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Abstract: The continuous evolution and drug-resistant mutations of influenza virus have placed
higher demands on the study of its pathogenic mechanism, as well as the development of antiviral
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drugs and vaccines. As a key tool for real-time monitoring of viral infection, replication and
transmission, viral visualization reporter systems have evolved into various strategies, including
high-resolution microscopic imaging, exogenous nanomaterial labeling, recombinant reporter
viruses, and virus infection-inducible reporter systems. This manuscript systematically reviewed
the research progress of influenza virus visualization technologies, elaborated the principles, core
breakthroughs, and application scenarios of each technique, analyzed the common limitations and
specific problems existing in the current technical system, and prospected its development direction
combined with cutting-edge research, providing a reference for technical selection and innovative
applications in influenza virus visualization research.

Keywords: influenza virus; viral tracking; high-resolution microscopy technology; nanomaterial
labeling; recombinant reporter virus; reporter gene
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Table 1 Overview of reporter gene characteristics
Types of Name Core characteristics Main application scenarios Emission References
reporter color
genes
Fluorescent Green Common reporter for gene Gene expression reporter; protein  Green [31]
protein fluorescent expression; tag for protein localization tag; organelle- fluorescence
protein (GFP)  localization specific marker (488-507 nm)
Enhanced Optimized GFP mutant; enhanced =~ Gene expression reporter; protein  Green [31]
green fluorescence brightness; high localization tag; organelle fluorescence
fluorescent expression efficiency; excellent marker; long-term live-cell (488-507 nm)
protein (EGFP) photostability; most widely used imaging; quantitative
green fluorescent protein variant fluorescence study
Red fluorescent Derived from corals; low tissue Multicolor fluorescence labeling; Red [32]
protein (RFP, scattering; high tissue penetration; in vivo deep tissue imaging; fluorescence
e.g., DsRed) low autofluorescence background; protein localization tag (558-583 nm)
suitable for multicolor labeling
and in vivo imaging
Monomeric red Optimized DsRed derivative; Protein fusion and localization Red [33]
fluorescent genuine monomer; rapid tag; long-term live-cell imaging;  fluorescence
protein maturation; excellent organelle and subcellular (587-610 nm)
(mCherry) photostability; widely used red structure labeling
fluorescent protein tag
Far-red/near- Derived from bacterial Small animal in vivo whole-body Far-red/near-  [34]
infrared phytochromes; minimal tissue imaging; multispectral infrared light
fluorescent light scattering and absorption; fluorescence labeling; in vivo (690-713 nm)
protein (e.g., deep penetration; ideal for in vivo  deep tissue imaging
iRFP) imaging
Luciferase  Firefly Most classic and widely used; Quantitative detection of gene Yellow-green [35]
luciferase substrate D-luciferin; ATP- expression in vitro; main reporter light (560 nm)
dependent reaction; stable and system for dual-reporter gene
long-lasting signal assays; detection of viral
replication activity
Renilla Substrate is coelenterazine; rapid  Internal reference system for Blue light [35]
luciferase flash signal; fast signal decay dual-reporter gene assays; (480 nm)
transfection efficiency
normalization; auxiliary
quantitative detection of gene
expression in vitro
Gaussia Naturally secreted; directly Real-time monitoring of gene Blue light [36]
luciferase detectable in cell supernatant; real- expression in living cells; (480 nm)
(GLuc) time live-cell monitoring; high non-destructive detection in
signal intensity vitro; high-throughput screening
of antiviral drugs
NanoLuc Engineered optimized probe; Ultra-high sensitivity in vitro Blue light [37-38]
luciferase minimal size; ultra-strong signal;  detection; long-term live-cell (460 nm)
(NLuc) excellent stability; enhanced monitoring; in vivo viral

signal-to-noise ratio; substrate:
furimazine

imaging; quantitative analysis of
trace samples
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Genomic loci of influenza A and B viruses with successfully inserted reporter genes
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Table 2 Comparison of visualization reporter system strategies for influenza virus

Strategies Application Advantages Limitations
High- Study of viral High spatiotemporal resolution, feasible for Complex sample preparation, expensive
resolution ultrastructure, long-term observation, and capable of equipment, professional operation, and
microscopy universal visualization simultaneously acquiring fluorescent dynamics technique-induced sample degradation
technology of pathogens and ultrastructure
Exogenous Single-particle tracing Long-term multicolor tracing, accurate Cytotoxicity, poor tissue penetration,
nanomaterial ~ of the entire viral life  localization, in situ non-invasiveness, excellent interference with viral infection, low
labeling cycle, tracing of photostability, study on early molecular labeling efficiency, non-specific
multiple viral mechanisms combined with super-resolution adsorption
structures technology
Recombinant  Drug screening, Dynamic analysis of viral infection, adapt to in  Impaired viral replication with inserted

virus reporter  serological

determination, study

vivo applications, high-throughput sequencing
(HTS) for antiviral drugs, neutralizing antibody of exogenous reporter genes limiting its

No need for viral modification, especially
suitable for clinical isolates, flexible

reporter gene, genome instability, loss

use in diverse clinical samples or
emerging viruses

Complex design with certain
background signal

replacement of reporter genes, HTS for RdRp

on virus-host detection
interactions
Virus RdRp activity
infection- detection, high-
inducible throughput screening,
reporter replication mechanism inhibitors, virus-host interaction research
system
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