
2343

© Aluna Publishing    Wiadomości Lekarskie Medical Advances, VOLUME LXXVIII, ISSUE 11, NOVEMBER 2025

INTRODUCTION
Post-traumatic stress disorder (PTSD) is a complex 
neuroimmune condition that does not always devel-
op even after severe trauma exposure. It emerges as 
a result of traumatic experiences and excessive stress, 
affecting patients’ cognitive functions, emotional state, 
and physical health. Studies, particularly in the context 
of the war in Ukraine, confirm that PTSD significantly 
reduces quality of life, disrupts social adaptation, and 
increases the risk of comorbid disorders, including de-
pression and generalized anxiety disorder [1, 2]

Recent studies (2019–2025) demonstrates increased 
interest in the impact of microbiota on mental health, 
particularly regarding disorders such as post-traumatic 
stress disorder (PTSD) [3, 4]. It has been proven that the 
microbiota plays a key role in the regulation of the “gut-
brain” and “gut-immunity” axes, interacting with the 
central nervous and immune systems through metabo-
lites (e.g., short-chain fatty acids – butyrate, propionate, 
acetate), neurotransmitters (serotonin, γ-aminobutyric 
acid), and inflammatory cascade mechanisms [5].

Changes in the composition of microbiota cause sys-
temic inflammation and can influence the levels of both 
systemic and neuroinflammation. These inflammatory 
processes, in turn, affect the development of depressive 
and anxiety disorders and can alter the body’s response 
to stress [6].

Moreover, experimental models demonstrate that 
microbiota transplantation from individuals with PTSD 
to germ-free rats can induce behavioral changes char-
acteristic of increased anxiety and hyperarousal [7].

Alongside microbiota, biochemical blood markers 
play an important role in the diagnosis and understand-
ing of PTSD pathophysiology, reflecting metabolic state, 
inflammatory activity, and the functioning of internal 
organs. Changes in levels of glucose, liver enzymes (ALT, 
AST), creatinine, protein, leukocytes, and platelets may 
result from chronic stress as well as indicate systemic 
effects of an altered gut microbial composition. This is 
supported by the findings by Zhou et al. (2020), who 
demonstrated that systemic inflammation associated 
with PTSD is accompanied by biochemical changes in 
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the blood, including hyperglycemia, liver and kidney 
dysfunction [8].

Similar changes have also been described in the paper 
of Foster et al. (2022), who emphasize the connection 
between metabolic processes, microbial profile, and the 
psycho-emotional state of an individual [9].

Thus, combining microbiological analysis with screening 
of biochemical markers enables a more comprehensive un-
derstanding of the physiological state of patients with PTSD 
and identifies potential targets for therapeutic intervention.

As was mentioned, the gut microbiota is not only 
a defined component of immune defense but also a 
key regulator of the “gut-brain” axis. Disruptions in the 
composition and functions of the gut microbiota, par-
ticularly dysbiosis, can lead to enhanced inflammatory 
processes, impaired intestinal barrier function, and 
altered production of neurotransmitters [10-12]. 

Consequently, it may contribute to the worsening of 
psycho-emotional disorders, including PTSD.

At the same time, it has been proven that dysbio-
sis can increase the risk of intestinal colonization by 
opportunistic microorganisms, among which multi-
drug-resistant bacterial strains are often found [13]. In 
patients with PTSD, who often undergo treatment in 
hospital settings, the risk of colonization by resistant 
opportunistic microorganisms increases significantly. 
This is associated both with the widespread use of 
antibiotics and with microbiota changes induced by 
chronic stress [14]. Moreover, broad-spectrum antibiot-
ics reduce microbiota diversity, leading to an imbalance 
between beneficial and opportunistic microorganisms.

Thus, disruption of the gut microbiota not only intensifies 
inflammatory processes and affects mental health but also 
creates preconditions for the development of antibiotic re-
sistance, complicating the course of the underlying disease 
and requiring a comprehensive treatment approach.

	 The use of probiotics may help restore microbiota 
balance and reduce the risk of antibiotic resistance. 
Studies have shown that certain probiotic strains are 
capable of inhibiting survivance of multidrug-resistant 
bacteria and disrupting their biofilms, thereby reducing 
antibiotic resistance [15-18].

The data obtained indicates the potential of gut 
microbiota as a therapeutic target in the correction of 
mental disorders, which justifies usage of probiotics, 
prebiotics, and dietary recommendations in a compre-
hensive approach to psychiatric therapy. 

