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Abstract

In COVID-19 patient’s cytokine interaction in various brain areas through different neuronal pathways leads to disturbance 
in emotional behaviour, low mood or loss of interest, and changes in appetite and sleep. COVID-19 activates various cascades 
of inflammation, resulting in an increased level of IL-1β, TNF-α, IL-6, and interferon-γ with a parallel decrease in the anti-
inflammatory factors IL-10 and transforming growth factor β-1, similarly seen in the manic phase of bipolar disorder. In the 
last decade, neuro-gastroenterology research has revealed a significant direct biochemical neurotransmitter signaling between 
the gastrointestinal (GI) and central nervous system (CNS) called as “gut-brain axis.” Commercially available probiotics when 
given in adequate amounts emerged as a compelling candidate in addition to other antipsychotic drugs for the regulation of 
mental health. Probiotics and prebiotics are shown to reduce cortisol stress response and directly produce neurotransmitters 
like GABA, serotonin, noradrenaline, acetylcholine and dopamine in the sensory brain network area of the brain, controlling 
central processing for emotions and sensation In the light of current shreds of evidence, probiotics can improve the psychiatric 
face of COVID-19 and can be potentially used as a novel treatment in combination with other antidepressants treatment.
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Spinal Fluid; ANS: Autonomic Nervous System; GABA: 
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Introduction

Coronavirus-2 (SARS CoV-2) belongs to group 2B of 
β-coronavirus family. It is recognized as the seventh 
component of the coronavirus family and included in the 
orthocoronavirinae subfamily [1]. In mild cases, SARS-CoV-2 
pneumonia causes hypoxia, which triggers or exacerbates 
the inflammatory response of the central nervous system 
(CNS) via NF-κB which stimulates the overproduction of pro-

inflammatory messengers [2]. During COVID-19, throughout 
2020, the pandemic led to a 27•6% increase in cases of 
major depressive disorders and a 25•6% increase in cases 
of anxiety disorders globally. Severe cases of covid-19 are 
accompanied by excessive host immune response. Systemic 
and cellular immune response in covid-19 is characterized 
by a massive increase in plasma and cerebral spinal fluid 
levels of IL-6, TNF-α and IL-1β and results in changes in 
the neurochemical environment and synaptic transmission, 
synthesis of neurotrophic factors, and neurogenesis 
[3,4]. Similarly, an abnormally high concentration of IL-6 
was also detected in the cerebral spinal fluid (CSF) of 
patients with bipolar disorder with major depression [5], 
suicide attempters [6], post-traumatic stress disorder, 
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and schizophrenia [7]. In COVID-19 patient’s cytokine 
interaction in various brain areas through different neuronal 
pathways leads to disturbance in emotional behaviour, low 
mood or loss of interest, and changes in appetite and sleep 
[8]. The COVID-19 pandemic has resulted in a significant 
impact on interpersonal relationships between people, and 
the inability to control and modulate human emotions [9]. 
A study by Troyer et al. on patients with SARS-COV-1 after 
30-50 months of infections demonstrated the presence 
of post-traumatic stress disorder in 40%, depression in 
15.6% and obsessive-convulsive disorder in 15.6% of 
patients [10]. Evidence is there that psychological stress 
may increase the permeability of the gastrointestinal lining 
and the microbiome can modulate and influence emotional 
behaviour [11].

In the last decade, neuro-gastroenterology research has 
revealed that the gut microbiota modulates a significant 
direct biochemical neurotransmitter signaling between 
the gastrointestinal (GI) and central nervous system (CNS) 
called as “gut-brain axis.” It’s a bidirectional communication 
network and occurs through the autonomic nervous system 
(ANS), enteric nervous system, neuroendocrine system and 
immune system [12]. Use of broad-spectrum antibiotics 
in the treatment of patients with COVID-19 results in an 
imbalance of the makeup of gut Microbiome.

