25% of all influenza cases. 
The US Flu VE Network enrolled more than 500 cases of in-
fluenza B in 2 seasons (2012–2013 and 2016–2017), between 
100 and 400 cases in 3 seasons, and <60 cases during 2013–2014 
(Figure 1B). Both B lineages circulated each season. During the 
6 seasons, 1114 (48%) of the 2330 B cases with a known B lin-
eage were due to the B lineage not contained in IIV3, including 
a majority (89%) of all B cases in 2016–17 and one-third to 
one-half of the cases during 3 seasons (2011–2012, 2012–2013, 
and 2015–2016; Figure 1B). Of 1693 B/Yamagata cases enrolled 
during the period, 595 (35%) occurred when B/Victoria was the 
IIV3 B lineage. Of 637 B/Victoria cases, 519 (82%) occurred 
when B/Yamagata was the IIV3 B lineage.

Vaccine Effectiveness Against Any Influenza B and Each B Lineage 
Infection

During 6 influenza seasons, the overall IIV3 effectiveness 
against any influenza B illness was 58% (95% confidence in-
terval [CI], 52–63; Figure  2A). During 4 seasons with wide-
spread use of both IIV3 and IIV4, the overall IIV3 effectiveness 
against influenza B was 45% (95% CI, 34–54), versus 53% (95% 
CI, 45–59) for IIV4 (Table  2; Figure  2B). The effectiveness 
against B/Yamagata was similar for IIV3 (48%; 95% CI, 37–58) 
and for IIV4 (52%; 95% CI, 43–60). However, during 3 seasons 
(2013–2014 to 2015–2016) when IIV3 included a B/Yamagata 
virus, IIV3 effectiveness against B/Yamagata was 58% (95% 
CI, 45–68), versus 28% (95% CI, 2–48) when IIV3 included B/
Victoria (P < .001; Figure 2B). Against B/Victoria, during 4 sea-
sons the IIV3 effectiveness was 22% (95% CI, −36 to 55) and 

the IIV4 effectiveness was 56% (95% CI, 41–68; Figure  2B). 
The IIV3 effectiveness against B/Victoria was not significantly 
different whether IIV3 included a B/Victoria or B/Yamagata 
virus (Figure 2B), although analyses were limited by the small 
numbers of B/Victoria cases. Age-specific VE estimates against 
any influenza B and each B lineage were similar for IIV3 and 
IIV4 for persons aged 6 months to 17 years, 18 to 49 years, and 
50 years and older (Table 2).

Overall and age group–specific IIV3 and IIV4 effectiveness 
against any influenza B and B lineage included in IIV3 were 
similar (Table 2). For IIV3 B-lineage mismatched viruses, the 
IIV3 effectiveness (25%; 95% CI, 1–43) was lower than that of 
IIV4 (56%; 95% CI, 46–64; P < .001), with the greatest differ-
ence observed among adults 18–49 years old.

Relative Odds of Influenza B Among Trivalent and Quadrivalent Inactivated 
Vaccine Recipients

During 2013–2014 to 2016–2017, the odds of any influenza 
B infection were similar among IIV3 versus IIV4 recipients 
aged ≥6 months (adjusted relative odds ratio [rOR], 1.08; 95% 
CI, .79–1.47), including the odds of infection with B/Yamagata 
(rOR, 1.11; 95% CI, .79–1.56) or B/Victoria viruses (rOR, 1.88; 
95% CI, .91–3.87; Figure 3). The relative odds of a B/Yamagata 
infection were similar in IIV3 versus IIV4 recipients, regardless 
of the IIV3 B-lineage match. Similarly, the relative odds of a B/
Victoria infection were not significantly different in IIV3 versus 
IIV4 recipients during 3 seasons in which IIV3 contained a B/
Yamagata virus. The relative odds of infection with the B lin-
eage that was included in IIV3 during the four seasons indi-
cated no difference between IIV3 versus IIV4 (rOR, 0.87; 95% 
CI, .56–1.34). However, IIV3 recipients had significantly higher 
odds of infection with mismatched B-lineage viruses compared 
to patients who received IIV4 (rOR, 1.78; 95% CI, 1.13–2.79; 
Figure 3).

