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Antigenic alteration of 2017-
2018 season influenza B vaccine
by egg-culture adaption

Jo L. Wilson1,2*, Ruifeng Zhou1, Hsuan Liu1, Richard Rothman3,
Katherine Z. Fenstermacher1 and Andrew Pekosz1*

1W. Harry Feinstone Department of Molecular Microbiology and Immunology, Johns Hopkins
University Bloomberg School of Public Health, Baltimore, MD, United States, 2Deparment of
Pediatric Allergy and Immunology, Johns Hopkins Hospital, Baltimore, MD, United States,
3Adult Emergency Department, Johns Hopkins Hospital, Baltimore, MD, United States
Influenza B Viruses (IBV) have caused an increasing number of cases over the

last 15 years. The focus of this study was to assess the role of egg adapted

mutants in IBV vaccines on the reactivity of serum from vaccinated or IBV

infected individuals. We focused on the 2017-2018 IBV season as this was a

significant influenza year with reported low vaccine effectiveness by the CDC.

Patient samples were obtained from Johns Hopkins Adult Emergency Room

for virus isolation and antigenic characterization. Antigenic characterization

was evaluated using neutralizing antibody assays. Viral characterization was

carried out using viral genome sequencing and structural modeling, MDCK-

SIAT1 growth curves, MDCK Plaque assays and human primary nasal epithelial

cell (hNEC) growth curves. In our analysis, we found that in the vaccine strains

of both IBV lineages, there was an amino acid change at position 197 (B/

Brisbane HA Numbering) that leads to a loss of glycosylation. Our antigenic

evaluation shows that there is a significant difference in neutralizing antibody

titers between the egg adapted vaccine for the B/Yamagata lineage compared

to representative clinical isolates from that season and the cell cultured

vaccine. We propose that this loss of a glycosylation site is an important site

for propagation in the allantois and that this common site change may play a

role in antigenic recognition and therefore immune protection from circulating

viruses. Screening egg cultured vaccine viruses for egg adapted mutants,

further transitioning vaccine production to mammalian culture models

(MDCK) or investigating new models of influenza vaccination may be

necessary to improve efficacy of the seasonal influenza vaccine for

protection from IBV.
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Introduction

Influenza A Virus (IAV) and Influenza B Virus (IBV) co-

circulate in the human population causing significant seasonal

epidemics. Both viruses can cause upper and lower respiratory

disease in humans at a wide range of severity (1). While the

overall severity of clinical disease is similar between IAV and

IBV (2), IBV does have specific clinical associations including an

age predisposition for late childhood, a larger proportion of

pediatric deaths and increased risk of the rare acute encephalitis,

Reye Syndrome (3–5). IBV overall has been less thoroughly

studied compared to IAV, perhaps due to the lack of pandemic

potential as IBV is endemic to humans with no true animal

reservoir (6). When looking across various surveillance efforts,

IBV accounts for about 23% of overall influenza infections over

the last two decades with evidence for increasing case numbers

in recent years (7).

IBV diverged into two separate genetic lineages – B/Victoria

and B/Yamagata – likely in the late 1970s and are defined by

differences in their hemagglutinin (HA) gene segment (8).

Thorough phylogenetic evaluation of IBV show that these two

lineages have taken variant pathways of genetic evolution to

maintain circulation (9). B/Victoria viruses show significant

structural changes to the HA 160 antigenic loop while B/

Yamagata viruses show increased diversity driven by the

Neuraminidase (NA) gene (Virk, Jayakumar et al.). Since the

SARS-CoV-2 pandemic, the genetic landscape of IBV has

changed dramatically. There has been significant antigenic

drift in B/Victoria lineage viruses leading to two recent

updates of the candidate vaccine virus (CVV) accompanied by

a vast reduction in B/Yamagata lineage cases with some

suggesting the lineage may be extinct (10).

Hemagglutinin contains two subunits, HA1 and HA2. HA1

contains the receptor binding domain and the dominant

antigenic sites whereas HA2 is highly conserved and plays a

pivitol role in membrane fusion and viral entry (11). The

antigenically dominant sites of IBV HA1 have been defined as

the 120-loop, the 150-loop, the 160 loop and the 190 helix (HA1

194-202) (12). These four major structural regions allow for

conservation of the global protein structure while being able to

maintain frequent amino acid substititions and insertions/

deletions to evade the human immune system (13).

