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  Abstract 
Functional constipation is a disease characterized by difficulty in defecation, 
reduced frequency of defecation, or a feeling of incomplete defecation, and 
does not meet the diagnostic criteria for irritable bowel syndrome. The inci-
dence rate of the disease is high and the treatment is difficult, which seriously 
affects the quality of life of patients. Traditional treatment is mainly based on 
cathartic drugs, but long-term use can cause colon melanosis, intestinal nerve 
function damage, patient drug tolerance, and other issues, and the treatment 
effect is not satisfactory. The pathogenesis of functional constipation is com-
plex, and recent studies have shown that it may be related to intestinal flora 
imbalance, mainly manifested by a decrease in specific anaerobic bacteria and 
an increase in some harmful bacteria and fungi. Fecal bacteria transplantation 
is a new type of special organ transplantation, which promotes intestinal pe-
ristalsis by reconstructing the structure of intestinal flora. This article reviews 
the mechanism of occurrence and development of fecal bacteria transplanta-
tion in the treatment of functional constipation, providing an effective refer-
ence for further clinical application of fecal bacteria transplantation. 
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1. Introduction 

Functional constipation (FC) is one of the common diseases of the digestive system and refers to chronic consti-
pation without metabolic system disorders or structural abnormalities in the intestine, lacking organic causes, and 
excluding irritable bowel syndrome [1]. The diagnosis of functional constipation must meet two or more of the fol-
lowing symptoms: straining to defecate, hard stool, incomplete defecation, feeling of obstruction, and having less 
than 3 times self-defecation movements per week on one's own [2]. With the accelerated pace of life, dietary struc-
ture changes and the influence of mental and psychological factors, the incidence of patients with functional con-
stipation is increasing year by year. According to statistics, the average prevalence of chronic constipation is about 
16% [3]. The prevalence of FC among adults about 4.0%-10.0% in China ranges, with a slightly higher prevalence 
among women than men due to physiological structure, hormone levels and other factors [4]. The prevalence is 
particularly high among elderly patients, with domestic studies showing that the incidence rate is 8.7% in the 60-64 
age group and up to 19.5% in those older than 85 years [5, 6]. It is worth noting that the prevalence of the disease in 
children has also been increasing in recent years [7]. Fecal microbiota transplantation (FMT) is an effective treat-
ment for functional constipation as it extracts functional flora from normal human stool and implants it into the pa-
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tient's intestine to reestablish normal intestinal flora.  

1.1 Normal flora of the intestinal tract 

Microorganisms in the intestinal tract constitute the intestinal microecology, which contains bacteria, pathogens, 
fungi and other microorganisms, which are interdependent and constrained to form a complex and stable dynamic 
balance. The normal adult gastrointestinal system is dominated by anaerobic bacteria, with as many as 400 to 500 
species and a total of 1×1013~1×1014 [8]. The number and species in the small intestine, jejunum, ileum and duode-
num were low, while the number and species in the colon increased, with bifid bacteria and bacilli-like bacteria 
predominating. The human intestinal flora forms 3 biological layers in the intestinal canal: superficial, middle and 
deep. The superficial flora is called the luminal flora and is dominated by aerobic bacteria such as Enterococcus and 
Escherichia coli; The middle layer and deep layer of intestinal mucosa are membrane flora, and the middle layer is 
mainly anaerobic flora such as Eubacterium, E. faecalis, Veronococcus, and Streptococcus digestiveis; the deep 
layer is mainly anaerobic Lactobacillus and Bifidobacterium. 

1.2 Characteristic flora of patients with functional constipation 

There are various factors affecting the composition of intestinal flora in FC patients, and the possible factors are 
mostly abnormalities in the gastrointestinal motility system, abnormal secretion, abnormal microecological envi-
ronment, etc. These factors change the normal intestinal flora of patients and form the characteristic flora of FC 
patients. 

Decreased diversity of intestinal flora [9], specialized anaerobic bacteria, such as bifidobacteria and lactobacilli, 
and increase in pathogenic bacteria [10]. Khalif [11] showed a significant increase in the number of Candida albi-
cans and mycobacteria in the fecal culture of FC patients compared to healthy controls. 