AIM
To analyze the composition of gut microbiota, antibiotic 
resistance profiles of isolated strains, and biochemical 
blood parameters in individuals with and without PTSD.

MATERIALS AND METHODS
The study included 82 individuals, divided into two 
main groups: a group of patients diagnosed with PTSD 
(n=40) and a group without signs of PTSD (n=42), which 
served as the control. Patients were hospitalized at Uzh-
horod City Multidisciplinary Hospital and the regional 
psychiatric facility in Berehove (September–December 
2024). All individuals provided written informed con-
sent prior to enrollment. Each participant underwent a 
comprehensive assessment that included the adminis-
tration of the PTSD Checklist for DSM-5 (PCL-5), a clinical 
medical examination, and laboratory testing. Labora-
tory evaluations consisted of general and biochemical 
blood tests to support the clinical findings and explore 
potential physiological correlations of PTSD. 

Gut microbiota was examined by culturomic technique 
by using of plating of fecal samples, serial dilution on selec-
tive and chromogenic nutrient media [19]. After cultivation 
at 37 °C for 24–48 hours, colony-forming units (CFUs) of 
bacteria were counted. Fecal samples were collected in 
sterile containers and transported to the laboratory. Bacte-
rial identification was carried out based on morphological, 
biochemical, and serological characteristics.

The study of antibiotic resistance of microorganisms 
was conducted using the disk diffusion method in 
accordance with EUCAST standards (2023) [20, 21]. A 
standard set of disks with 12 key antibiotics was used, 
covering representatives of carbapenems, beta-lactams, 
macrolides, fluoroquinolones, and aminoglycosides. 

Statistical analysis was performed using SPSS v.26. 
The χ² test was used for frequency comparisons, the 
Mann–Whitney U test for quantitative variables, and 
Pearson’s correlation analysis (r) was applied.

ETHICS
The research was conducted in accordance with ethical 
standards. All patients gave informed consent.

RESULTS
The results of the microbiological analysis of fecal 
samples indicate alterations in the gut microbiota of 
patients with PTSD. Compared to the control group, 
differences were noted both in the spectrum of isolated 
microorganisms and in their antibiotic resistance.

Microbiological examination of fecal samples revealed 
significant changes in the gut microbiota composition 
of patients with PTSD (n=40) compared to the control 
group (n=42). These differences included the spectrum 
of isolated microorganisms, their concentration profiles, 
and antibiotic resistance.

In the control group, the dominance of representa-
tives of the normal microbiota with minimal presence 
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of opportunistic forms was observed (Table 1). Specif-
ically, Escherichia coli was detected in 45% of samples 
(19 isolates) at an average concentration of (2.1 ± 0.3) 
× 10⁶ CFU/mL. A significant portion of the microbial 
composition also consisted of Bacteroides thetaiotao-
micron (27%; 11 isolates) at amount of (7.8 ± 1.2) × 10⁷ 
CFU/mL. Lactobacillus casei, as key beneficial microbes, 
were isolated in 18% of samples (8 isolates) at a level of 
(1.3 ± 0.2) × 10⁶ CFU/mL.

Among the opportunistic microorganisms in the 
control group, Enterobacter cloacae (5%; 2 isolates) and 
Staphylococcus aureus (7%; 3 isolates) were found spo-
radically, with concentrations of (9.5 ± 1.0) × 10³ CFU/
mL and (1.2 ± 0.3) × 10⁴ CFU/mL, respectively. These 
values only slightly exceeded reference levels and were 
not clinically significant, indicating the preservation of 
eubiotic balance in participants without signs of PTSD.

Further analysis of the microbiological profile of 
patients with PTSD (n=40) included the quantitative 
determination of key representatives of commensal 
and opportunistic microbiota. The study covered 

four main bacterial groups: physiologically important 
commensals (E. coli lac+, Enterococcus faecalis, Lactoba-
cillus casei) and opportunistic pathogens (Enterobacter 
cloacae, Klebsiella pneumoniae, Staphylococcus aureus 
MRSA). Additionally, for a subset of patients (n=13), an 
extended evaluation was conducted, including detailed 
antibiogram and microbiological characterization of 
the isolates.

