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SUMMARY Depression, a common neuropsychiatric disorder, affects millions worldwide
and causes immense economic and health burdens. With the COVID-19 pandemic in our
recent history, more attention needs to be turned to reducing fallout from the pandemic such
as depression. Various viruses, most notably SARS-CoV-2, HIV, and HHV-6B, have been
associated with depression. This suggests a complex interplay between viral infections and
mental health. Social and psychological factors, exacerbated by events like the COVID-19
pandemic, further contribute to depressive symptoms. Proposed pathophysiological
mechanisms include neuroinflammation, monoamine dysregulation, hypothalamic-pituitary-
adrenal axis activation and more, underscoring the multifaceted nature of depression's
etiology. Specifically, inflammation, mediated by cytokine storms following viral infections,
contributes to neuroinflammation and subsequent depressive symptoms. While treatments
targeting viral infections and depression exist independently, integrated approaches remain
limited. Promising avenues include antiviral medications with antidepressant properties or
vice versa, and lifestyle interventions addressing stress and inflammation. Understanding the
intricate relationship between viral infections and depression holds potential for mitigating
the global burden of depression through targeted interventions.

INTRODUCTION

D epression is one of the most common neuropsychiatric disorders characterized by long-
term recurrent depressed mood, despair, pessimism, anxiety and even suicidal
tendencies (1). The World Health Organization estimates that, worldwide, 5% of adults suffer
from depression (2). Approximately 12 billion work days are lost in the US every year to
depression and anxiety, causing an economic burden of $1 trillion USD (2). Depression is
associated with an increased risk of cardiovascular and respiratory disease, cancer, and
diabetes (2). Factors contributing to depression include interpersonal issues, developmental
events, personality or cognitive dispositions, biological and environmental factors and more
(3). As with any worldwide issue, a clearer understanding of the mechanisms precipitating
depression would allow for the identification of modifiable factors at the individual,
population, and global levels.
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mechanisms from the literature will be summarized. Specifically, an in-depth synthesis on
inflammation as the link between viruses and depression will be described. Finally, the most
promising treatment and management strategies that could simultaneously target viral
infections and depression will be highlighted. Identifying pathophysiological mediators
between viral infections and depression means potential for targeting these mediators to
reduce the global burden of depression.

PROPOSED RESEARCH QUESTIONS

What are the various viral infections associated with depression? Depression is linked to
various viruses. These include common viruses such as influenza A, chronic viruses like
HIV/AIDS, sexually transmitted infections like human herpes simplex virus (HSV),
Chlamydia trachomatis and Trichomonas vaginalis (7, 8). In particular, the odds of
depression were increased in patients infected with HSV-2 or cytomegalovirus (9). Multiple
studies on patients infected with asymptomatic and symptomatic human T-cell lymphotropic
virus-1 (HTLV-1) reported that patients experienced more depression than controls (10, 11).
Depression has also consistently been reported in patients with hepatitis C virus (HCV), at a
much higher prevalence than in the general population (12). Patients with chronic HIV
develop neurological disturbances that may negatively impact their quality of life and
adherence to antiretroviral therapy protocols (13). The latent phase of human herpesvirus 6B
(HHV-6B) is involved in depression onset (14). Lastly, a meta-analysis taking 28 studies into
account corroborated the association of HSV-1 and Chlamydia trachomatis with depression,
as well as Borna disease virus (BDV), varicella zoster virus (VZV), and Epstein-Barr virus
(EBV) (15).

What are other social and psychological factors that could explain the association
between viral infection and depression? Psychological symptoms, including depression,
likely have complex and multifactorial causes including environmental, psychological and
biological causes (16). Certain social and psychological factors, especially made relevant
after a pandemic, include social quarantine, economic problems, stress and malnutrition (17).
On a macroscopic scale, the COVID-19 pandemic modified economic, social and political
structures as well as impacted daily routines (18). This contributes to poorer diets, increased
sedentary behaviour and increased stress (18). Specifically, the impact of social quarantine
manifests itself in increased social media usage and loneliness, which are consistently
associated with psychological symptoms (19). Additionally, sleep disturbances and anxiety
symptoms are common experiences in relation to pandemics or severe viral infections (20).
These and other psychosocial factors likely interact with viral mechanisms to create a
depressive mood (13). Concomitantly, this is a reciprocal relationship in which depressive
symptoms and related stress reduce the protective immune response. Depressive symptoms
were found to be related to C-reactive protein, a biomarker indicative of coronary burden and
pathogen burden for viruses such as cytomegalovirus, HSV, and EPV in patients with acute
coronary syndromes (21).

