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Fusobacterium necrophorum is a Gram-negative, strictly anaerobic bacterium
associated with necrotic infections in animals and humans. The bacterium is an
opportunistic and primary pathogen that causes liver abscess, footrot, and laryngeal
infections in cattle. Liver abscess in cattle is reported at 20.7% annually, leading to
liver condemnation and economic burden to the feedlot industry. Antibiotics are the
mainstay for treatment; however, the reports of antibiotic resistance and demand
for antibiotic-free, natural and organic beef have demanded alternative therapies
and preventatives. Hence, developing an effective vaccine is essential to control
infections and economic loss to the cattle industry. Currently, there is no licensed
vaccine to prevent liver abscesses in cattle. A number of virulence factors for F
necrophorum have been explored in the past for vaccine development. Each one has
some advantages and disadvantages concerning immunogenicity and protective effect.
The review summarizes vaccine candidates explored in the past, mainly focusing on
E necrophorum. The review also connects some concepts related to virulence factors
found in F necrophorum and how it could be a promising vaccine candidate based on
the studies done in other Gram-negatives.

Mini Review

Fusobacterium necrophorum, a Gram-negative anaerobic

with cattle liver abscesses. Biotype A, subspecies necrophorum,
and Biotype B, subspecies funduliforme, vary in cell morphology,

bacillus, is an opportunistic pathogen isolated from oral cavities,
gastrointestinal and genitourinary tracts of humans and animals
[1,2]. The bacterium is associated with Lemierre’s syndrome
affecting young and healthy individuals and necrotic infections in
hepatic, abdominal, and respiratory organs in animals [3,4]. The
bacteria are primary causative agents of liver abscess, foot rot, and
calf diphtheria, sometimes in mixed infections with other bacteria
such as Trueperella pyogenes and Porphyromonas species [5,6]. E
necrophorum has been classified into four biotypes: A, B, AB, and C
[7]. Biotypes A and B are of veterinary importance and associated

colony characteristics, virulence capacity, virulence factors, 16s
rRNA sequences, and DNA gyrase B subunit [7,8]. The subspecies
necrophorum is more virulent and frequently isolated than the
subspecies funduliforme, and is the primary causative agent in liver
abscesses [9]. Annually, the rate of incidence of liver abscess in
feedlot cattle is 10-20% [10].

Generally, the incidence is higher in cattle fed with high grain-
based diets where the progression occurs from chronic acidosis
and rumenitis to liver abscess [11]. The National Beef Quality
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Report 2016 has reported a liver abscess rate of 20.7%, causing
liver condemnation [12]. Thus, this infection and search for a
cure have been of economic importance in the feedlot industry.
So far, the antibiotics such as tylosin-phosphate and virginiamycin
have been approved as antimicrobial feed additives to control
liver abscesses [13]. More generally, with the potential threat of
antimicrobial resistance [14], new approaches and preventive
strategies are needed, including vaccination. There is no successful
vaccine against E necrophorum, which has pointed out the need to
investigate different vaccine candidates. This mini-review provides
an overview of different vaccine candidates investigated in the past
and other virulence factors that could be explored as a promising
target for a vaccine.

Lipopolysaccharide (LPS) and Hemagglutinin

E necrophorum has several virulence factors, including
leukotoxin, lipopolysaccharides (LPS), hemolysin, hemagglutinin,
outer membrane adhesins, extracellular proteases, and other
enzymes. [1,9,15-17]. Currently, the focus has been looking into
proteins as vaccine candidates, mainly surface proteins (LPS),
membrane proteins (OMPs and OMVs), and secreted proteins
(hemolysins).

E necrophorum lipopolysaccharide and hemagglutinin plays
a crucial role in disease pathogenesis. LPS can induce endothelial
cell injury, toxic hepatitis and has anti-phagocytic property,
thus indicating its role in eliciting an immune response [18,19].
Similarly, haemagglutinin of F necrophorum has the ability to
agglutinate chicken, human RBCs, and bovine platelets. Kanoe
and Yamanaka reported that antisera specific for hemagglutinin
reduced bacterial adherence and platelets aggregation, indicating
the role of haemagglutinin in the bacterial attachment during the
initial stages of abscess formation [20,21]. However, the protective
functions of LPS and hemagglutinin have not been reported.

Exotoxins: Hemolysin and Leukotoxin

Leukotoxins are critical virulence factors involved in the
pathogenesis of anaerobic infection. In E necrophorum, leukotoxin
plays a significant role in the pathogenesis of bovine liver abscesses.
Its production is directly proportional to the severity of abscesses
in cattle [22]. Leukotoxin induces cellular activation and apoptosis
of bovine leukocytes for inflammation modulation [15]. Studies
have demonstrated that recombinant leukotoxoid challenge in a
mouse model induced good immune protection [1].

