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Abstract

Background: Current influenza vaccine effectiveness (VE) improvement efforts focus on
minimizing egg adaptation mutations during manufacture. This study compared immune response
of two FDA-approved quadrivalent inactivated influenza vaccines in an unblinded randomized
controlled trial.

Methods: Participants were 144 community dwelling, healthy children/adolescents aged 4-20
years, randomized 1:1 in blocks of 4 to a vaccine grown in cell culture (ccllV4 [Flucelvax®]; n =
85); or in egg medium (114 [Fluzone ®]; n = 83). Blood was drawn at day 0 prevaccination and at
day 28 (19-35 days) post vaccination. Hemagglutination inhibition (HI) assays against A/HIN1
and both B strains and microneutralization (MN) assays against egg-based and cell-based A/H3N2
strains were conducted. The primary outcome measure was seroconversion (day 28/day O titer
ratio = 4 with day 28 titer = 40). Secondary outcomes were elevated titers (day 28 HI titer =
1:110), geometric mean titers (GMTs) and mean fold rise (MFR) in titers. Outcomes were
compared for 74 ccllV4 recipients and 70 114 recipients, and for those vaccinated and
unvaccinated the previous year. Only the HI and MN laboratory analysis team was blinded to
group assignment.
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Results: In this racially diverse (81% non-white) group of children with a median age of 14
years, baseline demographics did not differ between vaccine groups. At day 0, half or more in each
vaccine group had elevated HI or MN titers. Low seroconversion rates (14%—-35%) were found,;
they did not differ between groups. Among 2018-19 ccllV4 recipients, those unvaccinated in the
previous season showed significantly higher MFR against A/HIN1 and A/H3N2 cell-grown virus
than the previously vaccinated. Similar results were found for MFR against B/Victoria among
2018-2019 114 recipients.

Conclusion: In mostly older children with high baseline titers, no differences in seroconversion
or other measures of antibody titers were found between ccllVV4 and 114 recipients against egg-
and cell-grown influenza vaccine viruses.
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1. Introduction

In response to variable vaccine effectiveness and improvements in biotechnology, the types
of influenza vaccines available, licensed and recommended for use, and some of the
formulations of those vaccines have been changing with increasing rapidity. Furthermore,
viral mutations either naturally occurring in the community, such as the significant genetic
drift of 2014-2015 [1], or as a result of the manufacturing process have been documented.
Increasing glycosolation of the wild influenza virus over time has reduced effectiveness of
vaccines grown in eggs in general, and certain mutations, such as T160K, have markedly
reduced the protection from egg-derived vaccines [2]. Of clinical significance, Chen et al.
(2019), found a strong negative correlation between passage of A/H3N2 viruses in eggs and
vaccine efficacy [3]. Thus, measuring the immune response to new vaccine formulations and
comparing them with older, widely-used vaccines are warranted.

Furthermore, the immunological responses to new and reformulated vaccines across
population subgroups and in the context of influenza vaccination history have not been
thoroughly explored. While older adults are the group most susceptible to influenza-related
morbidity and mortality [4], children are of particular interest because there is evidence that
they serve as the major mode of influenza disease transmission in communities [5].
Moreover, they have the advantages of relatively short vaccination histories, and typically
robust immune systems [5]. Thus, a study of immune response of children who were
vaccinated two years in a row, compared with those without vaccination in the previous
season may increase our understanding of repeated vaccination.

The purpose of this study was to compare serological responses of a racially diverse group
of healthy children 4-20 years of age receiving ccllV or egg-based quadrivalent influenza
vaccine (11V4) in the 2018-2019 influenza vaccination season. 2017-2018 was the first
season in which one vaccine was manufactured which substituted an A/H3N2 strain grown
using a non-egg, cell-based process (ccllV) for the standard egg-based A/H3N2 strain while
maintaining the A/H1NZ1 strain and B lineages grown in eggs. In 2018-2019, the ccllVV4
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included three cell-based seed strains, namely B/Yamagata, B/Victoria and A/H3N2; A/
H1N1 was still derived from an egg-based seed, leading to a 3:1 formulation.

