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Dear Editor,

we have recently read “One gut microbiota, Fusobacterium nucleatum aggravates Neo-
natal necrotizing enterocolitis by induction of IRF5 expression through lncRNA ENO1-IT1/
miR-22-3p axis” by Lin et al1 that was published in the European Review for Medical and 
Pharmacological Sciences. The topic is quite interesting because of the clinical level impli-
cations the results of this study may have regarding new prospects for therapeutic treat-
ment for necrotizing enterocolitis (NEC). Necrotizing enterocolitis (NEC) is a serious inflam-
matory bowel disease of the newborn that recognizes a multifactorial etiopathogenesis. 
Prematurity, low birth weight, intestinal hypoxic-ischemic insult, enteral feeding with for-
mulas and intestinal colonization by pathogenic bacteria, represent the main risk factors 
that predispose the newborn to this pathology2,3. The importance of bacterial colonization 
in the development of NEC was recognized by Santulli et al4 as early as 1975. Though only 
recently, studies3 regarding the genomic sequencing of the gut microbiota have made it 
possible to confirm the significant role bacterial colonization plays in the development of 
this pathology. In fact, some studies4,5 have shown the fundamental role of bacteria in its 
pathogenesis as germ-free mice do not develop NEC. The studies published so far have 
shown a state of intestinal dysbiosis characterized by a generalized microbial imbalance of 
the gut microbiota since clear evidence of the involvement of a specific bacterial species 
are still lacking6,7. A specific pathogenic bacterial species that satisfied Koch’s postulate 
in the development of NEC could not be identified because of the reduced biodiversity 
and significant individual differences of the gut microbiota during the first years of the 
child’s life. Recently, a meta-analysis by Pammi et al8 showed a significant alteration of the 
biodiversity of the gut microbiota in subjects with NEC that was characterized by a higher 
relative abundance of Proteobacteria and decreased relative abundance of Firmicutes and 
Bacteroidetes. Studies8-10 have shown that the specific gut microbiota profile depended on 
the age of the subject at the onset of the disease. Infants who develop NEC early (within 10 
days of life) have shown a dominance of the Firmicutes phylum, in particular the Clostrid-
ia class. Concurrent with this increase in Firmicutes, a decrease in Gammaproteobacteria 
was observed in these early onset cases. Late-onset NEC (after 10 days of life) has been 
associated with an increase in Gammaproteobacteria with an associated decrease in Fir-
micutes (especially Negativicutes)11. According to the various authors of these studies, the 
presence of intestinal dysbiosis in patients with NEC seems to be responsible for inducing 
inflammation of the intestinal mucosa due to an excessive response of Toll like receptors 
4 (TLR4) to lipopolysaccharides (LPS) of pathogenic intestinal bacteria. TLR4 is, in fact, up-
regulated in the premature gut compared to the gut of the term newborn12. The intestinal 
colonization by numerous gram-negative bacteria would be responsible for the excessive 
activation of TLR4 with consequent inflammatory cascade due to the hyperactivation of 
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the nuclear factor Kappa-b, which is involved in the transcription of various pro-inflamma-
tory cytokines and chemokines, an increase in apoptosis of enterocytes and impairment of 
mucosal healing13,14. Recently, Hui et al15 have demonstrated increased TLR4 expression and 
increased pro-inflammatory cytokines in resected intestinal samples from 28-29-week-old 
infants with NEC. Furthermore, bacterial translocation through the intestinal mucosa acti-
vates TLR4 on the endothelium of the intestinal vascular system, resulting in reduced blood 
flow and the development of intestinal ischemia and necrosis16. The study you published 
undoubtedly represents a major step forward in the research on this matter as it confirms 
on one hand, the correlation between intestinal dysbiosis, mucosal inflammation and nec-
rotizing enterocolitis and on the other hand, demonstrates for the first time the existence 
of a potential specific bacterial fingerprint represented by the increased presence of Fuso-
bacterium nucleatum (FN) related to the onset of NEC. Previous work has already shown 
that FN – an opportunistic anaerobic Gram-negative microorganism that is ubiquitous in 
the oral cavity and implicated in periodontal disease – can spread to other sites in the 
body17. Evidence shows that fusobacteria from the oral cavity can translocate, for example, 
to the colon by descending through the digestive tract, or by using the hematogenous 
pathway during frequent transient bacteremia caused by chewing, daily hygiene activities 
or dental procedures18. There is also significant evidence19-22 that shows FN can generate 
a pro-inflammatory environment in the intestine by promoting the proliferation of colon 
cancer (CRC) cells FN has also been isolated from the amniotic cavity, the placenta and the 
chorioamniotic membranes of women who give birth prematurely and its presence has 
been correlated to a high prevalence of intrauterine infection23-26. Recent studies27,28 have 
examined the association between FN and preterm birth, emphasizing the ability of FN to 
disseminate throughout the body by adhering to, and invading, the endothelium through 
the link with vascular endothelial cadherin (VE) (CDH5). The pathogen’s ability to colonize 
the placenta can be determined by its ability to adhere to and invade the host’s epithelial 
and endothelial cells via adhesin FadA, a virulence factor, which may be involved in the 
pathogenesis of intrauterine infection29. Classically, the fetal environment was considered 
sterile. However, recent studies suggest that colonization of the gastrointestinal tract may 
have already begun in utero. Therefore, it can be hypothesized that FN could colonize the 
fetal-placental environment during intrauterine development and be responsible for NEC 
in preterm infants. Considering the results of your study, in the future it could be useful to 
conduct research of the oral and gut microbiota of pregnant women for the presence of 
FN, especially if the women are suffering from periodontal disease. It also seems suitable 
that future prevention and treatment of NEC could also include the manipulation of the 
gut microbiota through probiotics, prebiotics and fecal microbiota transplantation in or-
der to correct intestinal dysbiosis, in particular the increased presence of FN. 
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Chaushu S, Israeli E, Mandelboim O, Garrett WS, Bachrach G. Colon cancer associated Fusobacterium nu-
cleatum may originate from the oral cavity and reach colon tumors via the circulatory system. Front Cell Infect 
Microbiol 2020; 10: 400-412. 

