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I Abstract
A growing body of evidence confirms that immune activation and low-grade inflammation could be defined as risks
factors for the development and progression of mood episodes. A suggested mechanism leading to immune-inflammatory
imbalance is the change in gut microbiota composition provoked by intestinal permeability. Three cases of patients with
first episode of depression: a 30-year-old man and two 41 and 46-year-old women are presented in the study. In all cases,
the episode was proceeded by the infection of the upper respiratory tract and improper antibiotics therapy. Despite the
subsidence of infection, gastrointestinal and depression symptoms appeared. Psychiatric care, anti-depressant treatment,
and probiotic supplementation were applied with positive results. Changes in gut microbiota and gut permeability are
mechanisms probably involved in the development of mood disorders among the described patients. Lack of microbiota and
gut permeability analysis allows defining just a temporary, potential cause-effect relationship between disease symptoms
and intestinal microbiome alternations. Further studies to establish the importance of gut bacteria, immune-inflammatory

cascade at depression etiopathogenesis and therapy are needed.
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INTRODUCTION

Depression is not an isolated disease. During the time of
ongoing deepening of knowledge about the inter-relationship
between different fields of medicine, affective disorders
should also be mentioned in an interdisciplinary way. An
increasing number of studies have shown the comorbidity of
mental illness with cardiac, thyroid diseases or diabetes [1].

The EZOP Poland study, “The prevalence of common
mental disorders in the population of adult Poles by gender
and age structure’ conducted between 2008-2011, based on a
representative sample of Poles, revealed 3% of adults between
the ages of 18 and 64 years have had as least one episode of
depression during their lifetime. Nevertheless, the symptoms
of depression are often neglected [2].

Risk factors of affective disorders are quite well known
and include biological, somatic, psychosocial, and genetic
factors [3]. The factor with a significant effect on immune-
inflammation regulation are microorganisms residential to
the gastrointestinal tract (GI) - gut microbiota, which are
crucial for maintaining health due to the modulation of
numerous pathways:

a. they shape both the innate and adaptive immune system
throughout life;

b. theyactivate hostimmune pathways, trigger the production
of inflammatory cytokines, and regulate T-cells function
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c. they are necessary for proper neurodevelopment [6];

d.they have an effect on the function, regulation, and
restoration of tight junctions (T]s) — protein in an apical
membrane of blood and brain barrier [7-9]. Lack of
integrity in both barriers could provoke GI tract and
central nervous system (CNS) abnormalities by passage
molecules (also pathogenic and immunogenic) out of the
gut to blood circulation and brain [10, 11];

e. microbial digestion and fermentation lead to production
metabolites of tryptophan, and derived fatty acids, which
have a significant effect on the immune response and
brain. Short-chain fatty acids (SCFAs), whose content
is a proposed factor of depression phenotype, leading
to enhancing immune system functioning, intestinal
permeability regulation, and microglia maturation
function [5, 12].

Studies have shown that the gut microbiota in patients
with depression is different from microbiota in healthy
controls. In patients with depression, both over- and under-
representation of some microbiota species are observed, but
results are contradictory [11, 13, 14].

Interpretation of the observed relationship between mood
symptoms and gut microbiota should be made very cautiously.
Medications taken by MDD patients may have various effects
on the composition of the intestinal microbiome. Anti-
depressive treatment leads to changes in the gut ecosystem,
and the shifts are not always colinear to improvement of
the patients’ mental health Furthermore, somatic disorders
commonly experienced by individuals with depression
affects the gut ecosystem. Including patients taking drugs
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belonging to a different class influences the results of studies
and complicates the drawing of conclusions [15, 16].

It is difficult to determine and adequately define a
quantitative and qualitative composition of gut microbiota.
Some evidence suggests that the composition of microbiota
differentiates patients with MDD to a greater extent during
the exacerbation period which, therefore, may have a
significant impact on disease processes, and the maintenance
or the appearance of depressive symptoms [14]. To-date, the
results of studies have been unequivocal. Nevertheless, two
meta-analyses have shown a potential therapeutic effect of
probiotics on mood symptoms, with the results being more
promising in patients with the diagnosis of depression [17-20].