Antibody titers were measured in participants who were known to have received no vaccine
or had received the standard egg-based inactivated influenza vaccine in the previous season
(2017-2018). We hypothesized that there would be no difference in immunological response
between the two vaccines with respect to A/H1N1, but that there would be a difference
between the two vaccines with respect to A/H3N2 and the two B lineages. Additionally,
participants who were unvaccinated the previous season would have a greater change in
antibody response following vaccination than those who had been vaccinated in the previous
season.

2. Methods

The Institutional Review Boards at the University of Pittsburgh and the Centers for Disease
Control and Prevention approved this study and it was registered at Clinicaltrials.gov,
registration number NCT03614975. Written informed consent and assent, where
appropriate, were obtained from all participants (or their parents/legal guardians) prior to
beginning study procedures.

3. Study design and participants

This study was a randomized controlled clinical trial (RCT) that compared the serologic
antibody response to two quadrivalent influenza vaccines: ccllV4 [Flucelvax®] and the egg-
based 11V4 [Fluzone®]. Both vaccines included A/HIN1/Michigan/45/2015-pd m09-like
virus, A/H3N2/Singapore/INFIMH-16-0019/2016-like virus, B/Colorado/06/2017—like
virus (Victoria lineage), and B/Phuket/3073/2013-like virus (Yamagata lineage). As stated
above, the ccllV4 included three cell-based seed strains, namely the two B lineages and the
A/H3N2 and one egg-based strain, A/H1N1 leading to a 3:1 cell:egg seed strain formulation.
The previous year’s (2017-2018) vaccine formulation contained only one cell-based strain,
AJH3N2.

A convenience sample of healthy participants aged 4-20 years old was enrolled during the
fall of 2018 (September 13, 2018 through November 20, 2018) from five primary care health
centers (one pediatric clinic and four family medicine practices). All study visits were
completed prior to regional circulation of influenza virus; the final day 28 visit was
completed on 12/13/2018.

Eligibility criteria included no allergies to eggs or influenza vaccine components and
willingness to be randomized to receive one of the two 2018-2019 FDA approved study
influenza vaccines. Exclusion criteria included: weight <37 Ibs.; known to be pregnant;
having an immunosuppressing health condition or taking immunosuppressant medications;
having already received the 2018-2019 influenza vaccine; or were not able to complete all
study visits in the appropriate time window. (See Fig. 1 for CONSORT flow diagram.)

Following screening and consent, a blood sample was drawn. Participants were then
randomized to receive one of the two vaccines. In order to ensure that each of the five
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enrollment sites administered roughly the same number of each type of vaccine, participants
were randomized in blocks of four. A computer-generated 1:1 randomization assignment for
each influenza vaccine type was created. Sequentially numbered vaccine assignment cards
were created using the random assignment. Each participant was randomized by the research
assistant using the next available numbered card. The cards instructed the clinical staff
which vaccine to administer using standard protocols. Therefore, randomization was not
blinded for either the participant or the research team. However, the HAI assay team was
unaware of group assignment.

3.1. Demographic data collection

Baseline data were collected either via interview or on paper with entry by the research
assistants into REDCap™ (a secure, online database management system). Baseline
demographics included age, sex, race, ethnicity, parental educational status, health insurance
coverage, and exposure to household smoking. Height and weight from the electronic
medical record (EMR) if available, or from self-report were used to calculate body mass
index (BMI). Age- and sex-specific BMI percentiles for children were calculated using the
CDC growth charts from the year 2000 [6]. Those who were in the 95th percentile for BMI
or higher were defined as obese.

3.2. Biological samples

Whole blood samples were obtained on participants pre-vaccination and 28 days (range 19—
35 days) post influenza vacci-nation. Serum for hemagglutination inhibition (HI) titers was
drawn in BD Vacutainer™ serum separator tubes with polymer gel/silica activator additive
(BD 367989). Tubes were held at room temperature and taken to the processing laboratory
within 4 h of being drawn. Aliquoted serum samples were frozen at —80°C until assayed.

