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Abstract
Viral coinfections can affect viral pathogenicity, immune responses, and disease symptoms. 
Coinfection may occur among viruses that target the same cells, and it is more common in 
respiratory viruses due to their co-circulation within the population. Respiratory virus co-cir-
culation is a major driver of coinfection and refers to the simultaneous presence and trans-
mission of multiple respiratory viruses among humans. Coinfection with respiratory viruses, 
such as influenza and SARS-CoV-2, may cause more severe symptoms, complicate treat-
ment, and increase the burden on healthcare systems. Viral coinfection often modifies im-
mune responses to a secondary infection. Therefore, understanding the effects of respiratory 
viral coinfections may play an important role in reducing mortality and improving strategies 
for controlling viral infections. In this review, we integrate experimental and clinical findings 
to clarify how the sequence of infection and innate immune activation determines the out-
comes of respiratory viral coinfections.
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Introduction

Coinfection is common among respiratory viral infections and can result in severe 
symptoms in affected patients (19). The global prevalence of viral coinfection is still 
unknown; however, interest in this topic has increased in recent years. Studies have 
estimated a coinfection rate of 5.01% among patients with coronavirus disease 
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2019 (COVID-19), with higher prevalence reported in 
children (9.39%) (2). One cohort study reported a coin-
fection rate of 97.2% in pediatric cases (3). Although 
coinfection has a wide range of prevalence, most studies 
indicate that coinfection rates are higher in children. 

There are several types of viral coinfections, including 
homologous coinfection, which refers to the simulta-
neous infection of two different viruses from the same 
viral family; heterotypic coinfection, which results from 
the simultaneous infection of two viruses within the 
same viral species; and heterologous coinfection, which 
results from the simultaneous infection of two differ-
ent viruses from different families (4). Respiratory virus 
co-circulation is one of the important reasons for coin-
fection. Co-circulation refers to the concurrent circu-
lation and transmission of multiple respiratory viruses 
within the human population (4). Coinfection is usually 
observed during winter and cold months and is defined 
as infection with two or more viruses simultaneously or 
a secondary viral infection occurring shortly after a pre-
vious infection (4). Viral coinfection can influence viral 
pathogenicity, immune responses, and disease symp-
tom (5). 

In particular, coinfection with respiratory viruses such as 
influenza and COVID-19 can lead to more severe symp-
toms, complicate treatment, and place a greater bur-
den on healthcare staff (6). Coinfection is particularly 
important in respiratory viral infections because these 
viruses can easily cause epidemics or pandemics, as 
demonstrated by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) pandemic. Coinfections 
may lead to more extensive damage to the respiratory 
tract epithelium and lung alveoli. This damage leads 
to increased release of damage-associated molecular 
patterns (DAMPs), such as adenosine triphosphate (ATP) 
and mitochondrial DNA. These molecules themselves 
are powerful stimulators of inflammasome activation 
and interleukin-1 (IL-1) production (7). Inflammation is 
mediated by pro-inflammatory cytokines, including IL-1, 
IL-6, tumor necrosis factor (TNF), and IL-8. IL-1 is the 
most studied cytokine with properties relevant to sev-
eral inflammatory diseases, including viral infections (8). 
Viral coinfection usually alters immune responses and 
sometimes influences the course of the second infec-
tion. As summarized in Table 1, interferon-mediated 
viral interference and order-dependent immune modu-
lation are emerging as key mechanisms governing respi-
ratory viral coinfections (9). Some studies have shown 

that coinfection in COVID-19 patients is associated with 
increased disease severity and mortality, decreased lym-
phocyte counts, and reduced numbers of cluster of dif-
ferentiation 4-positive (CD4+) T cells, CD8+ T cells, and B 
cells (10). In this review, we synthesize current evidence 
regarding respiratory viral coinfections and examine 
their effects on viral replication and immune responses.

Influenza and SARS-CoV-2 Coinfection
Studies have shown that the influenza A virus is more 
frequently associated with SARS-CoV-2 coinfection than 
influenza virus type B (6). In hamsters and mice, influenza 
virus infection increases levels of IL-6, TNF-α, IL-1α, and 
interferon-β (IFN-β). Infection with SARS-CoV-2 leads to 
increased levels of IL-1α, IL-6, and IFN-β, although these 
levels are lower than those observed in a single infection 
with influenza A virus. Influenza infection after SARS-
CoV-2 causes increased levels of TNF-α, IL-1α, IL-6, and 
IFN-β (Figure 1) (12). 

