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Abstract

Recent studies highlight the strong correlation between infectious diseases and
the development of neuropsychiatric disorders. In this editorial, we comment on
the article “Anti-infective therapy durations predict psychological stress and
laparoscopic surgery quality in pelvic abscess patients” by Zhang et al, published
in the recent issue of the World Journal of Psychiatry 2023; 13 (11): 903-911. Our
discussion highlighted the potential consequences of anxiety, depression, and
psychosis, which are all linked to bacterial, fungal, and viral infections, which are
relevant to the impact of inflammation on the sequelae in mental health as those
we are observing after the coronavirus disease 2019 pandemic. We focus
specifically on the immune mechanisms triggered by inflammation, the primary
contributor to psychiatric complications. Importantly, pathophysiological
mechanisms such as organ damage, post-injury inflammation, and infection-
induced endocrine alterations, including hypocortisolism or autoantibody
formation, significantly contribute to the development of chronic low-grade
inflammation, promoting the emergence or development of psychiatric alterations
in susceptible individuals. As inflammation can have long-term effects on
patients, a multidisciplinary treatment plan can avoid complications and
debilitating health issues, and it is crucial to recognize and address the mental
health implications.

Key Words: Inflammation; infection; Depression; Pelvic inflammatory disease; Psychiatric
complication
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Core Tip: In recent years there has been increasing evidence that infectious diseases increase the risk of developing
psychiatric disorders due to acute or chronic inflammation. This manuscript offers a detailed summary and discussion that
will provide valuable insights on the mechanisms behind psychiatric complications observed in infectious conditions as a
commentary to the article “Anti-infective therapy durations predict psychological stress and laparoscopic surgery quality in
pelvic abscess patients”.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has made it clearer that infectious diseases can cause psychiatric
complications. These complications may occur during an infection or, in either case, afterward as a result of the inflam-
matory response[1]. Although psychiatric symptoms have been commonly associated with systemic (e.g., sepsis) and
central nervous system infections (e.g., viral encephalitis or toxoplasmosis)[2], they may occur even without a brain
infection[3]. The advances in understanding sepsis’s molecular pathophysiology play a crucial role in implementing
therapeutic actions, leading to increased patient survival. Nonetheless, the mortality rate is still considerably high, and
there are many challenges because of the global burden of sepsis[4,5]. Even though pathophysiology mainly refers to
alterations caused by the microorganisms, the host’s inflammatory response may contribute to prolonged immune
dysfunction, leading to immunosuppression, persistent inflammation, and catabolism[6]. The early phase of sepsis
involves organ failure and lasts one to two weeks; this constitutes the pro-inflammatory phase, which is followed by the
compensatory (anti-inflammatory) phase. If the anti-inflammatory phase fails to reach homeostasis, a low-grade or cronic
persistent inflammatory state can develop. A more severe problem is that patients who survive the first phase experience
increasing symptoms at 2 to 3 months. One possible reason for this condition is the advanced intensive care unit care that
continues to keep elderly and comorbid patients despite ongoing immunological and metabolic issues[7,8]. Non-
encephalic systemic infections can affect the central nervous system, resulting in neurological symptoms such as altered
consciousness, disorientation, cognitive deficits, seizures, and coma. Sepsis-associated encephalopathy is a condition that
affects the brain, and it can occur in up to 70% of patients with sepsis[9]. Furthermore, it can be acute or chronic[10]. The
etiology of sepsis-associated encephalopathy can be caused by almost any systemic infection, including those in the
respiratory, urinary, gastrointestinal, biliary (such as cholangitis), and genital tract.