During 2016–2017, when IIV3 included a B/Victoria virus, 
the relative odds of a B/Yamagata infection showed no statis-
tically significant difference among IIV3- and IIV4-vaccinated 
children aged 6  months to 17  years (rOR, 1.68; 95% CI, .63–
4.49; Supplementary Table S5). However, the relative odds of 
a B/Yamagata infection were higher among adults aged 18 to 
49 years who were vaccinated with IIV3, compared to those who 
received IIV4 (rOR, 3.43; 95% CI, 1.07–11.00; Supplementary 
Table S5). During the 4 seasons, the odds of infection with the 
mismatched B-lineage virus not included in IIV3 were higher 
in all patients aged ≥6 months (rOR, 1.78; 95% CI, 1.13–2.79); 
however, the odds were not significantly higher in age group–
specific estimates, including among children aged 6 months to 
17 years (rOR, 1.99; 95% CI, .91–4.36; Supplementary Table S5).

Sensitivity Analyses

Including partially vaccinated children did not change VE point 
estimates by ≥5%, either for any influenza B or for each B lineage, 
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nor did it change IIV3 effectiveness against infection with mis-
matched lineage viruses (Table 2; Supplementary Table S6).

DISCUSSION

Over 6 influenza seasons during 2011–2012 to 2016–2017, in-
cluding 4 seasons (beginning with 2013–2014) during which 
quadrivalent vaccines gradually replaced trivalent vaccines, data 
from this large, observational study of VE suggested that triva-
lent and quadrivalent inactivated vaccines provided comparable 
protection against influenza B and each B lineage. This is the first 
US Flu VE Network analysis to compare IIV4 to IIV3 VE against 
influenza B–related illness over multiple influenza seasons 

[17–22]. The results suggest that IIV3 containing a B/Yamagata 
virus provided some cross-protection against B/Victoria illness. 
During the 4 seasons from 2013–2014 to 2016–2017, the relative 
odds of infection with influenza B favored IIV4 when IIV3 was 
lineage mismatched (ie, when the predominant B lineage was 
not included in IIV3). However, we found the relative odds of 
any influenza B to be the same among persons vaccinated with 
IIV3 or IIV4 over the 4 seasons. A recent report from Canada 
from the 2010–2011 to 2017–2018 seasons showed greater than 
50% effectiveness for predominantly used IIV3 during 3 of 5 
lineage-mismatched seasons, including 2 seasons with greater 
than 65% effectiveness against lineage-mismatched influenza B 
illnesses [33].

Figure 1. Influenza vaccine distribution and B lineage virus circulation in the US Influenza Vaccine Effectiveness (Flu VE) Network. A, Distribution of IIV3 and IIV4 during 
the 2011–2012 to 2016–17 seasons. B, Influenza B lineage circulation in the US Flu VE network during the 2011–2012 to 2016–2017 seasons. Abbreviations: IIV3, trivalent 
inactivated influenza vaccine; IIV4, quadrivalent inactivated influenza vaccine.
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During 4 seasons in which IIV3 included a B/Yamagata 
virus, the trivalent VE was 63% against B/Yamagata and 
46% against B/Victoria. However, we observed lower pro-
tection (35%) against B/Yamagata illness during 2 lineage-
mismatched seasons. The comparative effectiveness of IIV3 
versus IIV4 over 4 seasons from the US Flu VE Network adds 
to reports of VE against influenza B illness from European 
and Canadian VE networks during the same period. However, 
all 3 networks were able to report effectiveness against influ-
enza B only once during 2014–2015 [17–22, 34–45]. In those 
reports, the VE against influenza B ranged from 53% to 58% 
in the United States, except during 2013–2014, when B virus 
circulation was limited.