Similarly, another virulence factor that has a role in the
pathogenesis of F necrophorum is hemolysin. Iron acquisition
is required for bacterial colonization and is critical for invasive
infections such as liver abscess. Studies show that the production

of hemolysin helps in successful colonization of F necrophorum

during infection by iron acquisition mechanism- a key role in

pathogenesis [23].

The fact about the co-existence of F necrophorum with T.
pyogenes in liver abscesses in cattle is well documented in the
literature. This symbiotic relation is mediated through pathogenic
synergy between these two pathogens where T. pyogenes creates
an anaerobic environment for the initial establishment of E
necrophorum. In turn, E necrophorum produces leukotoxin to
protect T. pyogenes from phagocytosis [24]. A study was conducted
to examine the combination of leukotoxoids of F. necrophorum and
bacterin of T pyogenes [25]. However, the vaccine was only effective
in low prevalence settings because of the biases related to the pen
effect and antibiotics effect on recurrent infections in the studied

group.

T pyogenesis also found in mixed infections with other anaerobes
such as Clostridium perfringens. A study conducted in a mouse
model showed that pyolysin of T pyogenes and phospholipase C of
Clostridium perfringens, when used in combination, was effective in
immuno-protection and reduced infections in mice challenged with
T pyogenes or Clostridium perfringens [26-28]. Based on the studies
mentioned above, evaluating pyolysin and leukotoxin/ hemolysin

combinations would be a possible combination to explore.
Outer Membrane Proteins (OMP)

OMPs of Gram-negative bacteria serve as a barrier for any toxic
materials entering the bacterial cell. The OMPs are associated with
host-bacteria interaction, adhesion, and induction of protective
immunity [29]. Like other Gram-negative bacteria, the primary
infection in E necrophorum commences by attachment to the
epithelial and endothelial cells of the liver and ruminal wall [17,
30] The attachment is facilitated by different adhesins and toxins,
causing colonization and establishment in the liver parenchyma to
cause an abscess [9,31]. Studies show that after the rumen entry,
E necrophorum enters through aggravated regions of the ruminal
surface and enters portal circulation. Once trapped in the liver, it
causes abscesses [11]. The OMPs of E necrophorum facilitate direct
interactions with the host and likely contain important constituents
involved during infection, transmission, and survival, including
putative vaccine candidates [17,32]. Therefore, a multivalent
vaccine including OMPs and leukotoxin has been proposed in the
past.

Previous studies identified adhesins that could have a potential
role in the attachment of E necrophorum to the host cells. Kumar et
al.,, 2013 identified four adhesins (17kDa, 24kDa, 40kDa, and 74kDa)
with high binding affinity to bovine adrenal gland endothelial cell
line (EJG), in-vitro. Later, one of these adhesins was characterized
as 42.4 kDa OMP FomA. [32]. FomA has been characterized in E
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nucleatum and E periodonticum as well. Based on the N-terminal
sequences, FomA protein in F necrophorum has 96% homology
with FomA of E nucleatum [32]. This protein is immunogenic and
plays a role in the attachment of bacteria to the host cells [33].
The FomA protein in F nucleatum is TLR2 and voltage-dependent
porin [34]. FomA is involved in NF-kB, regulating genes responsible
for host immune response. The activation of NF-kB is through
TLR2 dependent fashion [35], thus indicating FomA could trigger
host immune response. These studies suggest that FomA could
be a potential vaccine candidate for controlling F necrophorum
infections. However, detailed research on the mechanism of action
and receptors is necessary to understand the virulence mechanism

of FomA in F necrophorum.

FadA (13.6 kDa) is another membrane protein extensively
studied for its role in the adhesion, invasion, and colonization of E
nucleatum in the host body [36,37]. FadA interacts with the vascular
endothelial cadherin causing endothelial impermeability to allow
the bacteria to cross through the tight junction of endothelium and
proliferate to cause infections [38]. Moreover, many studies have
suggested FadA adhesion is significant in inducing inflammation
and suppressing host immunity by modulating the E-cadherin/f3-

catenin pathway leading to colorectal cancer (CRC) [39].
OmpA and OmpH Family Protein

OmpA is studied for its membrane-associated pathogenicity
[40,41].
OmpA family proteins are attached to peptidoglycan layer (via

and biofilm formation in Gram-negative bacteria
diaminopimelic acid) with the conserved domain at the C terminus.
[42]. These proteins are known for their role at different stages
during infections, such as interfering with the complement system,
adhesion to the host cell, and mediating biofilm formation in
several Gram-negative pathogens such as Pseudomonas, Escherichia
coli, and Acinetobacter baumannii [43]. OmpA also helps in the
intracellular survival of bacterial pathogens [44-47].