IMMUNE RESPONSE IN PELVIC INFLAMMATORY DISEASE

Pelvic inflammatory disease (PID) is less frequent but also critical. PID is an infection that occurs in the upper female
genital tract and primarily affects sexually active young women. Although the actual incidence and prevalence of PID are
unknown, data from 2013 suggest that 4.4% of sexually active women report a history of PID. Typically, PID is caused by
a sexually transmitted infection by Chlamydia trachomatis and Neisseria gonorrhoeae, but it can also be caused by
Mycoplasma genitalium and Actinomyces species. Microorganisms present in the gastrointestinal or respiratory tract may
also play a role in the development of PID (E. coli, B. fragilis, Pepto-streptococcus spp, Haemophilus influenzae). Clinical
manifestations may range from mild to severe and require in-hospital management using parenteral antibiotics.
Antibiotic treatment can prove efficacious in 34% to 88%. Interventional approaches may provide the definitive treatment
for those who do not improve with medical therapy. Interventional radiology (percutaneous drain with drains placed) or
laparoscopy are options to treat PID complications like tubo-ovarian abscess (TOA). In this case, it is important to begin
the treatment early for optimal results (48 h to 72 h). TOA occurs when pus accumulates in the fallopian tubes and
ovaries, leading to inflammation and severe pain. Unfortunately, around 25% to 30% of women with TOA will require
surgical drainage to relieve the symptoms. Untreated PID in women with TOA can lead to long-term consequences such
as chronic pain (29%), infertility (18%), or ectopic pregnancy (0.6%)[11].

PID presents itself in two scenarios. In the first one, the acute form of the condition can be managed conservatively, but
if it does not respond to treatment, it may result in an abscess. If left untreated, this abscess can lead to serious complic-
ations such as sepsis, septic shock, and death. The molecular pathophysiology of this condition begins with the host
recognizing of the offending agent. Recognition of pathogen-associated molecular patterns (PAMPs) by pattern
recognition receptors (PRRs) present in immune cells like neutrophils, monocytes, and dendritic cells can activate
signaling cascades that induce the transcription of inflammatory mediators in response to microorganisms. Subsequently,
mediators act locally, either in a paracrine or autocrine way[12].
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The second scenario of the PID is the chronic form. It has been observed that some women may have mild symptoms
or lower suspicion levels, which can lead to the possibility of missing out on identifying an inflammatory-infectious
problem from a gynecological perspective. In these cases, chronic infection may result in the previously mentioned
sequelae. Infertility due to recurrent or chronic infections seems to be associated with cell death by pyroptosis[13]. This
type of cellular death is linked to inflammasome activation, which leads to caspase-1 activation following the recognition
of PAMPs and damage associated molecular patterns by different PRRs (intracellular and extracellular, depending on the
microorganism). Caspase-1 activation, in turn, triggers a protein called gasdermin D, inducing the formation of pores in
the host cell’s membrane, and releasing intracellular content that can act as alarmins (e.g., high mobility group box 1
proteins or HMGB1). Caspase-1 also facilitates the cleavage of Pro-IL-1 and Pro-IL-18, releasing them into the
extracellular space as IL-1B and IL-18[14]. In the case of PID, there is a process of endometritis that may be associated with
pyroptosis[15].

According to several reports, HMGB1-mediated macrophage pyroptosis is involved in the molecular pathophysiology
of chronic endometritis[16]. HMGB1 is an intranuclear protein that can be released due to cellular damage associated
with multiple causes, sterile inflammation, or infectious processes[17,18]. In the extracellular environment, HMGB1 acts
as an alarmin, binds to its receptor RAGE, and subsequently induces pyroptosis, amplifying the inflammatory response
following the release of IL-1 and IL-18[19].