There is some evidence for effectiveness of trivalent vac-
cine against lineage-matched versus mismatched B infections. 
During 4 seasons during which IIV3 included a B/Yamagata 
virus (2012–2013 to 2015–2016), the effectiveness of any vac-
cination against B/Yamagata illness in the United States and 
Canada ranged from 42% to 73% [19–22, 34–38]. During 
2011–2012, when IIV3 was lineage-mismatched to the pre-
dominant B/Yamagata virus, a trivalent VE of 66% (38–81%) 
against B/Yamagata was reported in the United States but not 
in Canada [17, 34]. Similarly, during the 2012–2013 season, tri-
valent VE estimates ranging from 51–75% against the lineage-
mismatched B/Victoria virus were reported in the United States 
and Canada, and the effectiveness against the mismatched B/

Table 2. Trivalent and Quadrivalent Inactivated Influenza Vaccine Effectiveness Against Any Influenza B 

IIV3 or Unvaccinated IIV4 or Unvaccinated

Non-cases, n 
Vaccinated/Total 

(%)

Influenza 
B Cases, n 
Vaccinated/

Total (%)
Adjusteda VE 
% (95% CI)

Non-cases, n 
Vaccinated/Total 

(%)

Influenza B 
Cases, n Vaccin-

ated / 
Total (%)

Adjusted VE 
% (95% CI)

Any Influenza B, ages

≧6 months 3289/12 401 (27) 183/1189 (15) 45 (34–54) 4694/13 806 (34) 244/1252 (20) 53 (45–59)

6 months to 17 years 902/4620 (20) 39/523 (7) 58 (40–71) 1844/5562 (33) 97/581 (17) 55 (43–65)

18–49 years 885/4620 (19) 39/348 (11) 45 (20–62) 1307/5042 (26) 55/364 (15) 54 (37–66)

≥50 years 1502/3161 (48) 103/318 (32) 43 (24–57) 1543/3202 (48) 92/307 (30) 42 (24–56)

B/Yamagata, ages

≧6 months 2706/10 959 (25) 159/914 (17) 48 (36–58) 4605/12 858 (36) 181/936 (19) 52 (42–60)

6 months to 17 years 685/4069 (17) 32/356 (9) 63 (44–75) 1802/5186 (35) 61/385 (16) 54 (37–66)

18–49 years 748/4106 (18) 35/269 (13) 41 (12–61) 1292/4650 (28) 39/273 (14) 56 (38–70)

≥50 years 1273/2784 (46) 92/289 (32) 44 (24–59) 1511/3022 (50) 81/278 (29) 45 (26–59)

B/Victoria, ages

≧6 months 2706/10 959 (25) 15/241 (6) 22 (−36 to 55) 4605/12 858 (36) 55/281 (20) 56 (41–68)

6 months to 17 years 685/4069 (17) 6/156 (4) 17 (−94 to 64) 1802/5186 (35) 34/184 (19) 57 (36–71)

18–49 years 748/4106 (18) 4/68 (6) 36 (−66 to 76) 1292/4650 (28) 13/77 (17) 54 (18–75)

≥50 years 1273/2784 (46) 5/17 (29) 5 (−167 to 66) 1511/3022 (50) 8/20 (40) 41 (−34 to 74)

B Lineage included in IIV3, ages  

≧6 months 2706/10 959 (25) 84/517 (16) 56 (43–67) 4605/12 858 (36) 100/533 (19) 53 (40–63)

6 months to 17 years 685/4069 (17) 11/191 (6) 73 (50–86) 1802/5186 (35) 34/214 (16) 51 (27–67)

18–49 years 748/4106 (18) 18/171 (11) 61 (35–77) 1292/4650 (28) 18/171 (11) 69 (49–81)

≥50 years 1273/2784 (46) 55/155 (35) 46 (20–63) 1511/3022 (50) 48/148 (32) 41 (13–60)

B Lineage not included in IIV3, ages

≧6 months 2706/10 959 (25) 90/638 (14) 25 (1–43) 4605/12 858 (36) 136/684 (20) 56 (46–64)

6 months to 17 years 685/4069 (17) 27/321 (8) 38 (2–61) 1802/5186 (35) 61/355 (17) 58 (43–69)

18–49 years 748/4106 (18) 21/166 (13) −2 (−71 to 39) 1292/4650 (28) 34/179 (19) 46 (21–63)