Liu Haining [12] performed bacterial culture and found a significant increase of Clostridium spp. and E. faecalis 
in the stools of children with FC. Normally, these pathogenic bacteria are present in small amounts in the human 
intestine, and under the stimulating effect of disease and other factors, the number of these bacteria can exceed 
normal levels and inhibit the growth of beneficial bacteria such as bifidobacteria. Parthasarathy [13] found an in-
crease in Bacillus spp. in pathological biopsies of the colonic mucosa in patients with constipation, and a relation-
ship between flora and intestinal dynamics was found in animal experiments: Bifidobacterium bifidum, Mycobac-
terium roi and Lactobacillus acidophilus flora promote intestinal motility, and Escherichia spp. inhibit intestinal 
motility. It can be seen that the change of intestinal flora is an important link in the occurrence of CFC, and regu-
lating the intestinal flora to restore it to its original level may be the key to alleviate the patient's symptoms. 

The intestinal flora also has an impact on the degree of dryness and stickiness of the stool, which can aggravate 
the patient's constipation symptoms if the stool is dry and hard to be discharged, and those with sticky stool tend to 
have a sense of incomplete defecation after the stool. It has been found that the bacterial profile of patients with dry 
and hard stools differs from that of patients with sticky stools, with a decrease in beneficial intestinal flora culture 
in patients with dry stools and an abnormal increase in the number of fungi in patients with sticky stools [14]. 

1.3 Mechanism of the role of specific communities in the process of constipation 

Intestinal flora promote gastrointestinal dynamics in the body through substance metabolism, competition for 
occupancy, regulation of immunity and other ways to help the host absorb nutrients and improve constipation 
symptoms [15]. Substance metabolism is the fermentation of undigested and absorbed substances, such as endo-
genous glycoproteins and exogenous carbohydrates, by supplementing the host's digestive enzymes with its own 
enzymes. Digestion produces short-chain fatty acids, which further help the intestine to absorb amino acids, inor-
ganic salts, vitamins and other classes of nutrients. Studies have shown that in patients with intestinal flora disord-
ers, the composition of metabolites also changes, which in turn affects the intestinal digestion and absorption func-
tion and slows down intestinal motility [10]; Competition, occupancy effect, where normal intestinal flora and pa-
thogenic bacteria compete for intestinal nutrients, occupy colonization, form a dominant flora, and prevent patho-
gen invasion; Enhancement of immunity mainly relies on activation of lymphoid tissues in the intestinal mucosa, 
enhancement of phagocytosis, and induction of cytokine secretion by B, T, and phagocytes to enhance immunity. 

Microorganisms in the gut are significantly associated with intestinal dynamics. Husebye [16] showed that small 
intestinal motility was attenuated and intestinal transit time was increased by transplantation of Clostridium per-
fringens to germ-free mice; In contrast, intestinal probiotics such as Lactobacillus transplanted, Lactobacillus mi-
micus, Bacillus faecalis and Bifidobacterium bifidum are effective in reducing intestinal transit time and their me-
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chanism of action is to alter neuromodulators in the enteric nerve, which affects intestinal motility by modulating 
the enteric nervous system. 

2. Fecal transplantation 

As early as the Eastern Jin Dynasty, Ge Hong wrote about the use of human fecal clearing to treat patients with 
food poisoning and diarrhea in his "ZhouhouBeijiPrescription". In the Ming Dynasty, it was also recorded in the 
"Compendium of Materia Medica" compiled by Li Shizhen [17]. In modern medical records, in 1958, fecal trans-
plantation was used to treat four cases of pseudomembranous colitis, three of which were discharged within a few 
days, and only one died of a non-intestinal infection [18]. The US guidelines officially include FMT for the treat-
ment of recurrent CDI in 2013. In 2012, Zhang's team took the lead in initiating several studies to form the FMT 
system in China. 