Human gut microbiota consists of 1014 resident micro-
organisms, including bacteria, protozoa, archaea viruses 
and fungi. The most prominent are phyla Actinobacteria, 
Firmicutes, Proteobacteria, and Bacteroidetes [13], while 
the colon harbours a high density of bacteria from the 
family Bacteroidaceae, Prevotellaceae, Rikenellaceae, 
Lachnospiraceae and Ruminococcaceae [14]. This 
commensal microbiota plays a key role in various host 
physiological functions, including dietary digestion, and 
modulates the immune response by inflammatory cytokines. 
This result in the colonization of specific bacterial species 
(lipopolysaccharide containing B. fragilis and S. aureus) and 
genera that are predicted to influence the production of 
cytokine, and have putative interactions between microbial 
metabolism and tumour necrosis factor-alpha (TNFα) and 
interferon-gamma (IFNγ) [15].

Most of the pharmacological treatments for psychiatric 
disorders, mainly focus on neurotransmitter activity 
alteration in the central nervous system and often miss out 
on the restoration of the altered gut milieu. These psychiatric 
medications have delayed action onset and have various side 
effects like headaches, sedation, agitation, tremors, nausea, 
metabolic disorders, loss of appetite and sexual dysfunction 
[16]. Several studies reported the alpha diversity of patients’ 
gut microbiota compared with that of a healthy population. 
Based on basic research results showed that antipsychotic 

drugs particularly atypical antipsychotics and serotonin-
specific reuptake inhibitors (SSRI) antidepressants have 
antibacterial effects in vitro and the potential to alter the 
composition of gut microbiomes [10,17]. When looking at 
the gut microbiome, it is important to consider medication 
usage in psychiatric disorders patients. Commercially 
available probiotics when given in adequate amounts 
emerged as a compelling candidate in addition to other 
antipsychotic drugs for the regulation of mental health [18]. 
Most probiotics do not colonize the GI tract due to the direct 
and indirect “colonization resistance” phenomenon.  In 
direct colonization resistance, the gut microbiota inhibits 
exogenous microbial colonization via competition for 
resources [19]. Indirect colonization resistance is the result 
of host-derived factors, which include antimicrobial peptide 
production, epithelial barrier maintenance, and bile acid 
modulation of the host [20]. Probiotics are adversely affected 
by the colonization resistance exerted by the commensal gut 
microbiota. They reside in the GI tract and influence various 
GI disorders and neurotransmitter pathways in CNS.

In the present review, three main domains have been reviewed 
in context with post-COVID- 19 associated inflammation, 
neurotransmitters (serotonin (5-HT), dopamine (DA), 
noradrenaline (NE), gamma-Aminobutyric acid (GABA)), 
and the hypothalamic-pituitary-adrenal (HPA) axis. We aim 
to explore the potential role of probiotics, and their basic 
mechanism of action on various neurotransmitter pathways 
in post-COVID-19 mental health, and major depressive 
disorders (MDD).

Inflammatory Cascades and Psychiatric 
Disorders

Low-grade neuroinflammation has been suggested as one of 
the mechanisms of many psychiatric diseases and cognitive 
disorders. IL-6 and IL-8 are pro-inflammatory cytokines 
produced by many cell types including macrophages and 
microglia. During acute manic or depressive phases of BPAD, 
there is an activation of the inflammatory cascade resulting in 
an increase in the level of IL-1β, TNF-α, IL-6, and interferon-γ 
with a parallel decrease in the anti-inflammatory factors 
IL-10 and transforming growth factor β-1, especially in 
maniac phase of BPAD [21,22]. IL-6 and cytokines decrease 
the synthesis of monoamine and may increase the activity 
of indoleamine-2,3-dioxygenase (IDO), responsible for 
tryptophan catalysis, and activation of kynurenine pathway 
activation and decreasing availability of central serotonin 
[23]. As a result, there is a synthesis of neurotoxic N-methyl-
d-aspartate glutamate (NMDA) agonist quinolinic acid and 
3-hydroxykyneurine, which enhance oxidative stress and 
contribute to neurodegeneration [24].

https://academicstrive.com/ANPL/
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Neurotransmitters (Serotonin (5-Ht), 
Dopamine (Da), Noradrenaline (Ne), Gamma-
Aminobutyric Acid (Gaba)

The neurotransmitters (5-HT), DA, NE and GABA, are 
monoamine neurotransmitters. These neurotransmitters are 
either gut-derived or brain-derived, which plays a major role 
in the aetiology and pathophysiology of MDD by maintaining 
systemic homeostasis or regulation and development of 
various neurogenic pathways. Their depletion results in the 
development of various neuropsychiatric disorders including 
MDD [25].