OBJECTIVES

The aim of the study is to present the probable mechanisms for
the development of the first depressive episode associated with
co-occurring low-grade inflammation, caused by alternations
in the gut microbiome and loss of intestinal mucosa integrity
as a result of improper probiotic therapy during antibiotic
treatment, and non-steroidal anti-inflammatory drug intake.

CASE REPORTS

Case I. A 30-year-old male, with higher education, living
with his wife and 10-year-old son, employed, and practices
bodybuilding, had been suffering from hypertension and
was taking bisoprolol (1.25 mg/d). Clinical history revealed
allergic disease, bronchial asthma and recurrent pharyngitis.
Body Mass Index (BMI) - 22.53 kg/m?. He had taken anabolic
steroids (methandienone) several times in the past. The
patient’s family history revealed that his mother had been
treated for depressive disorder, his father had an anxiety
disorder. The examination of the patient was his first contact
with a psychiatrist.

In January 2018, the patient suffered from an upper
respiratory tract infection. The family practitioner advised
azithromycin (500 mg per day (/d) for three days and a
probiotic (2 mld CFU Lactobacillus rhamnosus) 3 times/d
for 7 days. The symptoms did not subside, and the patient
received another antibiotic - clarithromycin (1000 mg/d
for ten days). During therapy, he did not take probiotics but
consumed fermented milk products (yoghurt). His mental
state improved, but a slightly raised temperature, cough,
and weakness persisted. He again received azithromycin
(but under a different trade name) and then cefuroxime
(3x750 mg/d for 10 days (i.m.)) with good therapeutic effect.
Approximately 7 days later, the patient took amoxicillin (oral
dose of 1g every 12 hours for 5 days) due to toothache and
swelling of the jaw, with a satisfactory therapeutic effect.

After a 3-week recovery period, symptoms of acute bacterial
pharyngitis and tonsillitis occurred and levofloxacin was
introduced (500 mg/d for 10 days). Budesonide and ciclesonide
(inhalation) were given due to the exacerbation of asthma
symptoms. A therapeutic effect was achieved. The patient
observed bodyweight reduction — 10 kg from the time of the
first antibacterial treatment. The anthropometric changes
were supposedly linked with the occurrence of stomach
aches, loose stools, decrease in appetite, and general weakness
which included the mental state.

The patient decided to visit the psychiatrist due to mood
and psychomotor drive decrease, anhedonia, anxiety,
difficulty in thinking (‘T am hung up, I can sit for long hours
looking straight ahead’), and making decisions, weakness,
and fears regarding health. In the last few months before
the visit, he experienced panic attacks in the afternoon,
which were accompanied by dizziness and chest pains.
He complained of head tension without a clear cause. The
patient had accurate laboratory diagnostic tests, imaging
and microbiological tests performe: morphology, C-reactive
protein (CRP)=~4, aminotransferases, antistreptolysin-O
titer (ASO), thyroid and sex hormones, amylases, Prostate-
Specific Antigen (PSA), the magnetic resonance of head,
heart echo scan, antibodies to B. burgdorferi according to
western blot method). Sertraline (100 mg/d), trazodone
(75 mg/d) and lorazepam (1 mg during the panic attack
only) were prescribed during the first psychiatric visit.
Multi-strain probiotic supplementation (9 x 10'' colony-
forming unit (CFU) Streptococcus thermophilus DSM24731°,
Bifidobacterium longum DSM24736°, Bifidobacterium breve
DSM24732, Bifidobacterium infantis DSM24737, Lactobacillus
acidophilus DSM24735, Lactobacillus plantarum DSM24730,
Lactobacillus paracasei DSM24733, Lactobacillus delbrueckii
ssp. bulgaricus DSM24734) was also applied.

He also visited various specialist physicians, which
allowed the exclusion of a somatic cause. Psychotherapy
was suggested. During the second visit to the psychiatrist in
June 2018, his mood was significantly improved. He reported
periodically occurring low severity anxiety and loose stools.
Two months later, his mental state normalized, which was the
basis for a gradual reduction in the dose of anti-depressants,
full remission, and as a result, discontinuation of treatment.