3.3. Hemagglutination inhibition laboratory methods

Antibody assays were conducted following CDC’s protocols [7] by the Influenza Division
research laboratory at the CDC, who were blinded to group assignment. Sera were heat
inactivated, tested for nonspecific agglutinins, and adsorbed as needed. Sera were then
serially diluted 2-fold and incubated with 4 hemagglutination units per 25 pL of virus with
erythrocytes for quantification of HI titers. Turkey erythrocytes were used for the testing of
A/H1IN1 and B influenza viruses, Guinea pig erythrocytes with 20 mM oseltamivir were
used for the testing of A/H3N2 viruses. HI titer was defined as the reciprocal of the last
dilution of serum that completely inhibited hemagglutination. Antibody titers <10 (initial
sera dilution) were reported as 5 for analysis. Sera were tested in HI assays against the four
vaccine strains included in the 2018-2019 influenza vaccines (including egg-grown A/
Singapore/INFIM H-16-0019/2016-like virus.

3.4. Microneutralization laboratory methods

MN assays were conducted in the Influenza Division research laboratory at the CDC using

Madin-Darby canine kidney (MDCK)-SIAT1 cells [8,9]. Sera were heat inactivated, 2-fold
serially diluted and mixed with 100 50% tissue culture infective doses of influenza A/H3N2
viruses and incubated at 37°C with 5% CO, for 1 h. The virus-sera mixture was used to
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infect 1.5 x 10* MDCK-SIAT1 cells/well and incubated overnight at 37°C with 5% CO,.
After cold acetone fixation, the presence of viral protein was quantified by an enzyme-linked
immunosorbent assay, using monoclonal antibodies specific to the nucleoproteins of the
influenza A viruses. MN antibody titers were measured against influenza A/H3N2 viruses
representing the egg- and cell culture-grown A/H3 N2/Singapore/INFIMH-16-0019/2016—
like virus.

3.5. HI outcome measures

The primary outcome measure was seroconversion, defined as the HAI titer ratio of day
28/day 0 = 4 and HI titer at day 28 = 40. Secondary outcomes were elevated titers, defined as
a HI titer > 1:110[10] at day 28 [10], geometric mean titers (GMT) and geometric mean
fold-rise (MFR) in titers from day 0 to day 28 with 95% Confidence Intervals (CI) from
repeated measures linear regression with log-transformed titers.

3.6. Statistical analyses

Based on previous research comparing seroconversion rates between 11V and ccllV, we
determined that a sample size of 160 to 356 would be needed to achieve an 80% power to
detect a significant difference at alpha = 0.05. Thus, for comparison of two inactivated
vaccines, the study would be underpowered with sample sizes of 74 and 70. A post-hoc
power calculation on A/H3N2 — A/ Singapore cell grown virus using a Chi-square test
revealed a power of 30%.

Summary statistics of demographics were conducted overall and by vaccine group using chi-
square/Fisher exact tests for categorical variables and t-tests for continuous variables. For
statistical analyses, specimens with reciprocal HI or MN titers of <10 were assigned a titer
of 5. Geometric mean titers (GMTs), MFR or increases (i.e., GMT ratios), and 95%
confidence intervals (95% CIs) were calculated using repeated-measure linear mixed models
as previously described [11]. Fold-rise was calculated as the ratio of the post-vaccination
titer to the pre-vaccination titer. Hl and MN titers were log transformed to examine
correlations.

Linear regression with log-transformed titers was used to examine associations between pre-
vaccination, post-vaccination, or fold-rise in titers with vaccine type and prior season (2017-
2018) vaccination status, including an interaction term for vaccine type and prior season
vaccination. Generalized linear models with log transformed fold-rise as the outcome
variable were used to test for significant effects by vaccine type and prior season
vaccination, controlling for pre-vaccination titer. All analytical procedures were performed
using SAS® 9.4 (Cary, NC). Statistical significance of two-sided tests was set at type | error
(alpha) = 0.05.

4. Results

4.1. Demographics

One hundred seventy-one participants were enrolled between September 13 and December
13, 2018. Three persons withdrew after consent and were not randomized. Of those
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randomized, 85 were randomized to receive ccllVV4 and 83 were randomized to receive 11V4.
Eighteen participants did not complete both study visits or withdrew just after the day 0
blood draw leaving a total of 150 participants. Of those who completed the study, 4 did not
have complete bloodwork (including MN) analyzed by the laboratory. This analysis reflects
a total completed cohort of 144; 74 who received ccllV4 and 70 who received 11V4. See Fig.
1.