≥50 years 1273/2784 (46) 42/151 (28) 47 (14–67) 1511/3022 (50) 41/150 (27) 45 (17–63)

Sensitivity analyses including partially vaccinated children from 2013–2014 to 2016–2017

B Lineage included in IIV3, ages

≧6 months 2803/11 056 (25) 84/517 (16) 57 (44–67) 4920/13 173 (37) 103/536 (19) 53 (40–63)

6 months to 17 years 782/4166 (19) 11/191 (6) 74 (52–86) 2117/5501 (39) 37/217 (17) 51 (29–67)

B Lineage not included in IIV3, ages

≧6 months 2853/11 056 (25) 90/638 (14) 26 (2–43) 4920/13 173 (37) 145/693 (21) 56 (46–64)

6 months to 17 years 782/4166 (19) 27/321 (8) 40 (5–62) 2117/5501 (38) 70/364 (19) 57 (43–68)

Data are shown by each B virus lineage and by B lineage included or not included in IIV3 during 4 influenza seasons from 2013–2014 to 2016–2017.

Abbreviations: CI, confidence interval; IIV3, trivalent inactivated influenza vaccine; IIV4, quadrivalent inactivated influenza vaccine; VE, vaccine effectiveness.
aA priori VE estimates were simple adjusted for age, season, study site, calendar week (pre-peak and peak influenza activity and post-peak tertiles, per site per season), and the presence 
of any high-risk, chronic medical condition.
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Victoria virus was 54% during 2015–2016 in Canada, where tri-
valent vaccines accounted for more than 85% of the doses dis-
tributed [18, 35, 38]. In the United States during 2015–2016, 
IIV3 containing a B/Yamagata virus accounted for approxi-
mately 20% of the doses distributed, versus 80% for IIV4. In 
the US Flu VE Network during this season, in which B/Victoria 
viruses accounted for 45% of influenza B cases, the trivalent VE 
against any influenza B was only 17%: 41% against B/Yamagata 

and −99% against B/Victoria [21]. In comparison, the quad-
rivalent VE was 63% against any influenza B: 66% against B/
Yamagata and 57% against B/Victoria.

Even though both B lineages circulated during each season 
since 2011–2012, B/Yamagata evolved more rapidly, requiring 
newer strains to be incorporated frequently in seasonal vac-
cines. Quadrivalent vaccines did not outperform trivalent vac-
cines during seasons when B/Yamagata viruses predominated. 

Figure 2. Adjusted VE estimates of trivalent and quadrivalent formulations against any influenza B and each B lineage in the US Influenza Vaccine Effectiveness Network. 
A, Adjusted VE % against influenza B and each B lineage, including the B lineage virus included in IIV3 during 6 seasons from 2011–2012 to 2016–2017. B, Adjusted VE 
% against any influenza B and each B lineage, including the B lineage virus included in IIV3 and IIV4 during 4 seasons when both IIV3 and IIV4 were used (2013–2014 to 
2016–2017). A priori, VE estimates were simple adjusted for age, season, study site, calendar week (pre-peak and peak influenza activity and post-peak tertiles, per site per 
season), and the presence of any high-risk, chronic medical condition. Abbreviations: CI, confidence interval; IIV3, trivalent inactivated influenza vaccine; IIV4, quadrivalent 
inactivated influenza vaccine; VE, vaccine effectiveness. 
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The relative odds tended to favor IIV4 against B/Victoria during 
season with a IIV3 B-lineage mismatch. However, from the 
2013–2014 through the 2016–2017 season, the B/Victoria vir-
uses were not predominant and trivalent vaccine use declined 
substantially.

To our knowledge, this is the first direct comparison of the 
odds of an influenza B infection among persons vaccinated 
with trivalent or quadrivalent vaccines, including among chil-
dren aged 6 months to 17 years. We found that since 2013–2014, 
the relative odds of any influenza B infection have been sim-
ilar among persons vaccinated with IIV3 versus IIV4, although 
small numbers of B/Victoria cases limited our ability to esti-
mate the relative odds of a B/Victoria infection during 2016–
2017, when trivalent vaccines included a B/Victoria virus. Our 
ability to add additional years, including the trivalent lineage-
mismatched 2017–2018 season, is limited by the declining use 
of IIV3.