Current influenza vaccines induce strain specific immunity

with vaccine strain selection based on global surveillance efforts.

In the 2017-2018 season, the primary modes of vaccine

formulation were embryonated hen’s egg-grown vaccines and

Madin-Darby Canine Kidney (MDCK) cell cultured vaccines.

Egg grown vaccines made up over 90% of distrubuted doses (14).

Recently, there has been an increased focus on shifting vaccine

formulation to cell culture vaccines given the known risk of egg-

adapted mutations in both IAV and IBV (15–18). Specifically for
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IBV, egg adaption has been previosly shown to induce loss of the

glycosylation site at position 197-199 in the 190 helix which is

believed to allow for improved IBV replication in embryonated

hen’s eggs through alteration of receptor binding (19–22). An

alteration in HA antigenicity has also been documented with the

loss of this glycosylation site using ferret antisera in hemagglutin

inhibition (HI) assays (17). Cell cultured vaccine also has been

shown to have the potential for amino acid changes, primarily in

the RNA polymerase, although overall this has been less

studied (23).

The primary goal of our study was to investigate IBV

vaccines to assess for variation from the CVV in egg and cell

cultured vaccines from the 2017-2018 season and potential

effects on viral and antigenic characteristics.
Materials and methods

Human sample collection and ethics

The human subjects’ protocol was approved by the Johns

Hopkins School of Medicine Institutional Review Board

(IRB90001667) and National Institutes of Health Division of

Microbiology and Infectious Diseases (protocol 15-0103).

Patients were enrolled at the Johns Hopkins Medical Institute

(JHMI) Department of Emergency Medicine or on inpatient

floors. Symptomatic patients in the emergency department were

screened and tested for influenza from triage by clinical

providers using a validated clinical decision guideline tool.

After written consent was obtained, a nasopharyngeal swab,

baseline blood sample, demographics, and vaccination history

were collected. Enrolled IBV-positive subjects (presence of IBV

was determined by nasal swab RT-PCR) were asked to return for

a follow-up visit 3–5 weeks later to collect a convalescent serum

sample. For each blood draw, 10 mL of blood was collected in

Vacutainer tubes, blood was coagulated at room temperature,

and serum was separated and stored at −70°C. Nasopharyngeal

swabs were placed in 500 mL infection media (IM) consisting of

Dulbecco’s Modified Eagle Medium (DMEM) supplemented

with 0.3% BSA, 100U/mL of penicillin and 100ug/mL of

streptomycin mixture (Life Technologies) and 2mM Glutamax

(Gibco). Samples were frozen at −70°C within 6 hours of

collection. These specimen were used to infect human nasal

epithelial cells (hNEC) by placing 50-100 uL of nasal swab

solution on the apical surface and apical samples were

collected on days 3-, 5-, and 7-days post infection. The 3,5-

and 7-days post infection samples were used to confirm presence

of infectious virus using TCID50 assay. All clinical isolates were

subsequently confirmed via sequencing of the HA segment via

rtPCR and flow cytometry on virus infected MDCK-Siat cells

using HA lineage specific monoclonal antibodies.
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Cell lines and primary cells