Related to central nervous system disorders induced by infectious processes mentioned earlier, HMGBI, through
binding with MD-2, is known to promote NLRP3-induced neuroinflammation, resulting in cognitive impairment in cases
of sepsis-associated encephalopathy in murine models[20]. In the manuscript of Zhang et al[21] “ Anti-infective therapy
durations predict psychological stress and laparoscopic surgery quality in pelvic abscess patients”, serum levels of
inflammatory mediators like HMGBI or pro- and anti-inflammatory cytokines have not been determined. Knowing the
concentrations of these proteins could provide insights into cognitive impairments in the group of patients with PID who
exhibited neurological symptoms. Psychiatric symptoms may occur without neurological symptoms, as in some cases of
viral encephalitis[3]. Psychosis or mood symptoms may feature as a component of the clinical presentation secondary to
brucellosis or toxoplasmosis[22]. Late-onset neuropsychiatric complications, such as subacute sclerosing panencephalitis
caused by measles, have been reported years after acute infection[23]. Some studies suggest that viral infections like
influenza virus or HSV-1 may increase the risk of developing schizophrenia and psychosis, indicating a possible link
between psychiatric disorders and infectious diseases[24]. Furthermore, psychiatric symptoms can also be reactivated
because of chronic, complicated, and severe infections, such as HIV, that can cause an individual to experience
depression, anxiety, or adjustment disorders[25].

HOW INFECTIONS CAUSE INFLAMMATION AND PSYCHIATRIC COMPLICATIONS

Stress plays a crucial role in the development of major depressive disorder (MDD), particularly stress in early life and
chronic stress in susceptible individuals[26]. Stress response is modulated by the hypothalamus-pituitary-adrenal (HPA)
axis, which connects the nervous and endocrine systems and is formed by the hypothalamus and pituitary and adrenal
glands[27]. A stressor, such as an infection, activates the HPA axis and promotes the release of corticotropin hormone
release by the hypothalamus, which stimulates the pituitary gland to release corticotropin (ACTH), which enables the
adrenal glands to release cortisol and catecholamines to trigger the flight or fight response[28]. Chronic stress affects
hippocampus functions, and it has been reported that cortisol is an important mediator. Consequently, if the stress lasts
longer, chronic stress can generate changes in the hippocampus, ranging from modification of plasticity to neurotoxicity
and neuronal death[29,30]. As a result, chronic stress can induce glucocorticoid resistance[31], which is characterized by
alterations in glucocorticoid receptor (GR) function, changes in GR expression, alterations in glucocorticoid bioavailability
through modification of serum protein binding, deficiencies in HPA axis feedback and immune system inhibition[32,33].
In chronic stress conditions, MDD patients have higher levels of circulating glucocorticoids compared to healthy
individuals. They may coexist with elevated concentrations of proinflammatory cytokines such as IL-1B, tumour necrosis
factor alpha (TNF-0), and IL-6[34-36]. The simultaneous presence of elevated levels of glucocorticoids and cytokines
creates a complex interaction between the immune system and the HPA axis, a paradoxical phenomenon characterized by
chronic inflammation[37,38].

METABOLIC CHANGES INDUCED BY INFLAMMATION AND ITS IMPACT ON PSYCHIATRIC
COMPLICATIONS

In systemic or chronic inflammatory diseases (e.g., chronic infections), it has been reported that circulating proinflam-
matory cytokines stimulate the brain and cause anxiety, anhedonia, fatigue, and sleep disturbances. In addition, sickness
behavior characterized by the presence of a febrile response, anorexia, lack of motivation, social deprivation, and reduced
movement is also present[39-41]. One of the first associations of cytokines with neuropsychiatric complications was
observed in hepatitis C treatment with interferon-alpha (IFN-a); the presence of depressive symptoms and even suicidal
ideation was observed in patients receiving IFN-a treatment[42,43].

Proinflammatory cytokines produced in the brain can stimulate the brain through different pathways: (1) Stimulating
receptors in the blood-brain barrier (BBB) and producing metabolites in the brain; (2) accessing the brain through the
circumventricular organs; (3) being carried through transporters in the BBB; and (4) through stimulation of afferent fibers
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of the vagus nerve[44,45].