Characteristics for the cohort including vaccine type received are presented in Table 1.
Overall, 87% of participants were 9-20 years of age, median age = 14 years, 54% were
female, and 81% were non-White. Most participants were publicly insured (77%) and most
parents (83%) had no college education. Nearly one third were obese and a similar number
(31%) reported being exposed to household smoking. Sixty percent of the cohort was
vaccinated in 2017-2018 with a 114, with 40% being unvaccinated that season. The two
vaccine recipient groups did not differ in their demographic characteristics.

Table 2 reports rates of seroconversion and elevated HI titers (titers = 1:40 and = 1:110),
GMTs and MFR by type of vaccine received. Seroconversion rates were modest: 20-27%
for A/HIN1, 15%-30% for A/H3N2 against egg grown virus and 24%-35% for A/H3N2
against cell-grown virus, 34% for B/Victoria, and 14-24% for B/Yamagata. There were no
differences between the two vaccine groups in vaccine responses for rates of seroconversion.

Eighty one percent to 100% of participants had elevated titers = 1:40 titers at day 0 and day
28, with no significant differences observed between vaccines. The number of participants
with elevated titers (=1:110) at baseline was high; for A/HIN1, 56%—-58% had elevated
titers; for A/H3N2 against egg-grown virus, 99% had elevated titers; for A/H3N2 against
cell-grown virus, 46%-53% had elevated titers; for B/Victoria, 49% had elevated titers; and
for B/Yamagata, 56%—-64% had elevated titers. Again, there were no significant differences
between the two types of vaccine recipients.

At day 28, the proportion of participants who had elevated titers increased to 80-86% for A/
H1N1, 100% for A/H3N2 against egg-grown virus, 66—77% for A/H3N2 against cell-grown
virus, 76-79% for B/Victoria, and 74-82% for B/Yamagata. There were no significant
differences between vaccine recipient groups.

Similar results were found for day 0 and day 28 GMTs and MFR across all vaccine strains
and lineages with one exception. MFR for A/H3N2 against egg-grown virus was
significantly higher in egg-based vaccine (11VV4) recipients (2.3; 95% CI = 1.8-2.9) than cell-
based vaccine (ccllV) recipients (1.6; 95% CI = 1.3-2.0; £=0.05).

4.2. Post hoc analyses including prior vaccination

The majority of participants (62% of ccllV recipients and 57% of 114 recipients) had
received I11VV4 in the prior season, with the remainder having been unvaccinated. MFR
responses to each vaccine were stratified by prior year vaccination status (Table 3).
Generally speaking, previously (2017-2018) unvaccinated participants, regardless of the
vaccine received in 2018-2019 (egg-based or cell-based vaccine) had greater MFR in
antibody titers post vaccination than those who were vaccinated with an egg-based vaccine
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in 2017-2018. These values were tested using linear regression that controlled for baseline
titers. Three signifi-cant differences in MFR were identified. MFR among the previously
unvaccinated was significantly higher for ccllV recipients against A/HIN1 and A/H3N2 cell
grown virus compared with previously vaccinated participants and for 11V4 recipients
against B/Victoria. That is, compared with children who received the 2017-2018 114,
children who were unvaccinated in 2017-2018 and received ccllV in 2018-2019, had a
significantly greater change in antibody levels against A/H1N1 and cell-grown A/H3N2. The
previously unvaccinated who received the 2018-2019 114 had a significantly greater
change in antibody levels against B Yamagata than those who had been vaccinated with 11V4
both seasons.

5. Discussion

We found that seroconversion, seropositivity, and fold-rise at day 28 did not differ
significantly between ccllV and 114 in this diverse group of children. Baseline titers were
generally high and may have limited seroconversion to either vaccine. For A/H3N2, ratio of
fold rise to cell- versus egg-grown viruses were higher for ccl\VV4 than 114, however post
vaccination titers to egg-and cell-grown A/H3N2 remained similar (P> 0.05). We also found
that prior 11V vaccination in the 2017-2018 season was associated with reduced response in
2018-2019 for ccllV against A/HIN1 and A/H3N2 cell-grown virus and for 114 against B/
Victoria, after controlling for baseline titers.