The potential for cross-lineage protection needs to be con-
sidered during the selection of the B lineage for inclusion 
in trivalent vaccines each season. A  possible mechanism for 
cross-lineage protection may be the neuraminidase (NA) of the 
B-lineage virus included in IIV3. The circulation of reassortants 
with B/Victoria hemagglutinin and B/Yamagata NA was re-
ported during the early 2000s; this reassortment is a possible 
mechanism for cross-lineage protection against B/Yamagata 
infection from those trivalent vaccines including a B/Victoria 
virus [3, 46–48]. An experimental study showed that mice im-
munized with adjuvanted recombinant influenza B virus NA 
(from B/Yamagata/16/88) were completely protected from 

morbidity and mortality when challenged with a lethal dose 
of the prototype B/Victoria-lineage strain or recently circu-
lating B/Victoria-lineage virus [49]. However, the amount of 
NA in IIV3 or IIV4 is not standardized, may vary with different 
vaccine products, and is absent in the recombinant hemag-
glutinin–containing influenza vaccine. Public health impact 
and cost-effectiveness modeling studies that assume no cross-
lineage protection may overestimate the benefit of switching 
from trivalent to quadrivalent inactivated influenza vaccines [9, 
50, 51].

Prior influenza B infection or vaccination may be another 
factor influencing VE against B lineage viruses. Immunogenicity 
studies in adults, children, and mice have suggested B/Yamagata 
dominance over B/Victoria for priming and recall [52–54]. 
Priming with a B/Yamagata-containing vaccine induces a good 
homologous response and a boost with a B/Victoria-containing 
vaccine induces strong recall against B/Yamagata but a low 
B/Victoria response. On the other hand, priming with a B/
Victoria-containing vaccine has a low homologous response 
but a boost with a B/Yamagata-containing vaccine is associated 
with a response to both lineages.

This study has several limitations. First, we were unable to as-
sess any bias in the use of trivalent versus quadrivalent vaccines 
during the study period. Second, the sample size was inadequate 
both to estimate VE in possibly naive children aged <9  years 
and for subgroup analyses, especially for estimating effective-
ness against B/Victoria in those season where it had lower cir-
culation than B/Yamagata viruses. Third, we did not examine 
the possible waning of VE against influenza B that may circulate 

Figure 3. Adjusted rOR of IIV3 versus IIV4 (reference) during 4 seasons from 2013–2014 to 2016–2017 of any influenza B; of each B lineage virus infection, including B/
Yamagata– or B/Victoria–containing IIV3 seasons; and of the B lineage virus included in IIV3 versus lineage-mismatched IIV3. A priori, rOR estimates were simple adjusted for 
age, season, site, calendar week (pre-peak and peak influenza activity and post-peak tertiles, per site per season) and the presence of any high-risk, chronic medical condition. 
Data were not reported when the number of vaccinated cases was <5. Abbreviations: CI, confidence interval; IIV3, trivalent inactivated influenza vaccine; IIV4, quadrivalent 
inactivated influenza vaccine; rOR, relative odds ratios.
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later during influenza seasons, including during mismatched 
seasons. Lastly, residual confounding is possible despite adjust-
ments for age and other factors. Other influenza VE networks 
transitioning from trivalent to quadrivalent vaccines could con-
tribute data so that future meta-analyses may be possible.

CONCLUSIONS

Equivalent protection against any influenza B illness was pro-
vided by trivalent and quadrivalent influenza vaccines from 
2013–2014 to 2016–2017 in the United States, even though 
quadrivalent vaccines afforded better relative protection 
against the trivalent vaccine’s mismatched B lineage viruses. 
Enhanced influenza surveillance to understand the epidemi-
ology of B-lineage circulation, including the burden of illness 
with each B lineage, should help national health authorities to 
make informed decisions regarding recommendations of triva-
lent versus quadrivalent influenza vaccines, as should cost-ef-
fectiveness estimates for trivalent versus quadrivalent vaccine 
distributions in different age groups.

Supplementary Data
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