As previously described, peripheral proinflammatory cytokines stimulate the brain and generate a neuroinflammatory
response caused by the activation of neurons, microglia, and astrocytes[46]. Proinflammatory cytokines induce changes in
the metabolism of tryptophan, a precursor of serotonin in both the periphery and the brain, thereby increasing inflam-
mation and decreasing serotonin production[47]. One of the mechanisms involved in this metabolic pathway change is
the activation of indolamine 2,3-dioxygenase in macrophages and microglia cells, whereby tryptophan is metabolized in
the kynurenine pathway; it causes a decrease in serotonin levels and an increase in kynurenine in the body and brain[40,
48]. Moreover, peripheral kynurenine crosses the BBB and is metabolized in activated astrocytes and microglia by
kynurenine aminotransferase II (KAT II)[49]. The kynurenine metabolism generates quinolinic acid and induces a
decrease in dopamine and glutamate production and blockade of a7nAChR cholinergic receptors; these changes are
associated with cognitive dysfunction[49,50]. Similarly, activated microglia metabolize kynurenine through the enzymes
kynurenine 3-monooxygenase and 3-hydroxyanthranilicoxygenase, which generate metabolites such as kynurenic acid,
which stimulates NMDA receptors and causes lipid peroxidation, oxidative stress, excitotoxicity, and neurodegeneration
[49,50]. In addition, chronic stress decreases the function of the serotonergic system, characterized by increased SERT and
p11 expression in peripheral blood mononuclear cells[51].

On the other hand, inflammation causes oxidative stress, which reduces the production of tetrahydrobiopterin (BH), a
necessary cofactor for synthesizing serotonin, dopamine, and norepinephrine. As a result, inflammation leads to a
deficiency in the production of monoamines[49,52]. All metabolic changes together are related to the development of
disease behavior in patients with systemic inflammatory responses caused by injury or infection, and these symptoms
remit as soon as the inflammation is resolved[39].

As mentioned above, inflammation decreases dopamine and serotonin synthesis in the brain and periphery. Inflam-
mation associated with infection has different sources, including antigen persistence, hypocortisolism or HPA axis
dysfunction, chronic organ dysfunction or worsening of pre-existent dysfunction, persistent tissue or end-organ damage,
and persistent cytokine release, among others[1,53,54].

The immune system usually resolves pathogens that cause acute infections. Still, ample evidence indicates that some
pathogens can cause persistent and sometimes lifelong infections[55]. Some bacteria that cause chronic infections are
phylogenetically diverse[55]. However, they share common characteristics that allow a prolonged period of colonization
and share strategies to evade elimination by the immune system, thus causing chronic intracellular infections[56]. An
example is brucellosis and typhoid fever, which are characterized by a long incubation period leading to a regular,
sometimes lifelong illness, which is debilitating and can cause severe clinical manifestations[57]. Recently, our group has
characterized the neurochemical, hormonal, and inflammatory alterations present in a murine model of brucellosis and
behavioral alterations. We have reported that brucellosis infection induces decreased motivation and physical
performance, as well as increased hopelessness and anxiety. These findings are complemented by a decrease in dopamine
and serotonin in the hippocampus and frontal cortex and elevated levels of IL-6, IFN-y, and TNF-a in serum[58].
Subsequently, we observed that administration of imipramine in mice infected with Brucella abortus 2308 causes an
improvement in hopelessness, anxiety, physical performance, and motivation even though the infection has not been
entirely eliminated[59].

Chronic infections have a significant impact on public health due to the use of resources for the long-term treatment of
patients. In addition, chronic infections can lead to disability as they can cause the development of psychiatric illnesses
like depression or anxiety. These illnesses can significantly impact the patient’s ability to generate economic resources to

support their families, ultimately resulting in a substantial socioeconomic burden on countries affected by such infections
[57].