Madin-Darby Canine Kidney Cells (MDCK)-SIAT1 cells

were maintained in complete medium (CM) consisting of

Dulbecco’s Modified Eagle Medium (DMEM) supplemented

with 10% fetal bovine serum, 100U/mL of penicillin and

100ug/mL of streptomycin mixture (Life Technologies) and

2mM Glutamax (Gibco). Primary Human Nasal Epithelial

Cells (Promocell, Heidelberg, Germany) were plated and

cultured in serum-free Airway Epithelial Growth Medium

(Promocell) with SupplementPack Airway Epithelial Cell

Growth Medium without antibiotics. The apical surface of

wells was originally coated with 0.03 mg/mL Collagen I, Rat

Tail (Gibco). Cells are then plated on 24 well ALI plate with

Airway media on the apical and basolateral surface. This media

promotes proliferation and inhibits terminal differentiation. The

media is changed 24 hours after cell plating and every 48 hours

following to maintain cell viability. After 7-10 days, confluence is

assessed using visual monitoring by microscopy and objectively

measured by Transepithelial Electrical Resistance. When fully

confluent (TEER> 400), both apical and basolateral media were

removed and ALI differentiation media (Stem Cell Technologies,

Pneumacult ALI Basal Medium supplemented with 1X ALI

Maintenance Supplement (StemCell Technologies), 0.48 ug/mL

Hydrocortisone solution (StemCell Technologies), and 4 ug/mL

Heparin sodium salt in PBS (StemCell Technologies) was

replaced on the basolateral side only. This change allows full

differentiation of human nasal cultures. Media is changed every

48 hours to maintain cell viability. The apical surface of cells is

intermittently washed with PBS to remove excess mucus. Full

differentiation takes approximately 4 weeks and cells are

considered fully differentiated when there is presence of

mobile cilia on the cell surface visible with standard

microscopy. Cells are used for experiments once considered

fully differentiated and remain viable for 4-6 weeks following

differentiation. All cells were maintained at 37°C in a humidified

incubator supplemented with 5% CO2.
Plaque assay

MDCK cells were grown in complete medium to 100%

confluency in 6-well plates. Complete medium was removed,

cells were washed twice with PBS containing 100µg/ml calcium

and 100µg/ml magnesium (PBS+) and 250µL of inoculum was

added. Virus dilution was completed by serially diluting the

virus stock 10-fold until 10-6, Cells were incubated at 33°C for 1

hour with rocking every 10 minutes. After 1 hour, the virus

inoculum was removed and phenol-red free MEM

supplemented with 3% BSA (Sigma), 100U/mL of penicillin

and 100ug/mL of streptomycin mixture (Life Technologies),

2mM Glutamax (Gibco) and 5µg/ml N-acetyl trypsin (Sigma),
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5mM HEPES buffer and 1% agarose was added. Cells were

incubated at 33°C for 3-5 days and then fixed with 4%

formaldehyde. After removing the agarose, cells were stained

with napthol-blue black. Plaque size was analyzed in Image J.
Fifty percent tissue culture infectious
dose (TCID50)

MDCK-SIAT1 cells were seeded in a 96 well plate 2 days

before assay and grown to 100% confluence. Cells were washed

twice with PBS+ then 180µL of IM was added to each well. Ten-

fold serial dilutions of virus from 10-1 to 10-7 was created and

then 20µL of the virus dilution was added to the MDCK-SIAT1

cells. Cells were incubated for 6 days at 33°C then fixed with 2%

formaldehyde. After fixing, cells were stained with naphthol

blue-black, washed and virus titer was calculated using the Reed

and Muench method (Reed LJ, 1938).
Lineage determination-RT PCR

We chose a two-step lineage determination process for IBV

positive PCR nasopharyngeal swabs. Lineage was also later

confi rmed us ing HA sequenc ing . We used WHO

recommended lineage specific primers to create RT-PCR

products of specific sizes based on lineage. B/Yamagata viruses

generate a 388 bp PCR product and B/Victoria viruses generate

284 bp PCR product that were visualized using an agarose gel.

Viral RNA was isolated using Qiagen QIAamp Viral RNA Mini

Kit per manufacturer’s protocol. 140ul of nasopharyngeal swab

sample was used for each extraction. Concentration of extracted

vRNA were measured by NanoDrop and 2ul of vRNA were

input into RT-PCR reactions. One-step RT-PCR master mix was

prepared with SuperScript™ III One-Step RT-PCR System with

Platinum™ Taq DNA Polymerase per manufacturer ’s

instruction. All 4 primers were added to the mix at final

concentration of 10uM.

B/Victoria Bvf224 ACATACCCTCGGCAAGAGTTTC

Bvr507 TGCTGTTTTGTTGTTGTCG

TTTT

B/Yamagata BYf226 ACACCTTCTGCGAAAGCTTCA

BYr613 CATAGAGGTTCTTCATTTGG

GTTT
Lineage determination-flow cytometry

MDCK-SIAT-1 cells were plated at about 50% confluency in

6-well tissue culture plates and incubated at 37°C for 24 hours.

Cells were washed twice with PBS+ and then infected with 250ul
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of virus at MOI of 0.2 and incubated at 33°C. At 18 hours post

infection, cells were washed twice with PBS and treated with 1X

trypsin-EDTA solution (Gibco) for 15 minutes at 37°C.