Case 2. A 41-year-old female with secondary education,
currently unemployed, and living with her family and
three children. She hds been treated for hypertension
(indapamide 1.5 mg/d). BMI - 24.34 kg/m?. There was no
psychiatric diagnosis in her family. She associates the onset
of mental disorders with bronchitis treated ineffectively with
azithromycin (500 mg for three days) and probiotics (6x10°
CFU Lactobacillus for 7 days) at primary care.

Due to the body temperature rising to 39°C, she reported to
the emergency department, where Amoxycyclin (1750 mg/d)
with clavulanic acid was recommended. The treatment was not
successful. During the next visit to a doctor, an antibiogram
was carried out, and the patient received penicillin (4 million
(mln) international units (IU)/d i.m). This therapy led to the
resolution of bronchitis symptoms. However, the woman
felt weak and suffered from diarrhoea, leukorrhea, itching,
and burning in the genital tract. She also complained about
feeling sad, having difficulty thinking, light-headedness,
pain and burning in the whole body, and anxiety. The family
practitioner recommended the following drugs: antifungal -
fluconazole (150 mgat one dose), and an antidepressant. Genital
candidiasis symptoms disappeared completely. However, the
depressive symptoms increased, which were the reason for the
visit to the psychiatrist. Loose stools occurred, yet less often
than prior to taking fluconazole. The psychiatrist diagnosed
adepressive episode and prescribed sertraline (50 mg/d in the
morning) and trazodone (75 mg/d at night). The patient felt
much better, although she was not functioning as previously.

After 7 months of therapy, full remission had not been
achieved, another psychiatrist therefore uggested changes
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in the treatment (300 mg quetiapine/d). The patient reported
that ‘this was better, but everything she did was done with
difficulty/heaviness’.

In spring 2017, the patient began therapy at a daily
psychiatric ward where she received quetiapine and sertraline.
During this time, she became pregnant and the psychiatric
treatment was discontinued suddenly at approximately 5 -
6 week of pregnancy (hbd). At eight hbd, the patient had a
miscarriage, after which she took a probiotic (4x10° CFU
Lactobacillus rhamnosus) for one month. This resulted in a
significant but short-term improvement in her mental state.

However, a drop in her mood again occurred. She reported
that her rate of thinking and speech were slowing down and
she had significant difficulties in performing daily activities,
increased sleep latency, and disruption of the circadian
rhythm. She confirmed the presence of resignation and
suicidal thoughts without any tendency to realize them.
She complained a lot of somatic symptoms, including tension
in the head area, burning skin, body pain, muscle stiftness,
and periodic loose stools.

She was treated with sertraline (200 mg/d), quetiapine
(250 mg/d), trazodone (75 mg/d), combined with probiotic
supplementation (multi-graft probiotic, containing 8 strains
of probiotic bacteria 5x10°. (CFU: Bifidobacterium lactis
W52, Lactobacillus brevis W63, Lactobacillus casei W56,
Lactococcus lactis W19, Lactococcus lactis W58, Lactobacillus
acidophilus W37, Bifidobacterium bifidum W23, Lactobacillus
salivarius W24 were included). The therapy obtained a
decrease in the depressive symptoms.

Case 3. A 46-year-old female, with higher education,
working as a teacher in a kindergarden, living with her
familyand 2 children aged 15 and 16 years, had been treated
for hypertension (metoprolol 25 mg/d), degenerative disease
of the L-S spine, and migraine (which appears after eating
high-histamine content or histamine-releasing foods).
Clinical history: removal of a non-functional ovarian cyst
and occurrence of chronic tonsillitis. BMI - 28.67 kg/m?.
This was her first episode of depression, and neither she nor
anyone in her family had previously received psychiatric
treatment.

In October 2014, there was an exacerbation of radiculitis
of the sacral segment of the spine. At this same time,
streptococcal pharyngitis and tonsillitis symptoms e
developed. She started antibiotic (cefuroxime - 500 mg/d
per 10 days) and probiotic therapy (2x10° CFU Lactobacillus
rhamnosus, 3 times daily per 5 days), simultaneously with
meloxicam (nonsteroidal anti-inflammatory drug (NSAID);
7.5 mg/d) therapy. After antimicrobial treatment, despite
the resolution of streptococcal pharyngitis symptoms, her
mental state worsened.