E. coli lac+ was detected in all samples, with concen-
trations ranging from 10⁷ to 10⁸ CFU/mL, which corre-
sponds to physiological norms for a major facultative 
anaerobe. This indicator suggests the preservation of a 
baseline level of obligate intestinal microbiota even in 
the presence of dysbiosis. At the same time, the quan-
tity of Lactobacillus casei in most patients was below 
the reference range (10⁶–10⁸ CFU/mL). This indicates a 
reduction in the mucosal barrier function of the intes-
tine and suggests weakened colonization resistance.

Enterococcus faecalis concentrations varied widely – from 
10³ to 10⁸ CFU/mL. This discrepancy may reflect individual 
characteristics of microbial status as well as responses to 

Table 1. Species composition and concentration of generous microorganisms in feces of control group participants
Microorganism species Detection frequency (%) Number of isolates (n) Concentration (CFU/mL; M ± SD)

Escherichia coli 45% 19 (2.1 ± 0.3) × 10⁶

Bacteroides thetaiotaomicron 27% 11 (7.8 ± 1.2) × 10⁷

Lactobacillus casei 18% 8 (1.3 ± 0.2) × 10⁶

Enterobacter cloacae 5% 2 (9.5 ± 1.0) × 10³

Staphylococcus aureus 7% 3 (1.2 ± 0.3) × 10⁴

Source: compiled by the authors of this study

Table 2. Microorganisms identified by advanced analysis (n=40)
Isolates Number of patients (n=40)

Klebsiella pneumoniae 7

Enterobacter cloacae 5

Proteus mirabilis 4

Staphylococcus aureus 8

Corynebacterium spp. 3

Lactobacillus casei (decreased number) 13

Source: compiled by the authors of this study

Table 3. Susceptibility of Klebsiella pneumoniae (n=7)

№ Antibiotic
EUCAST Breakpoints (mm)

Inhibition Zone (mm ± SD)
S ≥ R <

1 Meropenem ≥ 22 < 22 11.0 ± 1.6

2 Imipenem/Cilastatin ≥ 22 < 19 13.5 ± 2.1

3 Ceftriaxone ≥ 25 < 22 12.3 ± 2.0

4 Azithromycin ≥ 17 < 13 11.8 ± 2.4

5 Levofloxacin ≥ 23 < 19 10.9 ± 1.5

Source: compiled by the authors of this study
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In an in-depth study of participants (n=40), which 
included antibiotic resistance profiling and refined 
bacteriological identification, these same trends were 
confirmed. Specifically, among all isolated strains, the 
proportion of Klebsiella pneumoniae, Enterobacter cloa-
cae, and Proteus mirabilis together accounted for more 
than 65% of the total. These species are associated with 
opportunistic infections, often multidrug-resistant, and 
are capable of forming stable biofilms, which compli-
cates their elimination.

Further analysis of the microbiological profile of 
patients with PTSD (n=40) included quantitative de-
termination of the main representatives of commensal 
and opportunistic microbiota. Specifically, among all 
isolated strains, the proportion of Klebsiella pneumoni-
ae, Enterobacter cloacae, and Proteus mirabilis together 
accounted for over 65% of the total. These species are 
associated with opportunistic infections, are often 

external factors, including antibiotic therapy, stress, and 
dietary changes. The most significant microbiological 
burden was associated with opportunistic members 
of the Enterobacteriaceae family, particularly Klebsiella 
pneumoniae and Enterobacter cloacae These accounted for 
more than 65% of all isolated strains, with concentrations 
mostly exceeding 10⁶ CFU/mL. Such values significantly 
surpass the clinically acceptable level (<10⁴ CFU/mL) and 
may indicate active colonization of the intestinal mucosa 
and a translocation potential of these strains.

In 13 patients, Staphylococcus aureus was identified, 
including methicillin-resistant strains (MRSA). Concen-
trations of this pathogen exceeded 10⁶ CFU/mL, which 
may point to endogenous colonization of the skin or 
mucous membranes. Considering many patients’ med-
ical histories, including prolonged hospitalizations and 
repeated antibiotic use, the probability of nosocomial 
origin for these strains is high.

 

Fig. 1. Antibiotic resistance of isolated strains 
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Fig. 1. Antibiotic resistance of isolated 
strains
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Fig. 2. Biochemical abnormalities in 
PTSD patients
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Fig. 2. Biochemical abnormalities in PTSD patients 
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In 80% of Staphylococcus spp. isolations (6 out of 8), 
an MRSA-like phenotype was identified with multiple 
resistance to fluoroquinolones, macrolides, and ampi-
cillin, while partial susceptibility to linezolid and fusidic 
acid was retained (Table 5).