Dislodged cells were collected in a 50mL conical tube and

equal volume of complete growth media was added to the

tube. The tube was centrifuged at 800g for 4 minutes, followed

by 2 washes with 10mL of PBS. One mL of 2% paraformaldehyde

was added to each tube and incubated at 4°C for 30 minutes,

followed by 2 washes with 10mL of PBS and centrifuged at 900g

for 3 minutes. The fixed cells were permeabilized with 1mL of

permeabilization buffer (0.2% of Tween-20 in PBS) at 4°C for 15

minutes. Cells were resuspended in FACS buffer (0.3% BSA in

PBS) and aliquoted into FACS tubes. 100uL of blocking buffer

(1% normal goat serum in FACS buffer) was added to FACS

tubes and incubated at room temperature for 30 minutes. Then

cells were washed and centrifuged with 2mL of FACS buffer and

incubated with the appropriate primary antibody for 45 minutes

at room temperature. B/Victoria specific mouse monoclonal

antibody BR7B7 (24) was used at 4 ng/ml, and B/Yamagata

specific mouse monoclonal antibody WI3E8 was used at 1 ng/

ml. Cells were washed twice with 2mL of FACS buffer and

incubated with 100uL secondary Goat anti-mouse IgG AF488 at

2ng/ml for 25 minutes at room temperature. Cells were washed

with 2mL and resuspended in 500uL of FACS buffer. Samples

were run on BD FACSCaliber and histograms were analyzed

using FlowJo Software.
HA sequencing and modeling

HA segments from vaccine strains or clinical isolates were

sequenced to confirm that no sequence alteration occurred with

creation of working stocks using the GISIAD sequence database

for sequence comparison when applicable. Viral RNA from each

virus isolate was purified using Qiagen vRNA isolation Kit.

SuperscriptIII RT-PCR system (ThermoFischer) and used to

generate cDNA for sequence analysis. Primers were designed at

the 5’ and 3’ noncoding regions of the HA segment with the goal

of full sequence coverage.

B/Yamagata RT-PCR

primer

IBV_Yam_5UTR_1F AGCAGAAGCAGAGCATTTTCT

IBV_Yam_3UTR_1842R TGATGACAAGCAAACAAGCACT

B/Victoria RT-PCR

primer

IBV HA 5’ UTR TATTCGTCTCAGGGAGCAGAAG

CAGAGCATTTTCT

IBV HA 3’ UTR R GTAATGATGACAAGCAAACAAGCA

Sequencing primer IBV HA seq 426 F AGAAAAAGCACGACCAGGAGGACCCTA

IBV HA seq 1316 R AGTATTTCGTTGTGGAGTTCATCCAT
Frontiers in Virol
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Additional sequencing primers were designed within the

reading frame to ensure full and quality coverage of the entire

segment. The cDNA was sent to the Synthesis & Sequencing

Facility of the Johns Hopkins University for Sanger sequencing.
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Geneious (Version 8.0) software was used for sequence analysis.

Using FluDB HA Numbering Subtype Conversion, we identified

amino acid changes relative to B/Brisbane/60/2008 numbering.

We then used PyMol (version 2.4.1) to model AA changes present

between clinical strains and vaccine strains and then egg adapted

amino acid changes. Hemagglutinin structure of B/Brisbane/60/

2008-B/Victoria Lineage (PDB code: 4fqm) was used for modeling

as this is the most recent structure of IBV Hemagglutinin

published and this structure was used for HA numbering.
Serum microneutralizing
antibody assays

Serum samples were first treated (1:3 ratio serum to enzyme)

with Receptor Destroying Enzyme (Denka-Seiken) and incubated

overnight at 37°C followed by inactivation at 57 °C for 35 minutes.

Serum was diluted 2-fold in IM (Dulbecco modified Eagle

medium (Sigma), with 10% penicillin/streptomycin (Gibco),

10% L-glutamine (Gibco), 0.5% BSA (Sigma), and 5µg/mL of N-

acetyl trypsin (Sigma) at 37°C and 5% CO2) and 100 TCID50 was

added for a one-hour incubation at room temperature. Serum

Sample/Virus was used to infect a confluent layer of MDCK-

SIAT-1 cells. Inoculums were removed after 24 hours, and fresh

media (same recipe as above) was added for 96 hours. Plates were

fixed and stained as described previously. The Neutralizing

Antibody titer was calculated using the highest serum dilution

that led to greater than 50% CPE.
Low-MOI infections

Low-multiplicity of infection (MOI) growth curves were

performed at an MOI of 0.001 infectious units/cell in MDCK-

SIAT1 cells and 0.01 in hNEC cultures. MDCK-SIAT-1 cell

infections were performed by incubating inoculum virus

solution on the MDCK-SIAT-1 cell monolayer for 2 hours.