20)	 Pino A, De Angelis M, Chieppa M, Caggia C, Randazzo CL. Gut microbiota, probiotics and colorectal cancer: 
a tight relation. WCRJ 2020; 7: e1456 

21)	 Garau V, Casu C, Nardi GM, Denotti G, Orrù G. Letter to the Editor – Oral microbiota, health and cancer: the 
dual face of the same coin in the field of the host-microbe interactome. WCRJ 2021; 8: e2075. 

22)	 Romeo M. Oncobiome and personalized cancer medicine: myth or reality? WCRJ 2021; 8: e2055
23)	 Borgo PV, Rodrigues VA, Feitosa AC, Xavier KC, Avila-Campos MJ. Association between periodontal condi-

tion and subgingival microbiota in women during pregnancy: A longitudinal study. J Appl Oral Sci 2014; 22: 
528-533. 

24)	 Machado FC, Cesar DE, Apolônio AC, Ribeiro LC, Ribeiro RA. Longitudinal study on clinical and microbial 
analysis of periodontal status in pregnancy. Braz Oral Res 2016; 30: e87. 

25)	 Han YW. Fusobacterium nucleatum: A commensal-turned pathogen. Curr Opin Microbiol 2015; 23: 141-147. 
26)	 Han YW, Redline RW, Li M, Yin L, Hill GB, McCormick TS. Fusobacterium nucleatum induces premature and 

term stillbirths in pregnant mice: Implication of oral Bacteria in preterm birth. Infect Immun 2004; 72: 2272-
2279. 



M. Romeo

6170

27)	 Coppenhagen-Glazer S, Sol A, Abed J, Naor R, Zhang X, Han YW, Bachrach G. Fap2 of Fusobacterium nu-
cleatum is a galactose-inhibitable adhesin involved in coaggregation, cell adhesion, and preterm birth. Infect 
Immun 2015; 83: 1104-1113. 

28)	 Mikamo H, Kawazoe K, Sato Y, Imai A, Tamaya T. Preterm labor and bacterial intraamniotic infection: Ara-
chidonic acid liberation by phospholipase A2 of Fusobacterium nucleatum. Am J Obstet Gynecol 1998; 179: 
1579-1582. 

29)	 Jimenez E, Marın ML, Martın R, Odriozola JM, Olivares M, Xaus J, Fernandez L, Rodrıguez JM. Is meconi-
um from healthy newborns actually sterile? Res Microbiol 2008; 159: 187-193.

M. Romeo 

Department of Biology and Biotechnology, University of Pavia, Pavia, Italy