These results suggest that, under PTSD-modified im-
mune status and hospital environmental conditions, a sta-
ble bacterial colonization burden is formed, dominated by 
multidrug-resistant Enterobacteriaceae and Gram-positive 
cocci. Of particular concern is the detection of Corynebac-
terium spp., which was found to be completely resistant 
to all tested drugs, including linezolid, vancomycin, and 
rifampicin. Although this was a single case, it illustrates the 
risk of emerging super-resistant isolates in patients with a 
history of repeated hospitalizations.

In the control group (n=42), such pathogens were 
detected much less frequently, and resistance to key 
antibiotics did not exceed 5–8% in any case. Compared 
to the PTSD group, these differences were statistically 
significant (p<0.05; χ²), allowing PTSD-associated mi-
crobial colonization to be considered an independent 
risk factor in the formation of multidrug-resistant status.

Thus, antibiotic resistance rates in the PTSD group 
were found to be significantly higher than in the control 
group, with particularly high resistance to carbapenems 
and macrolides. This pattern suggests colonization by 
microorganisms that potentially pose an epidemiolog-
ical threat in hospital environments.

Additionally, a biochemical blood analysis was per-
formed, the results of which confirmed systemic chang-

multidrug-resistant, and form stable biofilms, which 
complicate their elimination (Table 2).

Bifidobacterium spp. were not detected in the fecal 
samples. Antibiotic susceptibility testing showed a 
high level of resistance in the PTSD group (n=40) to 
the following drugs:
• Meropenem: 31% resistant strains;
• Imipenem/cilastatin: 26%;
• Ceftriaxone: 40%;
• Azithromycin: 35%;
• Levofloxacin: 28%.
In contrast, in the control group, only a few isolates 
showed resistance to the mentioned drugs (not ex-
ceeding 5–8%) (Fig.1).

According to the results of this analysis, the propor-
tion of isolates resistant to meropenem was 69.2% (28 
out of 40 patients), more than double the overall rate. 
Similar values were observed for levofloxacin – also 
69.2% (28 out of 40), ceftriaxone – 38.5% (15 out of 40), 
azithromycin – 38.5%, and imipenem/cilastatin – 38.5%.

Such a level of resistance observed in PTSD patients 
not only aligns with overall trends in the study but also 
highlights the severe microbiological profiles within the 
subgroup exhibiting pronounced colonization. In partic-
ular, all Klebsiella pneumoniae strains (n=7) were resistant 
to at least four classes of antibiotics–carbapenems, flu-
oroquinolones, macrolides, and beta-lactams (Table 3).

A similar resistance profile was observed in Entero-
bacter cloacae (n=5)–none of the isolates were suscep-
tible to ceftriaxone, levofloxacin, or imipenem (Table 4).

Table 4. Susceptibility profile of Enterobacter cloacae (n=5)

№ Antibiotic
EUCAST Breakpoints (mm)

Inhibition Zone (mm ± SD)
S ≥ R <

1 Meropenem ≥ 22 < 22 12.3 ± 1.8

2 Imipenem/Cilastatin ≥ 22 < 19 14.2 ± 2.1

3 Cefepime ≥ 27 < 24 13.5 ± 1.9

4 Cefotaxime ≥ 20 < 17 12.9 ± 2.4

5 Ciprofloxacin ≥ 25 < 22 13.8 ± 2.0

6 Amikacin ≥ 18 < 18 16.0 ± 2.3

Source: compiled by the authors of this study

Table 5. Susceptibility profile of Staphylococcus aureus (n=8)

№ Antibiotic
EUCAST Breakpoints (mm)

Inhibition Zone (mm ± SD)
S ≥ R <

1 Azithromycin ≥ 13 < 13 11.9 ± 2.1

2 Ciprofloxacin ≥ 50 < 17 13.2 ± 2.4

3 Levofloxacin ≥ 50 < 22 14.4 ± 1.7

4 Linezolid ≥ 21 < 21 22.3 ± 1.1

5 Fusidic acid ≥ 24 < 24 25.1 ± 1.5

Source: compiled by the authors of this study
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component (PC2), which explained 25% of the vari-
ance, was predominantly driven by blood biochemical 
parameters, including elevated glucose, ALT, AST, and 
creatinine levels.