It is not surprising that titers against A/H1N1 did not vary between ccllV and 114 because
both were based on the egg-adapted seed strain selected by WHO for the 2018-2019
vaccines. Mutations can arise during passage in either egg or cell culture and the starting
strain was egg-adapted for both. The A/H1N1 viruses that circulated in 2018-2019 in the US
were well matched to the vaccine, resulting in a VE of 44% (37-51%) across all age groups
in the US FIUVE Network, and 38% (18-53%) for ages 5 to 17 years [12]. Accordingly, A/
H1N1 vaccine is estimated to have prevented one influenza A/H1N1-associated illness
episode for every 46 vaccinees among children 5 through 17 years [12].

Over the last decade, in comparison to A/HIN1 and B influenza viruses, A/H3N2 viruses
have become increasingly glycosylated and the resulting adaptations required for growth in
eggs leads to antigenic differences from wild virus [2]. These antigenic changes have led to
difficulties in agglutination of the red blood cells used in the HAI assay; thus, we used MN
to evaluate the A/H3N2 response.

Baseline MN titers (1098-1285) to the egg-adapted A/Singapore virus were very high, with
99% seropositivity at baseline, which may reflect prior vaccination effects. Despite the fact
that the fold-rise to the A/Singapore egg-adapted virus was significantly higher for 11V4 than
ccllV4, final MN titers for both vaccines to the egg-adapted virus were about 10-fold higher
than to the cell-grown virus. Egg-based vaccines may skew the response towards egg-
adapted viruses, with the potential for mismatch from circulating viruses [2].

The A/H3N2 responses to cell grown virus in this study were complex. Response to ccllV4
was significantly higher for cell-grown than egg-based virus; this was not seen with 11V4,
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Baseline GMTs (93-100) and seropositivity (46-53%) for both vaccines against the cell-
grown virus were moderate. After controlling for these pre-vaccination titers, we found an
association between prior 2017-2018 vaccination status and fold change in cell-grown
antibody titer after 2018-2019 ccllV4 but not 114 for some strains. Although experts hope
that newer vaccines, such as ccllV, based on cell-grown virus, would resolve the egg-
adaption issues, our data suggest that the immunological response is more complex.
Although our post-hoc analyses are not definitive, prior vaccination with egg-based vaccines
might have affected ccllV’s response to cell-grown viruses, likely due to shared epitopes in
these viruses. More research is needed about the response of egg-free vaccines in those who
have previously received egg-based vaccines.

2018-2019 was the first year that the B lineages in ccllV were derived from the cell grown
seed strain from WHO. The serologic response was similar between the two vaccines.
However, the clinical difference between these vaccines with the new formulation of ccllV is
unknown because little wild influenza B virus circulated in the US in 2018-2019.

In post-hoc analyses, which by their nature are not definitive, residual effects of prior season
(2017-2018) vaccination were suggested by higher MFR found in those unvaccinated one
year earlier. However, when regressions controlled for baseline titers, these comparisons
were only significant for ccllV against A/HIN1 and A/H3N2 cell grown virus and for 114
against B/Victoria. Inspection of our data (Table 3) suggests the possibility that additional
significant comparisons might have been found with larger sample sizes, given the
magnitude of some differences. Effects of prior vaccination have been suggested in some
studies, especially for A/H3N2 [13] but not recently in children [14] Our data suggest that
this is an issue for further investigation and that egg-free vaccines may not completely
resolve prior vaccination concerns.

5.1. Strengths and limitations

Our study included a racially diverse group of children with modest dropout in a study that
required multiple blood draws. MN was used for A/H3N2 assays to avoid the well-known
agglutination problems of HI with A/H3N2. One experimental limitation is the high baseline
titers which may be due to prior vaccination or disease. Other limitations were the moderate
sample size which may result in underpowered subgroup analyses and conduct of the study
in one geographic location.

6. Conclusions

Funding

In this racially diverse group of children with high baseline titers, no differences in day 28
seroconversion were found between ccllVV4 and 11V4. For ccllV4 but not for 114, the MN
response to A/H3N2 was significantly higher for cell-based over egg-based MN assays.