After the infection, the inoculum was removed and the MDCK-

SIAT1 cells were washed three times with PBS+. After washing,

IM was added, and the cells were placed at 33°C. At the indicated

times post inoculation, IM was removed from the MDCK-SIAT1

cells and frozen at -80°C. Fresh IM was then added. In low-MOI

hNEC growth curves, hNECs were acclimated to 33°C or 37°C for

48hrs before infection. The apical surface was washed three times

with PBS and the basolateral media was changed at time of

infection. hNEC cultures were inoculated at an MOI of 0.01.

hNEC cultures were then placed in a 33°C incubator for 2 hours.

After incubation, the apical surface of the hNEC culture was

washed three times with PBS+. At the indicated times, 100ul of IM

without N-acetyl trypsin was added to the apical surface of the

hNECs for 10 minutes at 33°C, the IMwas harvested and stored at

-80°C. Basolateral media was changed every 48 hrs post infection
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for the duration of the experiment. Infectious virus titers in the

apical supernatants were measured with TCID50 assay.
Results

HA sequencing and modeling of vaccine
virus and clinical isolates show an egg
adapted amino acid change at position
197 across both lineages of IBV in the
2017-2018 season vaccines

The goal of our study was to evaluate for the presence of

antigenic changes induced by vaccine production in either egg or

cell cultured vaccines. The initial comparison was made through

gene segment sequencing of the HA segment of our three

comparison viruses per lineage: circulating strain, the egg

grown vaccine strain and the cell cultured vaccine. The 2017-

2018 season was chosen due to a particularly high incidence of

influenza cases that year and additionally clinical reports that

suggested that the cell cultured vaccine from that year may have

shown better efficacy for IBV protection (25). A limited number

of amino acid changes were identified in the circulating virus

that were not present in either vaccine virus (Figures 1A, B). The

cell cultured vaccine and egg cultured vaccine of both lineages

differed at one position, N197, the first amino acid in the 197-

199 glycosylation site. The cell cultured vaccine was consistent

with the circulating strain at this position (Figures 1A, B). The

amino acid change at this position is a loss of a known

glycosylation site in the structure (Figure 1C). These findings

show a consistent egg adaption-related amino acid change across

both lineages of IBV (Figure 1D).
Human serum microneutralization assays
(NAb) before and after natural infection
with B/Yamagata strains show differential
antibody recognition

After confirming that there was a specific egg adapted amino

acid change, we hypothesized that this amino acid change in the

antigenically active 190 helix might lead to differential post

antibody recognition. Although this amino acid change was

found across both lineages, study of the B/Yamagata lineage

viruses was pursued given the dominance in the season of

interest. Individuals with confirmed IBV infection in the 2017-18

Northern Hemisphere influenza season were enrolled in a study

that collected serum at the time of IBV infection diagnosis and 28

days later. These paired serum samples were used to determine the

antigenic relatedness of egg-adapted vaccine strains, cell culture

vaccine strains and circulating IBV strains. In the 2017-2018

season, B/Yamagata was the dominant circulating lineage (26)

and all enrolled IBV infections were with B/Yamagata lineage
Frontiers in Virology 05
viruses. Neutralizing antibody assays were used to compare

neutralization of these viruses with the baseline and convalescent

serum. There were statistically significant mean titers comparing

baseline and convalescent serum for the clinical isolate and cell

cultured vaccine strain, but there was no statistically significant

difference between baseline and convalescent serum for the egg

cultured vaccine strain (Figure 2A). There was no statistically

significant difference in baseline neutralization titer (Figure 2B).

Mean neutralization titers between convalescent samples showed a

statistically significant difference in the egg cultured vaccine

compared to clinical isolate and cell culture vaccine. There was

no statistical difference between the cell cultured vaccine and the

clinical isolate (Figure 2B). Analyzing the data further, there was a

notable difference in titers between previously vaccinated patients

during that season in the assessment of egg cultured vaccine. The

sample size was too small to evaluate statistical significance between

the vaccinated and unvaccinated individuals in these groups.
Human NAb titers from vaccinated
healthcare workers have statistically
significant differences in mean titer
between the egg grown, cell cultured
and clinical isolate from the 2017-2018
season

Given the size of the natural infection cohort, we chose to

investigate a larger vaccinated cohort to test our hypothesis. We

completed the same serum microneutralization assays on a pre

and post vaccination cohort of healthcare workers. These

participants were vaccinated with quadrivalent egg cultured

IIV and serum microneutralization assay was completed for

pre and post vaccination. For each virus, pre and post

vaccination serum showed a statistically significant increase in

mean titer (Figure 3A). There was a statistically significant

difference in mean neutralizing antibody titer between the egg

cultured vaccine strain and the other two strains in post-

vaccination serum (B/R02050 and B/Phu-cell) (Figure 3B).