Pearson correlation analysis demonstrated statisti-
cally significant associations between increased abun-
dance of opportunistic bacteria (Klebsiella pneumoniae, 
Proteus mirabilis, Enterobacter cloacae) and the follow-
ing biochemical indicators:
• Glucose level (r = 0.58; p < 0.01)
• ALT level (r = 0.49; p < 0.05)
• Creatinine (r = 0.52; p < 0.05)
• Elevated leukocytes (r = 0.45; p < 0.05)
Conversely, the abundance of Lactobacillus casei had 
an inverse correlation with glucose level (r = –0.47; p < 
0.05) and liver enzymes (r = –0.42; p < 0.05), suggesting 
a potential protective role of probiotic bacteria against 
the development of metabolic disturbances.

Additionally, a high level of antibiotic resistance in 
strains (Klebsiella pneumoniae, Enterobacter cloacae) 
to meropenem and ceftriaxone was directly correlated 
with increased intestinal colonization by these micro-
organisms (r = 0.61; p < 0.01) and the frequency of 
hospitalizations (r = 0.54; p < 0.05).

Thus, the results of the analysis support the hypoth-
esis of a unified pathophysiological complex that links 
microbiome alterations, the development of antibiotic 
resistance, and systemic metabolic disorders in patients 
with PTSD. The findings underscore the need for a com-
prehensive treatment approach for such patients, which 
includes simultaneous assessment of microbiota status, 
antibiotic resistance levels, and key blood biochemical 
parameters.

DISCUSSION 
The results of our study are consistent with the find-
ings of Cryan & Dinan (2019), who demonstrated that 
microbiota directly affects central nervous system func-
tioning through the regulation of key neurotransmitters 
[22]. Specifically, the authors describe that metabolic 
products of certain gut bacteria, including Lactobacil-
lus and Bifidobacterium, can stimulate the synthesis of 
gamma-aminobutyric acid (GABA) – the main inhibitory 
neurotransmitter involved in reducing anxiety. They 
also report effects on tryptophan metabolism and se-
rotonin synthesis neurotransmitter that plays a crucial 
role in mood regulation. Through the “gut-brain axis,” 
cortisol secretion – the primary stress hormone is also 
modulated, and its concentration can be influenced 
by the microbiota. Therefore, changes in gut microbial 
composition may directly affect emotional state, anxi-
ety, and the ability to adapt to stress.

es characteristic of PTSD patients (Fig. 2). In 40% of 
individuals, blood glucose levels exceeded the normal 
range (6.23 ± 0.88 mmol/L), indicating hyperglycemia 
likely associated with activation of the stress response. 
Liver enzymes (ALT, AST) were elevated in 33% of 
participants, suggesting liver dysfunction. Creatinine 
levels were above normal in 25% of individuals, and 
total protein was decreased in a significant number of 
patients, which may indicate catabolic processes or in-
sufficient protein intake. An increase in leukocytes was 
observed in 20% of individuals, and thrombocytosis in 
15%, pointing to activation of inflammatory processes.

Thus, biochemical blood analysis reflects systemic 
changes that suggest a physiological response to stress 
and a possible influence of microbial imbalance. In 
particular, elevated glucose may result from activation 
of gluconeogenesis via the HPA (hypothalamic–pitu-
itary–adrenal) axis, while elevated ALT and AST levels 
indicate hepatocyte cytolysis, likely linked to the effects 
of bacterial endotoxins. Decreased protein levels may 
point of to disrupted protein metabolism or malabsorp-
tion syndrome, which often accompanies inflammatory 
bowel disorders.

In patients diagnosed with PTSD, changes in renal 
function (elevated creatinine) and reduced total pro-
tein were also recorded, indicating possible catabolic 
processes. Additionally, thrombocytosis and elevated 
leukocyte counts were observed in some patients, 
consistent with a probable chronic inflammatory state. 
Therefore, the results of microbiological analysis are 
directly related to biochemical markers that indicate a 
systemic impact of PTSD on the body.

PRINCIPAL COMPONENT ANALYSIS AND 
CORRELATION ANALYSIS
For integrative assessment of the relationships be-
tween gut microbiota, antibiotic resistance, and blood 
biochemical parameters in patients with PTSD, a prin-
cipal component analysis (PCA) was conducted. This 
approach allowed the identification of the main factors 
driving the variability of the parameters studied and the 
establishment of key axes linking microbiota composi-
tion and systemic metabolic markers.