This work was supported by the Centers for Disease Control and Prevention (CDC) [5U011P001035-02] and by
National Institutes of Health (NIH) [UL1TR001857]. This work represents the views of the authors and not the
CDC or NIH. Fluzone was provided by Sanofi Pasteur which had no other role in the study. No other funding was
received.
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Abbreviations:

HI hemagglutination inhibition assay

MN microneutralization assay

ccllv4 cell-culture-based quadrivalent 11V

v Inactivated influenza vaccine

1v4 Egg-based quadrivalent inactivated influenza vaccine
EMR Electronic medical record

BMI Body mass index

RDE Receptor-destroying enzyme

PBS Phosphate-buffered saline

CbhC Centers for Disease Control and Prevention
FDA Food and Drug Administration

GMT Geometric mean titers

VE Vaccine effectiveness

MFR Mean fold rise

References

[1]. Flannery B, Zimmerman RK, Gubareva LV, Garten RJ, Chung JR, Nowalk MP, et al. Enhanced
genetic characterization of influenza A(H3N2) viruses and vaccine effectiveness by genetic
group, 2014-2015. J Infect Dis 2016;214 (7):1010-9. [PubMed: 27190176]

[2]. Zost SJ, Parkhouse K, Gumina ME, Kim K, Perez SD, Wilson PC, et al. Contemporary H3N2
influenza viruses have a glycosylation site that alters binding of antibodies elicited by egg-
adapted vaccine strains. Proc Natl Acad Sci 2017;114(47):12578-83. [PubMed: 29109276]

[3]. Chen H, Alvarez JJS, Ng SH, Nielsen R, Zhai W. Passage adaptation correlates with the reduced
efficacy of the influenza vaccine. Clin Infect Dis 2018.

[4]. Cohen SA, Chui KK, Naumova EN. Influenza vaccination in young children reduces influenza-
associated hospitalizations in older adults, 2002-2006. J Am Geriatr Soc 2011;59(2):327-32.
[PubMed: 21275932]

[5]. Centers for Disease Control and Prevention: The Pink Book: Epidemiology and Prevention of
Vaccine Preventable Diseases. In., edn.; 2013.

[6]. A SAS Program for the 2000 CDC Growth Charts (ages 0 to <20 years) [http://www.cdc.gov/
nccdphp/dnpao/growthcharts/resources/sas.htm.]

[7]. Global WHO Inflluenza Surveillance Network: Serological diagnosis of influenza by
haemagglutinatin inhibitin testing In: Manual for the laboratory diagnosis and virological
surveillance of influenza, Geneva, Switzerland: WHO; 2011.

[8]. Gross FL, Bai Y, Jefferson S, Holiday C, Levine MZ. Measuring influenza neutralizing antibody
responses to A (H3N2) viruses in human sera by microneutralization assays using MDCK-SIAT1
cells. JoVE (Journal of Visualized Experiments) 2017;129:e56448.

[9]. World Health Organization/World Organisation for Animal Health/Food and Agriculture
Organization, H5N1 Evolution Working Group: Revised and updated nomenclature for highly

Vaccine. Author manuscript; available in PMC 2021 July 14.


http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm
http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Moehling et al.

[10].

[11].

[12].

[13].

[14].

Page 10

pathogenic avian influenza A (H5N1) viruses. Influenza and other respiratory viruses 2014,
8(3):384-388. [PubMed: 24483237]

Black S, Nicolay U, Vesikari T, Knuf M, Del Giudice G, Della Cioppa G, et al. Hemagglutination
inhibition antibody titers as a correlate of protection for inactivated influenza vaccines in
children. Pediatr Infect Dis J 2011;30 (12):1081-5. [PubMed: 21983214]

Reber AJ, Kim JH, Biber R, Talbot HK, Coleman LA, Chirkova T, Gross FL, Steward-Clark E,
Cao W, Jefferson S: Preexisting immunity, more than aging, influences influenza vaccine
responses In: Open forum infectious diseases: 2015: Oxford University Press; 2015.

Chung JR, Rolfes MA, Flannery B, Prasad P, O’Halloran A, Garg S, et al. Effects of Influenza
Vaccination in the United States during the 2018-2019 Influenza Season. Clin Infect Dis 2020 In
Press.

Belongia EA, Skowronski DM, McLean HQ, Chambers C, Sundaram ME, De Serres G.
Repeated annual influenza vaccination and vaccine effectiveness: review of evidence. Exp Rev
Vacc 2017;16(7):723-36.