By January 2015, the patient felt sad, tense, had difficulty
concentrating, decreased appetite, anhedonia, and difficulty
making a decision. The symptoms gradually increased. The
depressed mood was accompanied by a feeling of tightness
in the throat and stomach, and her psychomotor function
was significantly slower.

She decided to visit a psychiatrist and brought her previous
laboratory blood tests with her. Their results were within
reference values (blood morphology, thyroid-stimulating
hormone (TSH), vitamin D, and urine analysis). CRP was
slightly increased (3.5). Tianeptine (12.5 mg/d) and increased
physical activity were recommended.

Atthe nextvisitin February 2015, there was no improvement
in mood symptoms. The ant-depressant was changed to
sertraline (150 mg/d). During the next visit two months
later, the patient admitted that since starting the antibiotic
therapy she observed loose stools accompanied by a feeling
of overflow in the abdomen. These symptoms increased
after starting sertraline treatment. The patient’s mental state
improved slightly - the feeling of fear was less severe.

Due to gastric symptoms, the dose of sertraline was
reduced to 100 mg, and a multi-strain probiotic was
added to the treatment (5x10° CFU: Bifidobacterium lactis
W52, Lactobacillus brevis W63, Lactobacillus casei W56,
Lactococcus lactis W19, Lactococcus lactis W58, Lactobacillus
acidophilus W37, Bifidobacterium bifidum W23, Lactobacillus
salivarius W24 with sodium butyrate: 300mg/d).

The patient was also under the care of a dietitian who
started dietotherapy, taking into account the likely histamine
intolerance and esults of IgG and anti-depressant treatment,
the loose stools gradually disappeared, and the patient’s
psychological well-being completely normalized

DISCUSSION

The presented case reports of patients with their first depressive
episodes indicates a potential causal link between the
occurrence of alterations in the gut microbiome composition
(as aresult of long-term antibiotic use) and worsening of the
mental state. Anti-microbial treatment was added without
an antibiogram and microbiological diagnostic tests.
Simultaneously, the probiotic supplementation was too short-
term. In one case,, which could have additionally enhanced
changes in gut microbiota occurring after administration of
the anti-microbial drugs. The clinical manifestations were
stomach aches, bowel movements, loose stools, and genital
candidiasis. The anti-bacterial treatment in the described
cases reflects the general trend of the widespread over-use
of antibiotics.

Analysis of the use of antibiotic in Europe shows Poland
is among the 10 European countries with the highest use of
antibacterial treatment [21]. As indicated in the described
case reports, in order to avoid disruptions in the composition
of the intestinal microbiome, accurate diagnostic and
verification of the drugs administered earlier are necessary
before commencing anti-microbial treatment.

According to studies, depressive symptoms may coexist
with changes in the gut microbiota [11, 13, 14, 22, 23].
Bacteria-derived metabolites changes may disrupt the balance
of neurotransmitter homeostasis, and intestinal microbial
imbalance is linked to excessive gut permeability [24]. This
could affect the appearance of various particles translocated
to the blood and trigger an immune-inflammatory cascade
linked to decreased mood in the patient [25, 26]. Low-grade
inflammation is observed among a quarter of patients with
depression [27]. Values of CPR indicating them (>3 mg/])
were observed in all the cases presented cases. The effect
of various medications on the microbiome has not been
fully elucidated, therefore the potential impact of some of
the drugs taken by the patients (e.g. used for hypertension
treatment) on the gut environment cannot determine. Taking
NSAIDs is associated with distinct microbiota populations,
and the bacterial gut composition varied with the type
of medication. Using NSAIDs by the described patients
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could have provoked changes in the gut ecosystem [28]. The
excessive physical activity described in one of the patients
may have negatively impacted on gut function, its structure
and its ecosystem. Excessive cortisol secretion, induced by a
non-tailored intensity and/or type of physical activity, affects
intestinal physiology and morphology [29, 30].