These data together represent variable antibody recognition of

the egg cultured vaccine strain for the 2017-2018 season for B/

Yamagata lineage viruses.
Plaque assay comparison of clinical
strains versus egg grown and cell
cultured vaccine show consistently
smaller plaque sizes of the cell cultured
vaccine strain

Given that amino acid differences between egg-grown

vaccine, cell culture grown vaccine and clinical isolates of IBV

in the 190 loop could drive differential recognition by

neutralizing antibodies, we investigate whether any replication
frontiersin.org
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A B

D

C

FIGURE 1

Sequence Analysis of Egg Adapted Vaccine Viruses show loss of Glycosylation Site at Position 197. (A, B) All mutations on the HA surface of
egg-cultured vaccine and cell-cultured vaccine strains from the circulating strain in both B/Yamagata (A) and B/Victoria (B) lineages are mapped
on the model. A mutation V252M is not shown on the model as the residue is inside the HA trimer structure. The known antigenic sites of IBV
are highlighted. The 120 loop is shown in green, the 150 loop is shown in blue, the 160 loop is shown in yellow and the 190 helix is shown in
violet. The crystal structure of HA of B/Brisbane/06/2008 was used for modeling and amino acid numbering. (C) Sequence alignment of
circulating viruses, egg adapted vaccine strains and cell cultured strains shown. (D) Model of HA detailing egg adapted amino acid change
leading to loss of a glycosylation site.
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differences could also be attributed to these amino acid

mutations. When virus plaque size was determined on MDCK

cells, there was a statistically significant difference seen in plaque

size in the cell cultured viruses of the Yamagata (Figures 4A, B)

lineage viruses when compared to either the egg-grown vaccine

or the clinical isolate. Since the cell culture and the clinical isolate

both possess the same loss of glycosylation at position 197, we

conclude that this mutation is not driving plaque size differences

between the three virus strains.
Low-MOI growth curve analysis show
impaired growth kinetics and loss of
peak titer in the cell culture vaccine virus
of the B/Yamagata lineage

In addition to efficiency of cell to cell spread we assessed

infectious virion production over time between these viruses.

These growth curves were completed on the MDCK-SIAT1 cell

line which overexpresses the enzymes that add alpha 2,6 sialic

acid to N-linked glycans, thus making the cell line more

susceptible to infection with human influenza virus strains

(27). Growth curves were also assessed on human nasal

epithelial cells (hNECs) to represent a physiologically relevant

cell culture system. There was no significant phenotypic
Frontiers in Virology 07
variation with the egg derived vaccine viruses in either the

MDCK-SIAT1 or the hNEC growth curves despite the known

loss of glycosylation site in the 190 helix. We did see a similar

pattern to the plaque assay data in that the cell cultured vaccine

virus has lower peak titer and slowed replication compared to

the egg cultured virus and the circulating virus (Figures 4C, D).