During COVID-19, cytokines and their signal pathways 
including p38 mitogen activates protein kinase and 
shows significant effects on the metabolism of various 
neurotransmitters like serotonin, glutamate and dopamine 
by inhibiting their synthesis, release and reuptake [26]. IL-6 
and cytokines decrease the synthesis of monoamine and 
may increase the activity of IDO which release kynurenine 
and potentially decreases the availability of serotonin in 
the brain. The second mechanism by which inflammatory 
cytokines inhibit the synthesis of serotonin is by disruption 
of tetrahydrobiopterin (BH4). BH4 is a rate-limiting essential 
enzyme cofactor for tryptophan and tyrosine hydroxylase. It 
is also required for the activity of phenylalanine hydroxylase 
which converts phenylalanine to tyrosine [27].

Cytokinin further activates the mitogen-activated protein 
kinase (p38 MAPK) pathway which increases the function of 
the reuptake pumps for serotonin and dopamine transporters 
[28]. Inflammatory cytokinin also stimulates the release 
of glutamate from astrocytes and reduces the astrocytic 
expression of glutamate transporters, leading to glutamate 
excitotoxicity. Glutamate results in access to extra-synaptic 

NMDA receptors which leads to a decrease in neurotrophic 
factors, important in neurogenesis [29].

Hypothalamic Pituitary Adrenal (HPA) Axis

The HPA axis causes the release of glucocorticoids (cortisol 
in humans), from the adrenal cortex in response to 
adrenocorticotrophic hormone (ACTH) from the anterior 
pituitary gland. Increased circulatory glucocorticoids, 
establish a negative feedback mechanism and inhibits 
corticotrophin-releasing hormone (CRH) and vasopressin 
from the hypothalamus. Chronic stress leads the immune 
system to become insensitive to the inhibitory signals 
of glucocorticoids and disturbs the negative feedback 
mechanism. Increased circulatory glucocorticoids and 
pro-inflammatory cytokines further desensitize and 
downregulate the central neurotransmitter circuits causing 
elevation of cortisol, CRH and ACTH levels in MDD patients.

Probiotics and Brain Functions

There is much substantial evidence that the gut microbiome 
is the key regulator of the stress pathway, and has potential 
antidepressant properties by regulating inflammatory 
markers and neurotransmission of monoamine 
neurotransmitters. Many microorganisms have been proposed 
as potential psychotropic agents, including Streptococcus 
thermophiles, Bifidobacterium animalis, Bifidobacterium 
bifidum, Bifidobacterium longum, Streptococcus thermophiles, 
Lactobacillus bulgaricus, Lactococcus lactis, Lactobacillus 
acidophilus, Lactobacillus Plantarum, Lactobacillus reuteri, 
Lactobacillus paracasei, Lactobacillus helveticus, Lactobacillus 
rhamnosus, Bacillus coagulans, Clostridium butyricum, and 
others [30-32] (Table 1).

Nation Probiotic Dosage Duration Sample size Diagnosis 
criteria Conclusion References

Canada

Contained freeze-dried 
L. helveticus R0052 

and B. longum R0175 
bacteria

Three billion 
colony-

forming units 
(≥3 × 109 

CFU) per 1.5 g

8 weeks

74 patients 
with MDD 

(18-50 
years)

BDI
Result in the 

improvement of BDI 
score

Kazaemi, et al. 

Iran

CFU Bifidobacterium 
longum, 

Bifidobacterium 
bifidum, 

Bifidobacterium lactis, 
and Lactobacillus 

acidophilus bacteria) 
or placebo in addition 
to 25 mg of sertraline

One capsule 
18 X 109 8 weeks

48 patients, 
(18-65 years 

old)

DSM-V 
criteria

Probiotics with 
a sertraline 

combination was 
superior to sertraline 

alone

Eskandarzadeh,  
et al.

https://academicstrive.com/ANPL/
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Poland Lactobacillus 
plantarum 299v

1 capsule 
(contained 10 

× 109 CFU
8 weeks 79 patients 

with MDD HAM

Lactobacillus 
Plantarum 299v 

improved cognitive 
performance and 

decrease KYB 
concentration in 

Patients with MDD

Rudzki, et al.

