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ABSTRACT

B-cell responses play a central role in protecting against viral infections. Upon activation, naive B
cells proliferate and differentiate into short-lived antibody-secreting effector cells, known as
plasmablasts. These antibodies engage in various immune effector functions, including the
neutralization of the infecting virus. A subset of these primed B cells develop into long-lived
memory B cells, which can mount rapid and robust recall antibody responses if the host re-

encounters the same pathogen.

Research over the past several decades has revealed that as the B cells transition from naive to
effector to memory recall response states, their B cell receptors (BCRs) undergo evolution,
enabling the immune system to mount increasingly precise and effective responses. This capacity
to tailor responses to specific antigens is a hallmark of adaptive immunity, primarily driven by
somatic hypermutation, which leads to affinity maturation of the BCRs. Despite these critical
insights, our understanding of B cell responses during natural viral infections in humans,
particularly those infections that occur naturally for the second time, remains limited. A deeper
understanding of these is essential for gaining novel insights on immunological memory, pathogen

recognition, and the evolution of adaptive immunity during repetitive natural infections.

Dengue virus (DENV) is a valuable model for studying immune responses during natural viral
infections in humans. In endemic regions, such as India, four antigenically related dengue virus
serotypes (DENV1-4) co-circulate. A primary infection with any of the four serotypes induces
long-term immunity to that serotype but not to others, making reinfections with heterologous

serotypes common. This natural pattern of sequential infections enables studies to investigate how

xi|Page



the effector and memory B cell responses generated in response to a secondary natural infection

differ from those induced during a primary infection.

In this study, we analyzed human B cell response at a single-cell level by generating and
characterizing monoclonal antibodies from sorted plasmablasts and memory B cells derived from
primary and secondary dengue infections. We find that B cell responses following primary
infection are dominated by low-affinity, poorly neutralizing antibodies with minimal somatic
hypermutation, whereas secondary infections induce a markedly enhanced response characterized
by higher affinity, broader, and more potently neutralizing antibodies. This maturation of the B
cell repertoire reinforces classical immunological paradigms of affinity maturation and highlights

the functional evolution of humoral immunity in natural viral infections.
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ABBREVIATIONS AND SYMBOLS

Abbreviation Full Form

°C Degrees Celsius

% Percent

A260 Absorbance at 260 nm

A280 Absorbance at 280 nm

ADE Antibody-dependent enhancement
AIIMS All India Institute of Medical Sciences
AID Activation-induced cytidine deaminase
APCs Antigen-presenting cells

ATCC American Type Culture Collection
BCR B cell receptor

BAFF B cell-activating factor

BSA Bovine serum albumin

bp Base pair

Bcl6 B-cell lymphoma 6 protein

BD Becton Dickinson

BLIMP-1 B lymphocyte-induced maturation protein 1
CD Cluster of differentiation

CDRs Complementarity-determining regions
C Capsid protein

cDNA Complementary DNA

C6/36 Aedes albopictus cell line

CMV Cytomegalovirus

CO2 Carbon dioxide
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CSR Class-switch recombination

DAMPs Damage-associated molecular patterns
DENV Dengue virus

DMEM Dulbecco’s Modified Eagle Medium
DNA Deoxyribonucleic acid

dNTP Deoxynucleotide triphosphates

ECso Effective concentration 50%

EDTA Ethylenediaminetetraacetic acid

E Envelope protein

E2A E-protein transcription factor A
EBF1 Early B cell factor 1

ELISA Enzyme-linked immunosorbent assay
EDE Envelope dimer epitope

FACS Fluorescence-activated cell sorting
FBS Fetal bovine serum

FFU Focus-forming units

FDCs Follicular dendritic cells

FITC Fluorescein isothiocyanate

Foxol Forkhead box protein O1

FRNT Focus reduction neutralization test
GC Germinal center

HCI Hydrochloric acid

HEK Human embryonic kidney

HF High fidelity

HSCs Hematopoietic stem cells
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HRP
HTS
ICSO

IFN-y

IL-21

IL-4

IMGT

IRF4

kb
kDa

LB

MBC
MFI
MG

min

Horseradish peroxidase
High-throughput sequencing
Inhibitory concentration 50%
Interferon gamma
Immunoglobulin A
Immunoglobulin E
Immunoglobulin G
Immunoglobulin heavy chain
Immunoglobulin kappa chain
Immunoglobulin lambda chain
Immunoglobulin M
Interleukin-21

Interleukin-4

International ImMunoGeneTics information
system

Interferon regulatory factor 4
Joining gene segment
Kilobase

Kilodalton

Luria-Bertani medium

Marker (molecular weight standard)
Memory B cell

Mean fluorescence intensity
Milligram

Minutes
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ml
MOl
MWCO

nm

NP-KLH
NS1
NS2A
NS2B
NS3
NS4A
NS4B
NS5
oD
OPD
PAGE
PAMPs
PBS
PCR
PES
PIPE
PBMCs
PRRs
prM

RAG1

Milliliter

Multiplicity of infection

Molecular weight cut-off

Nanometer
4-hydroxy-3-nitrophenylacetyl conjugated to
keyhole limpet hemocyanin
Non-structural protein 1

Non-structural protein 2A
Non-structural protein 2B
Non-structural protein 3

Non-structural protein 4A
Non-structural protein 4B
Non-structural protein 5

Optical density

0-Phenylenediamine dihydrochloride
Polyacrylamide gel electrophoresis
Pathogen-associated molecular patterns
Phosphate-buffered saline

Polymerase chain reaction
Polyethersulfone

Polymerase incomplete primer extension
Peripheral blood mononuclear cells
Pattern recognition receptors
Premembrane protein

Recombination activating gene 1
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RAG2 Recombination activating gene 2

RBC Red blood cell

RNA Ribonucleic acid

rpm Revolutions per minute
RT Reverse transcription

Reverse transcription polymerase chain
RT-PCR reaction

Severe acute respiratory syndrome
SARS-CoV-2 coronavirus 2

Sodium dodecyl sulfate—polyacrylamide gel
SDS-PAGE electrophoresis
SHM Somatic hypermutation

Super optimal broth with catabolite

SOC repression

TCR T cell receptor

Tth T follicular helper cell

TGF-B Transforming growth factor beta
TMB Tetramethylbenzidine

uv Ultraviolet

\Y Variable gene segment

Woodchuck hepatitis virus posttranscriptional
WPRE regulatory element

WHO World Health Organization
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