OTHER IMMUNOLOGICAL MECHANISMS INDUCING PSYCHIATRIC COMPLICATIONS

Solid evidence shows that some infections can induce hypocortisolism due to adrenal insufficiency[60]. Bacterial
infections such as Mycobacterium tuberculosis, Pseudomonas aeruginosa, Group A Streptococcus, or Haemophilus influenzae can
cause hypocortisolism[60]. Similarly, viral agents such as HIV and cytomegalovirus, and fungal infections by Pneumo-
cystis carinii, Coccidioides immitis, Cryptococcus neoformans, and Histoplasma capsulatum can induce adrenal insufficiency
which results in hypocortisolism[60]. Low circulating cortisol levels observed in hypocortisolism have been associated
with a chronic inflammatory state; this is explained by the inhibition of the proinflammatory cytokines production in
leukocytes such as macrophages and lymphocytes induced by cortisol[61,62]. In this way, the generation of
autoantibodies against ACTH has been observed during coronavirus infections, and it has been proposed that this
mechanism is the cause of the post-infection hypocortisolism observed in patients[63,64]. Furthermore, in the case of
COVID-19, hypocortisolism has been proposed as one of the mechanisms associated with the development of chronic
inflammation and long-COVID[53].

Another mechanism of damage associated with infections that induce chronic inflammation is target organ damage or
worsening of pre-existing damage[65]. Infections that induce chronic inflammation also have been found to cause a
mechanism of damage known as target organ damage or the exacerbation of pre-existing damage; for example, in post-
COVID-19 patients, it has been observed that damage to the pancreas can occur and induce hyperglycemia due to a
deficit in insulin production; such increased hyperglycemia may lead to chronic low-grade inflammation[1,53]. Another
example can be observed in patients who have recovered from sepsis. These patients may experience chronic
immunosuppression and inflammation due to changes in T lymphocytes and hematopoiesis. They may also suffer from
complications arising from damage to their kidneys, heart, or endothelium[66,67].

Boienidenge  VVIP | https://www.wjgnet.com 345 March 19,2024 | Volume14 | Issue3 |



Ferat-Osorio E ef al. Inflammation and psychiatric diseases

Infection Full recovery

"'\\
' "\\

W Eradication of infection, ',"
use of antibiotics, anti- .
inflammatory therapy? .-*

Genetic conditions of
_host and microorganisms

.
.=

i Psychiatric = <
S complications «

Generation of
autoantibodies
against neuronal
antigens

: % 3
Lntigen | £ 3 gﬁs

Sistemic or

Hormonal
disturbances

tissue-specific Reactivation of viral Post-injury
inﬂamngaﬁon infections, e.g. inflammation and
herpes virus organ damage

Possible immune-mediated mechanisms

Figure 1 Possible mechanisms by which infections cause psychiatric complications.

Finally, it has been observed that antibodies produced during an infection can trigger neuropsychiatric complications
due to a cross-reaction in which antibodies recognize pathogen antigens but may also recognize self-antigens[68,69]. It
has been proposed that genetic factors of the host and infectious agent influence the development of these complications
[70]. Cross-reacting antibodies can directly recognize neuronal antigens, as in streptococcal infections, and trigger
neuropsychiatric symptoms[71]; however, antibodies can cross-react against cortisol, as in the case of coronavirus
infections, and thus inhibit the regulation of inflammation and generate neuropsychiatric complications secondary to
chronic inflammation[64]. Figure 1 summarizes the proposed mechanisms by which infections may cause psychiatric
disorders.

CONCLUSION

Even after injury or infection has been resolved, persistent inflammatory parameters may continue to affect body levels of
inflammatory, hormonal, and neurochemical molecules. In some individuals, exposure to stressors like surgery or
infections can contribute to the development of psychiatric disorders, such as anxiety and depression, due to chronic
stress. It can also exacerbate pre-existing psychiatric conditions. Clinicians must take into account infection-associated
factors such as microorganisms, host, and treatment characteristics when treating patients. These factors may lead to the
development of psychiatric complications, so it is imperative to offer more holistic therapeutic options that consider the
primary problem and its psychiatric complications. Further investigation is crucial for future studies to understand better
the mechanisms by which infection causes psychiatric complications.
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