Studies investigating influenza and SARS-CoV-2 coin-
fection in hACE2 transgenic mice have shown increased 
disease severity, viral persistence in the lungs, pneumo-
nia, and lung injury. One study evaluated innate immune 
responses in influenza and SARS-CoV-2 coinfection in 
human respiratory tissue explants and human airway 
and alveolar epithelial cells. Coinfections resulted in a 
significant upregulation of innate immune responses to 
SARS-CoV-2 compared with single infections and led to 
more severe host damage (18). 

Coinfection of influenza and SARS-CoV-2 has been 
shown to induce lymphopenia, which ultimately impairs 

Highlights

•	 Coinfection outcomes are driven by the se-
quence of infection and innate immune activa-
tion.

•	 Type I/III interferons establish antiviral states 
that can suppress secondary viral replication 
under certain conditions.

•	 IL-1-mediated inflammation amplifies lung in-
jury and may represent a therapeutic target.

•	 Respiratory viruses can compete, cooperate, or 
hybridize, shaping viral evolution and severity.

•	 Mechanistic mapping clarifies contradictory 
clinical observations across coinfections.
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adaptive immune responses and reduces levels of neu-
tralizing antibodies and T-cell responses (19). Influenza 
virus infection before SARS-CoV-2 has been reported to 
suppress SARS-CoV-2 replication (20).

Coinfection with these viruses stimulates activation of 
inflammatory immune responses, increases immuno-
pathology, and contributes to lung damage and acute 
respiratory distress syndrome (ARDS) (21). However, 
another study found that pre-infection with influenza 
enhanced SARS-CoV-2 replication, viral load, and lung 
damage (22).

Immune responses to the first infection (influenza virus 
in this case) can affect inflammatory responses to SARS-
CoV-2 and play an auxiliary role in viral infectivity. It is 
possible that immune responses to the first infection 
facilitate receptor access for the second virus. On the 
other hand, a viral infection has a confounding effect on 
another one. The results obtained in various studies are 
inconsistent; however, sequential influenza and SARS-
CoV-2 infections influence each other's progression.

Influenza and Respiratory Syncytial Virus 
Coinfection

In mice, respiratory syncytial virus (RSV) infection has 
been shown to lead to protection against subsequent 
influenza infection (12). Influenza infection prior to RSV 
caused airway dysfunction and weight loss, whereas 
RSV infection prior to influenza was associated with 
lower mortality and morbidity. Levels of TNF, IL-6, and 
interferon-γ (IFN-γ) were elevated in coinfection groups 
compared with RSV control groups. Tumor necrosis fac-
tor and IL-6 levels were decreased in coinfection groups 
compared with influenza control groups. This study 
also showed that the protective effect of RSV caused a 
decrease in influenza immunopathology, which may be 
due to increased levels of IFN-γ after RSV infection (23). 
Another study showed the protective effect of influenza 
against RSV infection lasting up to 1–5 months after 
recovery (24).

Additionally, a study confirmed that influenza suppresses 
RSV replication by achieving a higher growth rate com-
pared with RSV (16). In mice, RSV infection can protect 

Figure 1. Influenza and SARS-CoV-2 coinfection. 
TNF: Tumor necrosis factor, IL-1: Interleukin-1, IL-6: Interleukin-6, IFN: Interferon, ARDS: Acute respiratory distress syndrome,  
NAB: Neutralizing antibody. 
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against influenza infection and reduce inflammatory 
responses during influenza virus infection (12).

In this context, competitive conditions inhibit RSV repli-
cation. The possibility of using this feature to inhibit the 
replication of dangerous viruses by leveraging high-rep-
lication, low-risk viruses should be investigated. 

A study found that RSV and influenza coinfection can 
lead to the formation of hybrid viruses. These hybrid viral 
particles can express several proteins from both paren-
tal viruses (25). The ability to integrate and produce new 
viruses during coinfection may lead to the emergence 
of dangerous viruses with the potential for global pan-
demics. Given the potential to produce new infectious 
viral particles with high replication capacity and patho-
genicity, especially in respiratory viruses, this hypothesis 
should be carefully examined. 

