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INTRODUCTION

Traditional models of viral pathogenesis considered infection
primarily as a single virus—host interaction. Advances in
molecular virology, viral ecology, and high-throughput
sequencing have revealed that hosts are frequently exposed
to multiple viruses simultaneously or sequentially (Rosario
and Breitbart, 2011). Such co-exposures lead to biologically
significant virus—virus interactions (VVIs), defined as
measurable alterations in replication kinetics, tissue tropism,
pathogenic potential, or host immune responses of one virus
due to another virus (Dapalma et al., 2010). Recognition of
VVIs expands the conceptual framework from single-agent
infection to multi-virus systems, emphasizing their role in
shaping viral evolution, disease progression, transmission
dynamics, and immune-mediated outcomes. In aquatic
ecosystems, finfish and shellfish are continuously exposed to
diverse viral communities. Consequently, viral coinfections
are epidemiologically significant, often altering disease
outcomes in aquaculture systems.

2. Classification of Virus-Virus Interactions
VVIs are classified into three major categories:

1. Direct interactions involving viral genes or their
products.

2. Indirect interactions mediated through virus-
induced modifications of the host cellular
environment.

3. Immune-mediated interactions driven by host
responses.

Table 1. Classification of Virus—Virus Interactions
Indirect interactions (host Immune-mediated
environment) interactions
Helper-dependent Indirect transactivation of Altered immune cell
viruses heterologous viral genes activation
Altered host susceptibility due
to breakdown of physical
barriers
Superinfection Altered host susceptibility due
exclusion to altered receptor expression
Heterologous activation of
antiviral pro-drugs
Modification of the interferon-
induced antiviral state

Direct interactions

Virus-induced
autoimmunity

Pseudotyped viruses
(phenotypic mixing)

Antibody-dependent
enhancement (ADE)

Genomic recombination

Embedded viruses

Heterologous
transactivation
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3. Direct Virus-Virus Interactions

Direct VVIs occur when nucleic acids or proteins
of one virus physically interact with those of a
co-infecting virus, requiring coinfection of the
same host cell. Latent infections can enable
VVIs even years after the initial infection.

3.1 Helper-Dependent Viruses
Helper-dependent  viruses are replication-
defective and require another virus for
productive infection. Non-enveloped viruses
dominate naturally occurring helper-dependent
viruses. Replication is autonomous, but
packaging and/or release require a helper virus
(Dapalma et al, 2010). Interactions are
bidirectional in some cases.

3.2 Pseudotyped Viruses

Also known as phenotypic mixing, pseudotyping
occurs when progeny virions contain nucleic
acids from one virus and structural proteins from
another. Observed across bacteriophages, plant
viruses, and animal viruses, pseudotyped
virions often have an expanded host range
(Zavada, 1976).

3.3 Superinfection Exclusion

Occurs when a primary infection induces
resistance to subsequent infection by similar
viruses. Mechanisms include direct interference
by products of the primary virus (Federico et
al.,, 1996). Documented in bacteriophages,
retroviruses, hepadnaviruses, arboviruses, and
plant viruses (Brindley et al., 2008).

3.4 Genomic Recombination

Coinfection with multiple strains of the same
virus can produce genetically recombinant
progeny, often with serious health implications
(Dapalma et al., 2010).

3.5 Embedded Viruses

Retroviruses integrated into the genomes of large
DNA viruses represent embedded viruses
(Dapalma et al., 2010).

3.6 Heterologous Transactivation

Gene products of one virus can transactivate the
genes of another. Many viruses encode strong
promoters and transactivating proteins to hijack
the host transcription machinery, enhancing
viral gene expression (Dapalma et al., 2010).

4. Indirect (Environmental) Interactions
Indirect VVIs result from virus-induced changes
in the host cellular environment that affect
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coinfecting viruses. These can accelerate disease
due to compounded cytopathic effects
(Dapalma et al., 2010).

4.1 Indirect Transactivation of Heterologous
Viral Genes

Viral infections often upregulate cellular
transcription  factors, which may enhance
expression of co-infecting viruses’ genes. This is
likely the most common type of VVI.

4.2 Altered Host Susceptibility via Physical
Barrier Breakdown

Tissue damage from viral replication can
compromise barriers, facilitating secondary
infections.

4.3 Altered Receptor Expression

Virus-induced modulation of host receptor
density can enhance susceptibility to other
viruses (Agnello et al., 1999).

4.4 Heterologous Activation of Pro-Drugs
Certain antiviral drugs require viral Kinase
activation. One virus can activate drugs that act
against a second virus (Lisco et al., 2008).

4.5 Modification of the Interferon-Induced
Antiviral State

Type | interferons induce a cellular antiviral
state, increasing enzyme expression that limits
replication of co-infecting viruses (Galligan et
al., 2006).

5. Immunological Interactions

Immunological VVIs occur in hosts with
adaptive immunity and can persist long after
the initial infection.

5.1 Altered Immune Cell Activation

Viruses may sensitize hosts for subsequent
infections by modifying activation states of
immune cells.

5.2 Virus-Induced Autoimmunity

Sequential infections can trigger autoimmunity,
especially when viruses express self-like epitopes
(Welsh and Fujinami, 2007).

5.3 Antibody-Dependent Enhancement (ADE)
Exposure to immune sera can paradoxically
increase viral replication, possibly by
facilitating entry into host cells (Flint et al.,
2004). Mechanisms are not fully understood but
involve increased binding efficiency and
infection of more cells.
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6. Significance in Aquaculture
In finfish and shellfish aquaculture, VVIs
complicate disease diagnosis, outbreak
prediction, and vaccine efficacy. Understanding
VVIs is essential for biosecurity, vaccine
design, and disease management strategies.

CONCLUSION

VVIs are a fundamental aspect of viral ecology
and pathogenesis. While aquatic examples are
underexplored compared to mammalian systems,
available evidence indicates that VVIs
significantly influence disease dynamics in
finfish and shellfish. Experimentally validated
aquatic VVIs should be a focus of future research
to improve aquaculture health management
and disease control.
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