McLean HQ, Caspard H, Griffin MR, Gaglani M, Peters TR, Poehling KA, et al. Association of
prior vaccination with influenza vaccine effectiveness in children receiving live attenuated or
inactivated vaccine. JAMA Network Open 2018;1(6). e183742-e183742. [PubMed: 30646262]

Vaccine. Author manuscript; available in PMC 2021 July 14.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Moehling et al.

Page 11

Enrollment

Consented (n=171)

Excluded (n=3)

Declined to participate (n= 3)

‘ Randomized (n=168) |

l

Allocated to intervention 3:1 CCIIV l

Allocation

J Allocated to intervention QIV (n= 83)

(n=85)
Received allocated intervention (n= 85)

Received allocated intervention (n= 83)

PrN

Follow-Up

]

Lost to follow-up
+ Did not return (n=7)
+  Withdrew (n=2)

L Analysis J

’ Lost to follow-up

+ Did not return (n=5)

+  Withdrew (n=4)

+ Blood not analyzed (n=4)

Analysed (n=74)

Fig. 1.
Enrollment flow diagram.

| Analysed (n=70)

Vaccine. Author manuscript; available in PMC 2021 July 14.



Page 12

Moehling et al.

Author Manuscript

"3UID2A BZUSNJUI PaleAIIORUI JUS[eALIpeNnb pased-B6a = yAll
"3UI22A BZUSN[JUI PaleAldeU Jusuodwod au1aoeA paseq-66a T 01 paseq-11ad € = FAI199
“goueInsul o1jgnd pue ajeALid PaUIgLIOD ‘PaINsUl-UOU ‘8JeALId = 8dURINSUl J8YI0

"80BI-NINW ‘|dHN 9e|g ‘UBISY ‘NVIV = 89eJ 8NIYMUON

"$9|e1IeA SNONUIIUOD 104 158} ‘sa|qeLieA [eatioBe1ed 1oy 10exT s, Jaysid/arenbs-1y0 Ag
¥

(r'1e) st (912) 91 (s12) T€E P10231 0U/PaJeUIdIBA JON

860 (9'82) g5 (7'8L) 85 (s'82) €11 119021 All

SNJe]s sulddeA ezusnjjul 9T0¢

(6'zv) o€ (828) 82 (e'0v) 85 PJ0031 OU/PBI_UIOOEA JON

¥S0 (T29) ov (z'29) 9v (2'69) 98 119021 All

SNJe]s sulddeA ezusnjjul LT0C

96°0 (r1e) ee (T1e) €2 (eT8) Gv  (9%) U ‘2unsodxd axjows ou = ‘Jas ‘Bupjos pjoyasnoy o} pasodx3

280 (r'1€) 2C (262) 2C (9°0¢) v (%) u *aqnuadJad yige> = "Jai ‘a|nuadIad IS6 < IING

660 (T'20) S (0'22) 15 (T20) 117 (9%) u ‘@duRINSUI J1BYIO = "Jal ‘BOUBINSUI UYi[eay d1jgnd

9’0 (5'58) 65 (8'08) 65 (Te8) 81T (%) u ‘8b8]]09= = "Ja1 ‘8b8]|00 BWOS S UOIRINPS [EIUBIE]

€90 (T'v6) 9 (6'56) 02 (0'g6) ¥ET (%) u *d1uedsIH = "Jau d1uedsIH-UON

G660 (7'18) LS (T'18) 09 (e'18) 211 (%) U ‘aNuM = *Ja1 ‘3081 BHYM-UON

2L0 (2'59) 6€ (L29) 6€ (evs) 8L (%) u ‘arew = "Jo1 ‘ajewad

8€0 (e'v8) 65 (z'68) 99 (8'98) sz1 (%) u ‘6> = "J31 's1eak 0z—6 bY

8r'0  (99T-0TT) 0¥T (6'ST-L0T) 6'€T  (2'9T-8'0T) O'¥T (€0 ‘TO) ueipaw ‘(sreak) aby

anjea-d OL=NVAIl  vL=NVAIID $PT =N I[eI3n0 a|cferIen
"panIadal adAl aula3eA ezZUBN|JUI 6T0Z—8T0Z Ag solydeibowaq

T 3|qeL

Author Manuscript

Author Manuscript Author Manuscript

; available in PMC 2021 July 14.