2.1 Method of fecal bacteria transplantation 

Fecal transplantation is a specific type of organ transplantation [19], which refers to a process in which fecal 
bacteria from a healthy donor are homogenized, filtered, and centrifuged to prepare fresh fecal fluid, lyophilized 
fecal fluid, or frozen fecal capsules that are transferred to the recipient's intestine by oral administration, gastros-
copic orifice, transendoscopic intestinal tube transplantation, colonoscopy, or colonic TET [20]. Increasing the mi-
crobial diversity of the recipient's intestine and re-establishing a normal microbial ecosystem in the recipient's in-
testine. Fecal capsules are easy to apply, but less effective than fecal fluid sprayed directly into the intestinal wall. 
In patients requiring multiple FMT treatments, naso-jejunal tube, mid-gastrointestinal TET and colonic TET im-
plantation have shown significant advantages [21]. Chen Qiyi [22] explored the long-term efficacy of flora trans-
plantation and followed up 3932 patients who received flora transplantation and confirmed the efficacy of FMT in 
treating intestinal flora disorders related to internal and external intestinal diseases with no serious adverse events. 
The adverse reactions of FMT are mostly minor gastrointestinal reactions, which are closely related to the route of 
transplantation. For example, nasogastric tube administration mostly causes nausea and vomiting, while lower ga-
strointestinal tract administration such as colonoscopy, although recognized for its efficacy, is also associated with 
the risk of intestinal perforation and transient adverse reactions such as abdominal pain and diarrhea. 

Petrof [23] discovered a new research direction for FMT by isolating more than 33 strains of bacteria from 
healthy donor feces, preparing a bacterial mixture, and then curing two recurrent Clostridium difficile infections 
through the FMT route, which launched a new research direction for FMT: fecal-artificial combination flora therapy. 
Zhang's invention team linked fecal transplantation to precision medicine, not with a single transplantation or all 
strains contained in feces, but with selective flora transplantation, moving from FMT to selective fecal transplanta-
tion (SMT) [24]. This artificial culture of bacteria and their combination into the optimal ratio and order of magni-
tude of flora ensures the source of flora and allows for more standardized transplantation of fecal artificial combi-
nation flora. The development of new probiotics in accordance with the changes in the recipient flora is also carried 
out to explore more effective treatment options. 

2.2 Mechanism of action of fecal bacteria transplantation 

The mechanism of action of fecal transplantation for FC is not well understood; one theory is that complex flora 
from the donor is reestablished in the recipient intestine, which has been confirmed in the intestinal flora of patients 
who received transplants [25]. A certain amount of infusion of one flora promotes the re-expansion of the recipient's 
flora and makes the recipient's intestinal flora more standardized. The reconstituted intestinal flora inhibits the 
growth of harmful bacteria by occupying their spatial location, and the growth of the reconstituted flora requires the 
consumption of nutrients from the basal tissues to achieve the result of competitive inhibition. In addition to the 
above mechanism, some scholars have studied FMT in the treatment of Clostridium difficile infection and found 
that it inhibits the growth and reproduction of C. difficile by regulating intestinal autoimmunity. FMT produces 
short-chain fatty acids, which can reduce intestinal permeability as a way to reduce the intestinal inflammatory re-
sponse. It has been shown that FMT increased the number and proportion of beneficial bacteria in the FC patients, 
decreased the number of harmful bacteria, and inhibited the growth of harmful bacteria. The increased abundance 
of various beneficial bacteria in the intestine, such as Bifidobacterium spp. in the intestine, also induced the promo-
tion of 5-hydroxytryptamine secretion, accelerated colonic transit, and improved intestinal dynamics [26]. 

There is a complex interaction between microorganisms and the immune regulation of the organism. Stool stays 
too long in the intestine, metabolites of the intestine and cells of pathogens interact with the immune system of the 
organism and affect the function of the intestine [27]. In the process of disease development, the body also has an 
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uncontrollable immune response and inflammatory cascade reaction. Beneficial bacteria can form a natural biolog-
ical barrier on the mucosal surface of the intestine to prevent pathogenic bacteria from adhering to the intestine and 
enhance the body's ability to resist infection, while activating the body's immunity, adjusting the body's endo-
crine-immune function, and restoring intestinal dynamics. FMT has unique advantages in restoring the balance of 
intestinal flora, regulating the body's immunity and reducing the inflammatory response. 