OmpH, a structural component of OMP in Gram-negative
bacteria, is closely related to the family of porins [48]. Immune
efficacy of OmpH based vaccines preparation has been studied
in bacterial species such as Pasteurella multocida. The OmpH
based vaccine has been used for protecting swamp buffaloes from
hemorrhagic septicemia in South Asian countries. [49]. OmpH
has other functions as well such as in Pseudomonas aeruginosa, it
provides stability to the outer membrane through interaction with
lipopolysaccharide [50].

Hence, exploring and identifying these different OMP family
proteins in F necrophorum and their role in adhesion and inducing
protective immunity during liver abscesses in cattle could be

exploited to study their protective function and vaccine potential.

Outer Membrane Vesicles (OMVs)

Outer membrane vesicles (OMVs) are spherical, membrane-
enclosed nanostructures released during bacterial growth. These
nanostructures are composed of periplasmic proteins, toxins and
sometimes genetic materials [51]. The OMVs play an important
role in transporting toxins into the host cell and modulating
the host immune reponse [51,52]. Therefore, OMVs, as efficient
vaccine candidates, have received significant attention. In most
cases, OMVs are shown to positively minimize infections in animal
models [53,54]. The OMV based vaccine is successfully approved
for Neisseria meningitidis and is currently the only licensed vaccine
in humans [55,56]. OMV has also been studied as a targeted drug
delivery vehicle and vaccine adjuvants [57,58]. OMVs are identified
in Fusobacterium species, including F nucleatum [59]. The OMVs
of E nucleatum have modulated the innate immune response by
promoting inflammation [35,60]. Based on the proteomics analysis,
OMPs serve as the significant components of OMVs.

Conclusion

OMPs and OMVs could be potential vaccine candidates to
control F necrophorum infections in cattle based on the virulence
and immunomodulatory role observed in different bacterial
species, including Fusobacterium species. Therefore, identifying and
characterizing these OMPs and OMV components in F necrophorum

could widen the area to explore and develop an effective vaccine.
Funding

The work was supported by the Department of Comparative
Pathobiology, College of Veterinary Medicine, Purdue University
(USA).

Conflict of Interest
The authors declare no conflict of interest.

References

1. Narayanan SK, Chengappa MM, Stewart GC, Nagaraja TG (2003)
Immunogenicity and protective effects of truncated recombinant
leukotoxin proteins of Fusobacterium necrophorum in mice. Vet
Microbiol 93(4): 335-347.

2. Johannesen KM, Kolekar SB, Greve N, Nielsen XC, Barfod TS, et al.
(2018) Differences in mortality in Fusobacterium necrophorum and
Fusobacterium nucleatum infections detected by culture and 16S rRNA
gene sequencing. Eur ] Clin Microbiol Infect Dis 38: 75-80.

3. Riordan T (2007) Human infection with Fusobacterium necrophorum
(Necrobacillosis), with a focus on Lemierre’s syndrome. Clin Microbiol
Rev 20(4): 622-659.

4. Zhang F, Nagaraja TG, George D, Stewart GC (2006) The two major
subspecies of Fusobacterium necrophorum have distinct leukotoxin
operon promoter regions. Vet Microbiol 112(1): 73-78.

5. Nagaraja TG, Narayanan SK, Stewart GC, Chengappa MM (2005)
Fusobacterium necrophorum infections in animals: Pathogenesis and

Copyright@ Sanjeev K Narayanan | Biomed ] Sci & Tech Res | BJSTR. MS.ID.006752.

33631


https://dx.doi.org/10.26717/BJSTR.2022.42.006752
https://pubmed.ncbi.nlm.nih.gov/12713895/
https://pubmed.ncbi.nlm.nih.gov/12713895/
https://pubmed.ncbi.nlm.nih.gov/12713895/
https://pubmed.ncbi.nlm.nih.gov/12713895/
https://link.springer.com/article/10.1007/s10096-018-3394-4
https://link.springer.com/article/10.1007/s10096-018-3394-4
https://link.springer.com/article/10.1007/s10096-018-3394-4
https://link.springer.com/article/10.1007/s10096-018-3394-4
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC2176048/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC2176048/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC2176048/
https://pubmed.ncbi.nlm.nih.gov/16303263/
https://pubmed.ncbi.nlm.nih.gov/16303263/
https://pubmed.ncbi.nlm.nih.gov/16303263/
https://pubmed.ncbi.nlm.nih.gov/16701574/
https://pubmed.ncbi.nlm.nih.gov/16701574/

Volume 42- Issue 3

DOI: 10.26717/BJSTR.2022.42.006752

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

pathogenic mechanisms. Anaerobe 11(4): 239-246.