This pattern is seen in both cell culture models, MDCK-SIAT-1

and hNECs. The phenotype of slowed replication appears to be

emphasized in the hNEC primary culture model. Again, we

hypothesize that the N197D amino acid change seen with egg

culture adaption is not having a significant impact on virion

production in human nasal cells.
Discussion

The purpose of this study was to investigate IBV vaccines

and assess the continued role of egg adapted amino acid changes

as has been reported in the literature beginning in the 1980s (19,

20, 22). These questions are necessary to investigate as many of

the cited changes throughout history were in antigenically

dominant sites and this has had limited investigation in novel

IBV vaccines. Our data show that, consistent with historical sites

of egg adaption at the 197-199 HA glycoslyation site, novel IBV

vaccines B/Phuket/3073/2013 and B/Colorado/06/2017 contain
A B

FIGURE 2

Neutralizing Antibody Assays-IBV infected individuals from 2017-2018 Season. 7 patients with natural IBV infection (B/Yamagata lineage) at
Johns Hopkins Hospital had serum samples collected during active infection (baseline) and 4-6 weeks following infection (convalescent). B/
Baltimore/R0250/2018 (B/R0250), B/Phuket/3073/2013-egg cultured (B/Phu-egg) and B/Phuket/3073/2013-cell cultured (B/Phu-cell) were
used for comparison. (A) Matched values during (baseline) and 4-6 weeks (convalescent) after natural infection with B/Yamagata lineage
influenza viruses. Participants shown in red received the egg grown quadrivalent vaccine that season. Paired T-test used to calculate
significance (B) Box and Whisker plot comparing median nAb titers during (baseline) and 4-6 weeks after (convalescent) natural infection in our
comparison viruses. Two-way Anova with multiple comparisons was used to calculate statistical significance of median values. An * indicates
p<0.05 and ns indicates a not significant difference.
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egg adapted amino acid mutations at the same glycosylation site.

The historical data as well as the consistent amino acid change

across lineages confirms that this site is a weak site for egg

cultured amino acid changes.

The site of this amino acid change is in an antigenically

dominant site, the 190 helix (12). Given the concerning site for

amino acid change from the desired CVV chosen, we investigated

the potential effect on antigenic recognition. Neutralizing antibody

assays were used to assess antigenic recognition of the clinical

isolate, egg adapted vaccine virus and cell cultured virus. Our data

show that there is variable antibody recognition in the egg adapted

virus using pre and post infection serum. Higher mean anitbody

titers in the baseline and convalescent serum from B/Yamagata

infected patients was not the expected result as we expected

natural infection to have decreased antibody recognition of the

egg adapted virus. We went back to assess vaccination history of

the natural infection participants. There appears to be two groups

that separate by vaccination history. Patients with vaccination that

season represent the patients with higher mean titers to the egg

adpated virus. We hypothesize that this represents increased

protection from vaccine induced antibodies in constrast to

antibodies induced from natural infection. This is also consistent

with lack of increased mean titer in the comparison viruses of the

vaccinated individuals.
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This differential antibody recognition was also seen in our

vaccination cohort. Together, these data show that there is

differential antigenic recognition of the egg adapted vaccine

strain, B/Phuket/3073/2013. The clinical isolate and the cell

cultured vaccine from that season do not show differential

antibody recognition. Given what we found in the

antigenically dominant HA sites and the antibody assays, we

conclude that the variable antibody detection is secondary to the

egg adapted loss of glycosylation at position N197.

We initially hypothesized that the amino acid mutation that

was likely effecting antibody binding also might lead to a viral

phenotype change. We were surpised to observe that there were

no viral phenotype changes observed between the egg adapted

vaccine strain and the clinical isolate in plaque assays and

growth curves. However, there did exist a decreased cell to cell

spread and virion production in the cell cultured vaccine. From

this data, we hypothesze that the lack of glycosylation site at the

197-199 position of HA does not have an effect on viral

replication kinetics. As has been shown in other studies, this

decreased replication efficiency that is seen may lie in cell culture

adaption in the RNA Polymerase although this was not

specifically pursued in this study.

Given the continued presence of egg adaption in IBV in

recent vaccines, potential effect on induced immunity and
A B

FIGURE 3

Neutralizing Antibody Assays, Vaccinated Healthcare Workers. A group of 67 healthcare workers had serum samples taken at Johns Hopkins
Hospital before vaccination and 4-6 weeks after vaccination in 2019-2020. These serum samples were used to compare the viruses compared
above, B/R0250, B/Phu-egg and B/Phu-cell. (A) Comparison of neutralizing antibody titers using the pre-vaccination and post-vaccination serum of
patients vaccinated with the quadrivalent IIV. B/Baltimore/R0250/2018 (B/R0250), B/Phuket/3073/2013-egg cultured (B/Phu-egg) and B/Phuket/
3073/2013-cell cultured (B/Phu-cell) were used for comparison against patient sera. (A) Matched values pre and post vaccination. Paired T-test used
to calculate significance (B) Box and Whisker plot comparing median nAb titers pre and post vaccination. Two-way Anova with multiple
comparisons was used to calculate statistical significance of median value. An * indicates p<0.05 and ns indicates a not significant difference.
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therefore protection from circulating viruses, we conclude that

egg adaption should be screened prior to large production of

vaccine virus. Alternatively, as cell cultured vaccine viruses show

phenotypic changes but do not seem to have an effect on

antigenic recognition, we propose continued transition to the

MDCK cell cultured vaccine viruses or entertaining other modes

of vaccine formulations for Influenza vaccination.
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