What are the proposed pathophysiological mechanisms that could mediate the
relationship between viral infections and depression? There are many hypotheses as to the
pathophysiological mechanisms between viral infections and depression. Viruses are known
to cause chronic increases in proinflammatory cytokine levels by activating microglia and
astrocytes (13, 17). Cytokines are involved in neuropathological processes, such as in
hepatitis patients in which the use of cytokine treatment caused psychiatric side effects (22).
A second mechanism is the monoamine theory, in which patients have insufficient or
polymorphic variants of the genes for monoamine neuromediators which may lead to
depression (22). Certain viruses such as HIV may decrease this monoaminergic function or
induce neurotoxicity in dopaminergic neurons (13). Additionally, viruses may reduce brain-
derived neurotrophic factors or cause other neuroplasticity/neurogenesis defects (13, 18).
Such disturbances of normal neurogenesis have been extensively associated with depression
(22). Furthermore, activation of the hypothalamic-pituitary-adrenal (HPA) axis is associated
with viral infections and can also be due to inflammatory cytokines (17, 23). For example,
expression of SITH-1, a protein specific to HHV-6B latent infection, was associated with

September 2024 Volume 8: 1-5 Undergraduate Perspectives Article * Not refereed

UJEMI

https://jemi.microbiology.ubc.ca/



Leong UJEMI
hyperactivation of the HPA axis and depressive symptoms in mice (14). This same protein

was found significantly higher in antibody titers of depressed patients compared to controls

(14). Other proposed mechanisms include mitochondrial disorders, damage to the

hippocampus, induced autoimmunity, antibody formation against virus antigens, and virus-

induced damage to non-brain tissues (5, 17).

Specifically, how does inflammation and the purinergic system contribute to depression
following a viral infection? While there is substantial evidence for the relationships between
inflammation, depression and certain viruses (e.g., HIV), few clinical studies have been
performed that elucidate their exact interactions (24). A proposed pathway explaining these
relationships begins with viral neuroinvasion (particularly respiratory viruses such as SARS-
CoV-2) which trigger a cytokine storm (Figure 1) (23). Activated cytokines include
interferons, which then activate interferon-induced genes like the indoleamine-pyrrole 2,3-
dioxygenase-1 (IDO-1) enzyme (23, 25, 26). IDO-1 is an intracellular monomeric enzyme
that causes a reduction in tryptophan by instead breaking down one of its metabolites,
kynurenine (26). The kynurenine pathway in turn releases toxic metabolites which then
increase glial activation (25). Glial cells affect the transmission of proteins, neurotransmitters
and cytokines which lead to neuroinflammation, toxicity, neuronal death and decreases in
serotonin levels (1, 23). This eventually leads to depression (Figure 1). Impacts on glial cells
have specifically been found for SARS-CoV-2, BDV-1, Zika virus B, HIV, and HHV-6B (1,
27). In particular, upon SARS-CoV-2 neuroinvasion, an additional mechanism includes the
increase of local angiotensin II as mediated by the down-regulation of angiotensin converting
enzyme-2 (25). Angiotensin II then increases kynurenine metabolites and continues down the

inergic pathway (8, 17, 23, 25, 26). . .
purinergic pathway ( ) FIG. 1 The inflammation and

purinergic pathway linking
Neuroinvasion viruses and depression.
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What is the current state of evidence on the treatment or management of viral infections
and associated depression? While there is a large body of evidence for treating or managing
viral infections and depression separately, there is less on simultaneous management of these
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associated afflictions. One randomized controlled trial tested amantadine, often used to treat
dyskinesia and influenza, as an antidepressant and antiviral medication for patients with
BDV-1 (28). Researchers found that amantadine was effective as an antidepressant and
antiviral, showing reduced suicidal behaviours and decreases in cumulative infection
measures over time (28). Lifestyle management strategies for viral infections and their
associated depression would include controlling stress levels, preventing the cytokine storm
with anti-inflammatory drugs, and proper nutrition (17). Chlorpromazine is normally used in
psychiatric care but has been suggested to have antiviral properties, however these findings
have not been translated into clinical trials for antiviral treatment (29).

CONCLUSION

There is likely a pathophysiological mechanism linking prior infections with viruses and
the subsequent development of depression. The purinergic system is the most well-studied
pathway explaining this link. More research on the pathophysiological mechanisms of
depression as caused by viruses could eventually translate into the reduction of the global
depression burden.
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