The probable cause for the development of depressive
episode in the describes cases could be the direct effect of
anti-microbial treatment on CNS. It has been shown that
using this type of drug could be linked with the occurrence
of encephalopathy, convulsion or Tourette syndrome-like
symptoms [31], insomnia, agitation, depression [31, 32], and
risk of higher suicidal behaviours [33]. The study by Lurie
et al. indicates that one cycle of anti-bacterial treatment is
linked to anincreased risk of depression [34].
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Figure 1. Proposed mechanism connected with gut microbiome alternations,
antibiotic therapy, and development of a depressive episode

The mechanisms of antibiotic effect on CNS include:

a. modulation of neurotransmitter levels (amoxicillin and
ciprofloxacin) [35, 36];

b. GABA receptors antagonism [32];

c. increased oxidation, impaired DNA repair process, and
reduction of antioxidant ability (amoxicillin, metronidazole
and fluoroquinolones) [37].

As shown above, gut microbiota is medication-treatment
dependent. Anti-depressants also have abilities to microbiota
modulation although these changes are rather favourable.
Anti-microbial potentential, include inhibition of bacterial
cell-wall synthesis, anti-plasmid activity, efflux pumps
inhibition. SSRIs have a synergistic effect within certain
antibiotics and are effective against some bacteria resistant
to anti-microbial treatment [38, 39].

some studies have shown that anti-depressants are able to
improve the condition of patients suffering from IBS [40].
Decreased depression severity after anti-depressant treatment
may be linked to their a-imicrobial properties, leading to
the restoration of gut microbiota balance An unfavourable
effect on carbohydrates and lipids metabolism is the weight
gain observed during the use of second-generation drugs,
to some extent, mediated by microbiome changes [42-44].
Some ant-depressant drugs (i.e. escitalopram have no affect
on the gut ecosystem, while others have a favourable action
on intestinal microbiota [45, 16].

Anti-depressant drugs influencing gut microbiota may
be a target for personalized medicine in patients with mood
disorders, especially those after anti-biotic treatment. A most
promising and known method of restoring gut microbiota
balance, is probiotic therapy. Studies confirm the beneficial
effect of probiotic supplementation in individuals with
symptoms of mood disorders [46]. In physically healthy

persons with suicidal thoughts, multi-strain bacteria
formulation (B. bifidum, B. lactis, L. acidophilus, L. brevis,
L. casei, L. salivarius, L. lactis) reduced rumination [47]. Some
strains also have anti-depressant potential in individuals with
health-related problems, including diabetes (L. acidophilus,
L. casei, B. bifidum, L. fermentum and vitamin D), obese
individuals (L. rhamnosus CGMCC1.3724), pregnant women
(L. rhamnosus HNO0O1), and patients who have chronic
fatigue syndrome (L. casei Shirota) [48-50].

The bacteria strains could improve depressive and stress
symptoms, simultaneously with the reduction of HPA axis
reactivity [51, 52]. The beneficial effect of bacteria is related to
their ability to reduce the concentration of pro-inflammatory
factors [53, and studies aimed at finding specific bacteria
strains beneficial for mood disorders are still ongoing [54].
The tailoring of treatment of patients’ gut ecosystem creates
more promise for depression management and full recovery.

Study limitation. Interpretation of the presented cases
must be treated with caution. The occurrence of gut
microbiome imbalance was only found according to reported
clinical symptoms. No laboratory tests were performed
that allowed confirmation of quantity and quality of gut
microbial imbalance or increased gut permeability. In
the described cases, only time relationship and probable
causative relationship between anti-microbial treatment,
gut microbiome alternation, and the presence of a depressive
episode could be concluded.

CONCLUSIONS

1. The presented case reports indicate disruptions within
the intestinal microbiome composition, caused by
improper anti-biotic therapy without adequate probiotic
supplementation, as a probable mechanism for the
development of the first episode of depression.

2. Analysis of the lack of microbiota and gut permeability
allowed defining only a temporary, potential cause-effect
relationship between depressive symptoms and intestinal
microbiota.

3. Despite proper supplementation of probiotics, using
medication from 2 other groups (antibiotics, and NSAIDs)
together could lead to the disruption of microbiota
composition and function, and increase the risk/promote
the occurrence of depressive disorders.

4. Duringdepression episode treatment, itis worth considering
the inclusion of psychobiotics, especially in cases with alack
of remission and co-existing gastrointestinal symptoms.

5. Further studies to establish the importance of the intestinal
microbiome, immune-inflammatory cascade at depression
etiopathogenesis and therapy, are needed.
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