Influenza Coinfection with Adenovirus and 
Rhinovirus 
Influenza and adenovirus coinfection has been shown to 
increase levels of inflammatory cytokines such as IL-6 
and IL-1α in the A549 lung cell line (26). 

Studies have shown that rhinovirus infection reduces 
influenza virus replication during subsequent infection. 
Interferon responses stimulated by rhinovirus infection 
in airway epithelial cells play a protective role against 
influenza infection (27). Another study revealed the pro-
tective effect of rhinovirus against subsequent influenza 
infection in human bronchial epithelial cells (HBECs) 
and human nasal epithelial cells (HNECs) (28).

Influenza A (H1N1) infection in airway cells was found 
to suppress rhinovirus replication, whereas rhinovirus did 
not change H1N1 replication in airway epithelial cells 
(29). 

Influenza and Parainfluenza Coinfection
A study showed that primary infection with parainfluenza 
viruses enhances influenza virus replication in respira-
tory epithelial cells (30). Human parainfluenza virus type 
2 has a booster effect on cell fusion in epithelial cells. 
Parainfluenza virus induced cell fusion and increased 
access to sialic acid for influenza hemagglutinin (HA) 
antigen, thereby increasing influenza virus infectivity 
(30). 

SARS-CoV-2 and RSV Coinfection

Respiratory syncytial virus and SARS-CoV-2 coinfection, 
particularly when RSV infection precedes SARS-CoV-2, 
has been associated with decreased disease severity and 
reduced SARS-CoV-2 replication in BALB/c mice models 
(13). SARS-CoV-2 coinfection has also been shown to 
enhance RSV replication. 

Conversely, when RSV infection occurs after SARS-CoV-2 
infection, reduced RSV replication and protection have 
been observed (13). Previous RSV infection appeared to 
have a protective effect against subsequent SARS-CoV-2 
infection in BALB/c mice (31). This effect may be due to 
persistent interferon responses after RSV infection.

SARS-CoV-2 and Adenovirus Coinfection
In vitro studies on SARS-CoV-2 and adenovirus have 
shown that these viruses do not affect each other’s rep-
lication in Vero E6 cells. However, hamsters coinfected 
with these viruses exhibited more severe lung damage 
and clinical symptoms. 

Inflammatory immune responses, including interferon, 
IL-6, CC motif chemokine ligand 17 (CCL17), and trans-
forming growth factor-β (TGF-β), remained elevated for 
a prolonged period after infection in coinfected animals 
compared with those with single infections. Notably, IL-6 
levels were markedly increased in coinfected animals, 
which may explain the severe symptoms and lung dam-
age in this condition (32). 

In another study, levels of IL-6, IL-1, and interferon-α (IFN-
α) were significantly elevated in A549 cells coinfected with 
SARS-CoV-2 and adenovirus compared with adenovirus 
mono-infection 3 days after infection (26).

SARS-CoV-2 and Rhinovirus Coinfection
A study indicated that SARS-CoV-2 replication decreases 
after rhinovirus infection. However, when SARS-CoV-2 
infection occurs first, rhinovirus replication does not 
change (28).

SARS-CoV-2, RSV, and Pneumoviridae Virus 
Coinfection 
Studies have shown that prior human metapneumovirus 
(hMPV) infection increases lung susceptibility to SARS-
CoV-2 infection (33). Respiratory syncytial virus infection 
has been shown to inhibit hMPV replication, with inter-
feron responses playing a central role. 

It is difficult to distinguish between RSV and hMPV 
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infection or coinfection because both viruses present 
similarly, including severe bronchiolitis. Studies have 
shown that hMPV viral load is higher in mono-infection 
than in coinfection with RSV, although this pattern is not 
observed in RSV mono-infection. Interferon responses 
against RSV may reduce hMPV replication (12,34). 

Immune Responses 
Immune responses triggered by an initial infection can 
shape the host’s response to a subsequent infectious 
challenge. In respiratory infections, especially those 
caused by respiratory viruses, interferons are among the 
earliest immune signals produced and place host cells 
into an antiviral state while inducing the expression of 
pro-inflammatory genes (35,36).

These changes in gene expression influence multiple 
aspects of the local environment, including mucus 
production, extracellular and intracellular conditions, 
and immune cell activity. As a result, understanding 
the impact of a primary infection on immunity to a sec-
ondary infection requires consideration of several inter-
connected factors, such as alterations in viral receptor 
expression, viral entry and replication, viral gene expres-
sion, competition for host cellular resources, enhance-
ment of inflammatory responses, and mechanisms that 

regulate or limit immune activation (Figure 2). 