2.3 Clinical efficacy of FMT in the treatment of FC 

FMT is a safe and effective method and is receiving increasing attention from clinicians [28]. The clinical effi-
cacy was confirmed by the Bristol stool form scale (BSFS), the Knowles-eccersley-scott-symptom (KESS) and the 
patient assessment of constipation-quality of life (PAC-QOL). Patients had more than or equal to 3 bowel move-
ments per week after FMT, Bristol stools were sausage-like or soft lumpy in nature, had high PAC-QOL scores, and 
were satisfied with their lives. A retrospective analysis of 276 FC patients who underwent FMT by Li Ning showed 
that the clinical cure rate of constipation was 40.2% and the remission rate was 67.4% [29]. Matsuoka [30] found 
that flora transplantation is effective in the treatment of gastrointestinal disorders including patients with intractable 
constipation. 

The type of FC, the method of transplantation [31], the selection of the fecal source [32, 33], and the intestinal 
microbiota of the recipient all interfere with the efficacy. Short-term FMT treatment is limited in the 
re-establishment of the homeostasis of the transplanted flora [34], and multiple FMT interventions in FC patients 
are beneficial to the consolidation of patients' therapeutic effects, enhancing the residency of beneficial bacteria and 
delaying their apoptosis, so that the intestine gradually forms a beneficial new intestinal environment under the ac-
tion of multiple and regular infusions of flora, which can maintain their therapeutic effects. Zhang Xuelei [35] per-
formed FMT on 49 patients with intractable functional constipation, 25 in the single transplantation group and 24 in 
the staged transplantation group, and the results of the study showed that the difference in clinical efficacy between 
the two groups was not statistically significant at week 4 efficacy statistics compared to before treatment, and the 
degree of improvement in constipation was significantly higher in the staged transplantation group than in the sin-
gle transplantation group at week 8 and 12 after treatment. Therefore, the implementation of FMT should follow the 
principle of early, repeated and regular treatment. There is no uniform standard to regulate the frequency of trans-
plantation and the amount of fecal fluid per transplantation for FMT. Too early transplantation, over-saturation of 
fecal bacteria beyond the tolerance level of the intestine, increased adverse effects, and also increased the financial 
burden of patients. Too late transplantation, the intestinal environment returns to the pre-disease state again, both of 
which are detrimental to the growth of efficacy. 

3. Prospects 

The treatment of functional constipation has always been a difficult problem faced by clinicians, which not only 
affects the physical health of patients, but also produces a series of mental and psychological diseases. In recent 
years, FMT has made many research results in the FC, which undoubtedly gives us a strong injection of heart, and 
more eyes are focused on the field of FMT, and the screening criteria for donors and the operational procedures for 
the preparation of fecal fluid are proposed in the expert consensus opinion meetings in China. The Expert Consen-
sus on the Establishment and Clinical Application of Standardized Methodology for Bacterial Transplantation was 
formulated by the Expert Group of the Chinese Medical Association's Society of Enteral and Parenteral Nutrition 
[36]. In 2015, the Second Affiliated Hospital of Nanjing Medical University, together with the Xijing Gastroenter-
ology Hospital, initiated an emergency relief program to establish a Chinese fecal bacteria bank to establish a pub-
lic welfare emergency platform. FMT has many shortcomings, such as the lack of large sample size and prospective 
clinical studies on the safety and long-term effectiveness of FMT as a new treatment, and the lack of unified stan-
dards for the methodology of FMT at home and abroad, which makes the clinical research findings less referable 
and limits its clinical application. Fecal bacteria transplantation is a new option for disordered intestinal flora dis-
eases that have failed to be treated by traditional means, and has immeasurable research value. It is the future re-
search direction to clarify the characteristic intestinal flora changes and individual differences of FC patients, to 
explore the best way to implement FMT, and to make the treatment of FMT more standardized. 
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