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Abstract
1. Role of the gut in critical illness

Sepsis 1s a highly emergent condition in which severe organ damage is caused by
infection, leading to multiple organ failure. Worldwide, nearly 50 million cases occur
annually, of which more than 10 million die (1). More than 50% of hospital deaths
are due to sepsis, which 1s a healthcare burden (2). In 2017, WHO has also made a
number of recommendations to improve the diagnosis, treatment, and management
of sepsis (3). In Japan, about 100,000 people are affected annually, costing the country
more than $4 billion in healthcare costs (4). Regardless of whether the disease is a
malignant neoplasm, cardiac disease, cerebrovascular disease, or COVID-19, they
often result in sepsis, including pneumonia and urinary tract infections.

In addition to sepsis, which is a typical disease in the emergency/intensive care
field, severe trauma, burns, and other major "injury" to the body can induce a
systemic inflammatory response syndrome (SIRS), which can progress to multiple
organ failure. The systemic inflammatory response 1s a common concept in the
acute phase, in which the immune system is triggered by foreign substances such as
bacteria or self-tissue from trauma, resulting in both the activation of inflammatory
Thl-type immune responses, and anti-inflammatory Th2-type immune responses
and regulatory T cells (). As immune system 1s disrupted by injury and infections
become severe, prevention, diagnosis and treatment for SIRS are needed.

The gut 1s an 1mportant target organ following injury, which could cause reduced



gut immunity represented by IgA and other factors, bacterial translocation due
to disruption of the intestinal barrier, and influx of inflammatory cytokines into
the systemic circulation via the intestinal lymph. These intestinal dysfunctions are
thought to play a critical role in the progression of systemic multiple organ failure
as "the motor of critical illness" (6).

2. Dramatic changes in the gut microbiota following injury

The most dominant bacteria in the intestinal tracts of healthy people are the
obligate anaerobes such as Bacteroides and Bifidobacterium, which can grow only
in an anaerobic environment. The number of facultative anaerobes that can survive
in an aerobic environment, such as Escherichia coli, is less than 1/1000 of the
predominant bacteria. However, in critically condition, the number of gut microbiota
1s reduced, and usually undetectable organisms such as MRSA (methicillin-resistant
Staphylococcus aureus) and fungi can be detected. Quantitative evaluation of the gut
microbiota showed that the total number of total commensal anaerobic bacteria in
the stool was significantly reduced compared with healthy subjects (6). Among the
organic acids in the feces, especially short-chain fatty acids (acetic acid, propionic
acid, and butyric acid) were significantly decreased, and the pH of the feces was also
significantly increased (7).

Comprehensive metagenomic analysis using the 16S ribosomal RNA gene is
indicated the proportion of gut microbiota. There was a marked decrease in the
number of facultative anaerobic bacteria such as Blautia, Faecalibacterium, and
Clostridum in the feces (8). Analysis of the gut microbiota revealed that the total
number of commensal anaerobes and the number of pathogenic bacteria were
most associated with infectious complications and prognosis (9). This suggests the
relevance of treatment that not only reduces pathogenic bacteria with antimicrobial
agents, but also maintains the gut microbiota with probiotics and prebiotics.

3. Stabilization of gut flora and prevention for infectious complications by intestinal
therapy

When 72 patients with sepsis were started on synbiotics (Bifidobacterium breve,
Lactobacillus caset, oligosaccharides) within 3 days of admission, the number of not
only the administered bacteria but also the total bacteria increased significantly
over time (10). In addition, acetic acid, one of the short-chain fatty acids in the
feces, increased significantly during the first week. Regarding with infectious
complications, the incidence of diarrhea (6.3% vs. 27.0%) and ventilator-associated
pneumonia was significantly lower in the treated group (14.3% vs. 48.6%) (treated vs.
not treated; p<0.05). A significant effect on the incidence of diarrhea and ventilator-
associated pneumonia was also reported in meta-analyses in a study of 1127



intubated patients with mechanical ventilators in the ICU (11, 12). It is suggested
that probiotic/synbiotic therapy may modulate the immune response and prevent
complications through gut-lung axis by maintaining the gut microbiota in critically
ill patients (Figure).

4. The effect of fecal microbiota transplantation for refractory diarrhea

Clostridioides difficile infection (CDI) 1s a serious healthcare-associated infection in
Europe and the United States. There are few patients with refractory CDI in Japan
(13). It has been reported that fecal microbiota transplantation (FMT) restored the
dysbiosis the gut microbiota and significantly improved symptoms. As there is a
possibility that diarrhea can be improved not only in CDI patients but also in non-
CDI patients by reconstructing the gut microbiota, we are conducting a clinical study
of fecal microbiota transplantation for refractory diarrheal patients at our center
(JRCTs051220110).