Additionally, IL-1 production is important because it is 
considered a key mediator of immunity and inflammation 
(37,38). For example, during influenza virus infection, IL-1 
induces trypsin upregulation (39), and trypsin is necessary 
for viral fusion during influenza virus entry (40). These 
findings suggest that IL-1 may facilitate influenza infec-
tivity; accordingly, viral infections that elevate IL-1 levels 
could enhance influenza virus entry and fusion.

Interleukin-1 enhances the recruitment of neutrophils 
and macrophages to the lungs, and these cells increase 
tissue damage by releasing enzymes and free radicals, 
potentially leading to more severe ARDS (41). Interleu-
kin-1 also increases vascular permeability, leading to 
edema (fluid accumulation) in lung tissue, which further 
impairs gas exchange. (35)

Therefore, interleukin-1β (IL-1β) is an attractive poten-
tial therapeutic target for intervention in severe cases of 
these coinfections (42). Nevertheless, we have only briefly 
mentioned the impact of immune responses, such as IL-1, 
in this context. The effects of these cytokines in coinfec-
tions with different viruses should be further studied, and 
such studies may help identify new therapeutic targets.

Figure 2. Mechanisms of respiratory viral coinfection.
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Immune responses during respiratory viral infections 
represent a double-edged sword. While they help clear 
the virus, they sometimes go too far and end up dam-
aging tissue instead. For instance, overproduction of 
inflammatory cytokines like IFN-γ has been linked to 
chronic obstructive pulmonary disease (COPD), ARDS, 
and even fatal pneumonia (43).

In one study, ferrets were first infected with RSV and then 
with influenza A virus (IAV) 3 days later. The findings 
demonstrated that IAV slowed down RSV replication, 
whereas RSV seemed to delay the clearance of IAV-in-
fected cells (17).

When multiple viruses infect the same host, their inter-
actions can vary—they may enhance one another, inter-
fere with each other, or have no noticeable effect at all. 
These interactions vary depending on which viruses are 
involved, highlighting the importance of understanding 
what is happening at the molecular level (12). A deeper 
characterization of virus-virus and virus-host interactions 
is therefore essential not only for predicting disease out-
comes but also for developing better treatments that 
reduce tissue damage while still clearing the infection.

Conclusion
Respiratory viral coinfection represents a significant 
challenge in respiratory infectious diseases. Such coin-
fections can affect immune responses and result in the 
emergence of new viruses. The immune response and 
disease severity may vary when the immune system 
faces several viral infections simultaneously. 

This condition may facilitate the generation of new viral 
strains that are sometimes more infectious. Coinfection 
can also affect viral replication. However, differences in 
experimental models, infection sequence, viral dose, and 
host species likely explain the contradictory outcomes 
observed across studies. 

For some viruses, prior infection or coinfection can act 
like a vaccine, reducing viral replication. Many hypoth-
eses have been proposed regarding coinfection, includ-
ing its role in the emergence of new viruses, changes in 
viral infectivity, and disease symptoms. The hypothesis 
of using one virus as a vaccine against another, through 
modulation of immune responses, also warrants further 
investigation. 

Considering these aspects, coinfection is particularly 
relevant during viral pandemics and in immunocompro-
mised patients. Therefore, investigating the impact of 
viral coinfections can be considered a goal to prevent 
further mortality and to help restrain viral infections. 

Future Directions
•	 Future research should focus on the molecular 

pathways of virus-virus and virus-host interactions 
and understanding these mechanisms at the sin-
gle-cell level in human tissues.

•	 Large-scale, longitudinal cohort studies are needed 
to translate experimental findings into clinically rel-
evant insights for human populations. 

•	 Investigations should explore whether attenuated 
viral vectors or engineered stimuli of specific innate 
immune pathways (e.g., controlled induction of IFN-
λ) can be developed as prophylactic or early inter-
vention strategies to mitigate subsequent severe 
infections.

•	 Surveillance programs and experimental studies 
should assess the risk of coinfection as a catalyst for 
the emergence of viruses with altered transmissibil-
ity, pathogenicity, or antigenic profiles.
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