The analysis revealed that the first principal compo-
nent (PC1) accounted for 42% of the data variance and 
was most strongly associated with elevated levels of 
opportunistic Enterobacteriaceae (particularly Klebsi-
ella pneumoniae, Enterobacter cloacae), as well as high 
antibiotic resistance (notably to carbapenems and 
macrolides). At the same time, it showed a negative 
correlation with the abundance of probiotic forms 
(Lactobacillus casei, Bifidobacterium spp.). The second 
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treatment that includes microbiological and nutritional 
monitoring.

CONCLUSIONS
1.	� PTSD patients showed significant gut dysbiosis, with 

increased levels of opportunistic bacteria (Klebsiella 
pneumoniae, Enterobacter cloacae, Proteus mirabilis, 
Staphylococcus aureus) and reduced commensals 
(Lactobacillus casei, Bifidobacterium spp.), potentially 
contributing to psycho-emotional disturbances via 
gut–brain axis disruption.

2.	� In a PTSD subgroup, 77% had clinically significant 
colonization by multidrug-resistant Gram-negative 
pathogens. Some patients exhibited co-colonization 
with multiple strains, including Corynebacterium spp. 
resistant to all tested antibiotics.

3.	� High antibiotic resistance was observed in the PTSD 
subgroup: meropenem and levofloxacin resistance 
reached 69.2%; azithromycin, ceftriaxone, and imipe-
nem/cilastatin resistance was 38.5%. K. pneumoniae 
isolates showed resistance to ≥4 antibiotic classes.

4.	� Biochemical analyses indicated stress-related 
metabolic shifts–hyperglycemia, elevated ALT/
AST, dysproteinemia, creatininemia, and inflamma-
tion–correlating with Enterobacteriaceae levels and 
antibiotic resistance.

5.	� PCA revealed that microbial resistance and oppor-
tunistic colonization were primary factors driving 
patient variability; higher probiotic abundance 
inversely correlated with pathological biochemical 
markers.

6.	� Strong correlations were identified between Entero-
bacteriaceae levels and glucose (r = 0.58), ALT (r = 
0.49), and creatinine (r = 0.52), implicating dysbiosis 
and endotoxemia in PTSD pathogenesis.

7.	� The findings support a multidisciplinary PTSD treat-
ment approach involving microbiota screening, 
resistance profiling, biochemical monitoring, and 
personalized probiotic/nutritional interventions.

8.	� Multidrug-resistant colonization may serve as a 
predictive marker for PTSD severity and prognosis, 
highlighting the role of gut microbiota in systemic 
and neuropsychiatric dysfunction.

Foster et al. (2022) likewise emphasize that the state 
of microbiota is closely linked to immune system modu-
lation, particularly through effects on regulatory T-cells 
and the production of anti-inflammatory cytokines [23]. 
The authors highlight that shifts in microbial compo-
sition may promote either activation or suppression 
of the immune response, which, in turn, affects the 
hypothalamic–pituitary–adrenal (HPA) axis and cortisol 
secretion regulation – the key stress hormone. Under 
normal conditions, symbiotic microbiota maintains a 
balance between pro-inflammatory and anti-inflam-
matory signals, whereas dysbiosis disrupts this balance, 
potentially contributing to the development of anxiety 
and depressive disorders, including PTSD. Moreover, 
their research shows that some bacterial metabolites, 
especially short-chain fatty acids (SCFAs), play an im-
portant role in reducing systemic inflammation and 
improving stress adaptation through effects on the 
nervous and endocrine systems.

In the study by Kelly et al. (2016), a reduction in Faecal-
ibacterium prausnitzii – one of the key anti-inflammatory 
members of the microbiota–was observed in PTSD pa-
tients, correlating with increased levels of inflammatory 
cytokines [24]. Our results confirm these findings, as 
we observed an increase in gram-negative pathogens 
capable of triggering inflammatory pathways via LPS 
(lipopolysaccharides).

Furthermore, according to WHO and CDC guidelines 
[25, 26], the detected resistance to carbapenems is 
an indicator of critically important health threats. 
Our findings underscore the need to adapt treatment 
protocols based on epidemiological context and local 
resistance profiles.

Another important observation concerns the role of 
hospitalization and living conditions, as noted by Zhou 
et al. (2020), who emphasized that psychiatric patients 
are at increased risk of colonization with multidrug-re-
sistant microbiota due to frequent hospitalizations, 
prolonged inpatient stays, and repeated antibiotic 
treatments [27].

Thus, the results of this study add new evidence sup-
porting the hypothesis of a link between mental health, 
microbiota, and antibiotic resistance. They underscore 
the importance of an integrative approach to PTSD 
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