Ireland L. rhamnosus (JB-1)

capsules 
were 1 × 

109 colony-
forming units 

(CFU).

8 weeks
29 patients, 

(20-33 
years)

BDI;BAI

No significant effect 
on BDI Scores, but 

reduced stress-
related behaviour 

and corticosterone 
release

Kelly, et al.

Japan CP2305
1 × 1010 

bacterial cells 
per 2 tablets)

24 weeks

74 Japanese 
medical 
students 

(average 25 
years of age)

STAI; HADS

CP2305 on long-
term use improve 
the mental state, 

sleep quality and gut 
microbiota of healthy 
adults under stressful 

condition

Nishida, et al.

 

Lactobacillus 
acidophilus, L. casei, 
and Bifidobacterium 

bifidum

  8 weeks

40 patients 
with MDD 

(20-55 
years)

BDI Improved BDI Score Akkasheh, et al.

 

lactobacillus. 
acidophilus and 
Bifidobacterium. 

bifidum and longum

  6 months

34 patients 
with 

stress or 
exhaustion 

(average age 
44 years

PNQ, EWL

General condition 
improved by 40.7%. 

70 % participants 
rated the treatment 
effect as good and 

very good.

Grunewald, et al.

Table 1: *MDD major depressive disorder, BDI Beck Depression Inventory, PNQ psychological-neurologic questionnaire, EWL 
list of adjectives, STAI state-trait anxiety inventory, HADS Hospital Anxiety Depression Scale, BAI Beck Anxiety Invento.

Table1. Depicts the group of various studies assessed the daily 
doses of commercially available probiotics, ranging from 6 
billion to 12.5 billion bacteria every day, these seven studies 
included 204 patients with depression on probiotics. The 
met analysis reported significant differences in the clinical 
outcome when probiotics were consumed for a period of 8 
weeks and more resulting in an improved Beck Depression 
Inventory score and reducing stress-related behavior [33]. 
Probiotics and prebiotics are shown to reduce cortisol 
stress response [34]. Secondly, gut bacteria directly produce 
neurotransmitters like GABA, serotonin, noradrenaline, 
acetylcholine and dopamine in several brain regions [35,36], 
but most notably in the sensory brain network area of the 
brain, controlling central processing for emotions and 
sensation when compared to a patient with no intervention 
[37,38]. These are the mediators of major interest in all 
psychiatric illnesses. Although it remains unclear whether 
the levels of microbe-derived neurotransmitters are 
sufficient to be clinically important, such a scenario is worth 

exploring. They also produce short-chain-fatty-acids (SCAFs) 
by bacterial fermentation of fiber in the colon like butyrate, 
which acts as a histone deacetylase inhibitor, functions as a 
ligand for a subset of G protein-coupled receptor and energy 
metabolite which plays a major role in brain health by 
showing antimanic and antidepressant effects [39].

Gut microbiota plays an important role in tryptophan 
metabolism via the kynurenine pathway, thus increasing the 
production of neuroactive kynurenic acid and quinolinic acid, 
while reducing the availability of tryptophan for serotonin 
synthesis. The kynurenine pathway plays a major role in the 
pathogenesis of depression [40,41].

Restoration of Healthy Gut Bacteria After 
COVID-19 Therapy

The evidence compiled in the presented review indicates that 
probiotics might improve the psychiatric face of COVID-19. 

https://academicstrive.com/ANPL/
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Probiotics can be potentially used as a novel treatment 
in combination with other antidepressants treatment. 
Probiotics and prebiotics (combinations called synbiotics) 
supplements are the most effective way to restore the healthy 
gut microbiome. Probiotics feed on prebiotics, so a diet rich 
in prebiotics can help ensure that the microbiome has the 
resources necessary to repopulate properly by providing 
nutrients that promote gut health and microbiome diversity. 
When recovering from COVID-19, food diversity and a 
balanced diet, with extra fibers and fermented food might 
be part of a diet to maintain the balance in the aftermath of 
antibiotics.
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