Vaccine. Author manuscript



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Moehling et al.

Table 2

Page 13

Pre- and post vaccination hemagglutination inhibition (HI) and microneutralization (MN) assay titer responses

by vaccine type.

Antibody response measure ccllV4 recipients N =74 11V4 recipients N = 70 p valueT
A/HINI - A/Michigan

Seroconversion, % 27 20 0.32
Day 0 HI titer = 1:40, % 85 89 0.54
Day 28 HI titer = 1:40, % 97 99 0.59
Day 0 HI titer > 1:110, % 58 56 0.77
Day 28 HI titer 2 1:110,% 86 80 0.30
Day 0 HI GMT (95% CI) 117 (89-154) 111 (86-145) 0.80
Day 28 HI GMT (95% Cl) 292 (238-359) 241 (191-305) 0.22
Mean fold-rise in titer (95% CI) 2.5 (1.9-3.3) 2.2 (1.8-2.6) 0.42
A/H3N2-A/Singapore Egg Grown Virus

Seroconversion, n (%) 15 30 0.08
Day 0 MN titer = 1:40, % 100 100 Undefined
Day 28 MN titer = 1:40, % 100 100 Undefined
Day 0 MN titer > 1:110,% 99 99 0.97
Day 28 MN titer = 1:110,% 100 100 Undefined
Day 0 GMT (95% CI) 1285 (9881671) 1098 (8541411) 0.39
Day 28 GMT (95% Cl) 2064 (1664-2560) 2497 (2023-3083) 0.21
Mean fold-rise in titer (95% CI) 1.6 (1.3-2.0) 2.3(1.8-2.9) 0.05
A/H3NZ - A/Singapore Cell Grown Virus

Seroconversion, n (%) 35 24 0.21
Day 0 MN titer = 1:40, % 81 81 0.96
Day 28 MN titer = 1:40, % 95 94 0.94
Day 0 MN titer = 1:110,% 53 46 0.40
Day 28 MN titer = 1:110,% 7 66 0.13
Day 0 GMT (95% CI) 100(75-134) 93 (67-129) 0.73
Day 28 GMT (95% Cl) 256 (188-349) 174 (130-231) 0.07
Mean fold-rise in titer (95% Cl) 2.6 (1.9-3.5) 1.9(1.5-2.4) 0.11
BYVictoria - B/Colorado

Seroconversion, % 34 34 0.95
Day 0 HI titer = 1:40, % 88 86 0.71
Day 28 HI titer = 1:40, % 93 96 0.52
Day 0 HI titer > 1:110, % 49 49 0.99
Day 28 HI titer 2 1:110, % 76 79 0.68
Day 0 HI GMT (95% CI) 109 (83-142) 98 (74-131) 0.61
Day 28 HI GMT (95% Cl) 232 (176-306) 233 (186-292) 0.97
Mean fold-rise in titer (95% CI) 2.1 (1.6-2.8) 2.4 (1.9-2.9) 0.55
B/Yamagata - B/Phuket

Seroconversion, % 14 24 0.10
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Antibody response measure

ccllV4 recipients N = 74

11V4 recipients N = 70

P value
Day 0 HI titer = 1:40, % 86 87 0.91
Day 28 HI titer = 1:40, % 95 97 0.45
Day 0 HI titer 2 1:110, % 64 56 0.34
Day 28 HI titer = 1:110, % 82 74 0.24
Day 0 HI GMT (95% CI) 130(100-170) 102 (79-133) 0.19
Day 28 HI GMT (95% Cl) 193 (156-238) 200 (161-248) 0.80
Mean fold-rise in titer, (95% CI) 1.5 (1.1-1.9) 2.0(1.6-2.4) 0.10

Page 14

Note:GMT = geometric mean titer; Cl = confidence interval; Seroconversion = Hl titer ratio of day 28/day 0 = 4 and Hl titer at day 28 > 40.

*
Primary outcome was seroconversion at day 28.

Paired #test compares log MFR MN titers against A/H3N2(cell) vs A/H3N2 (egg):

*
ccllV, P <0.001;

*Kk
1V, P=0.12.

fPaired T-test was used to compare log titers; Chi-square test was used to compare rates.
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