Scanlan CM, Hathcock TL (1983) Bovine rumenitis - liver abscess
complex: a bacteriological review. Cornell Vet 73(3): 288-297.

Nicholson LA, Morrow CJ, Corner LA, Hodgson ALM (1994) Phylogenetic
relationship of Fusobacterium necrophorum A, AB, and B biotypes
based upon 16S rRNA gene sequence analysis. Int ] Syst Bacteriol 44(2):
315-319.

Narayanan SK, Nagaraja TG, Okwumabua O, Staats ], Chengappa MM, et
al. (1997) Ribotyping to compare Fusobacterium necrophorum isolates
from bovine liver abscesses, ruminal walls, and ruminal contents. Appl
Environ Microbiol 63(12): 4671-4678.

Nagaraja TG, Narayanan SK, Stewart GC, Chengappa MM (2005)
Fusobacterium necrophorum infections in animals: Pathogenesis and
pathogenic mechanisms. Anaerobe 11(4): 239-246.

Amachawadi RG, Tom WA, Hays MP, Fernando SC, Hardwidge PR, et al.
(2021) Bacterial community analysis of purulent material from liver
abscesses of crossbred cattle and Holstein steers fed finishing diets with
or without tylosin. ] Anim Sci 99(4).

Tadepalli S, Narayanan SK, Stewart GC, Chengappa MM, Nagaraja TG
(2009) Fusobacterium necrophorum: A ruminal bacterium that invades
liver to cause abscesses in cattle. Anaerobe 15(1-2): 36-43.

Harris MK, Eastwood LC, Boykin CA, Arnold AN, Gehring KB, et al.
(2018) National Beef Quality Audit-2016: Assessment of cattle hide
characteristics, offal condemnations, and carcass traits to determine the
quality status of the market cow and bull beef industry. Transl Anim Sci
2(1): 37-49.

Nagaraja TG, Sun Y, Wallace N, Kemp KE, Parrott CJ (1999) Effects
of tylosin on concentrations of Fusobacterium necrophorum and
fermentation products in the rumen of cattle fed a high-concentrate diet.
Am ] Vet Res 60(9): 1061-1065.

Miiller HC, Van Bibber-Krueger CL, Ogunrinu O], Amachawadi RG,
Scott HM, et al. (2018) Effects of intermittent feeding of tylosin
phosphate during the finishing period on feedlot performance, carcass
characteristics, antimicrobial resistance, and incidence and severity of
liver abscesses in steers. ] Anim Sci 96(7): 2877-2885.

Narayanan S, Stewart GC, Chengappa MM, Willard L, Shuman W, et al.
(2002) Fusobacterium necrophorum leukotoxin induces activation and
apoptosis of bovine leukocytes. Infect Immun 70(8): 4609-4620.

Tadepalli S, Stewart GC, Nagaraja TG, Narayanan SK (2008) Leukotoxin
operon and differential expressions of the leukotoxin gene in bovine
Fusobacterium necrophorum subspecies. Anaerobe 14(1): 13-18.

Kumar A, Gart E, Nagaraja TG, Narayanan S (2013) Adhesion of
Fusobacterium necrophorum to bovine endothelial cells is mediated by
outer membrane proteins. Vet Microbiol 162(2-4): 813-818.

Kanoe M, Kiritani M, Inoue M (1995) Local skin reaction in mice and
guinea pigs induced by a single intradermal inoculation of Fusobacterium
necrophorum lipopolysaccharide. Microbios 81(327): 93-101.

Nakajima Y, Nakamura K, Takeuchi S (1985) Effects of the Components of
Fusobacterium necrophorum in Experimental Liver Abscess Formation
in Mice. Jpn ] Vet Sci 47(4): 589-595.

Kanoe M, Yamanaka M (1989) Bovine platelet aggregation by
Fusobacterium necrophorum. ] Med Microbiol 29(1): 13-17.

Kanoe M, Iwaki K (1987) Adherence of Fusobacterium necrophorum to
bovine ruminal cells. ] Med Microbiol 23(1): 69-73.

Pillai DK, Amachawadi RG, Baca G, Narayanan SK, Nagaraja TG (2021)
Leukotoxin production by Fusobacterium necrophorum strains in
relation to severity of liver abscesses in cattle. Anaerobe 69: 102344.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Amoako KK, Goto Y, Misawa N, Xu DL, Shinjo T (1998) The
erythrocyte receptor for Fusobacterium necrophorum hemolysin:
phosphatidylcholine as a possible candidate. FEMS Microbiol Lett
168(1): 65-70.

Takeuchi S, Nakajima Y, Hashimoto K (1983) Pathogenic synergism of
Fusobacterium necrophorum and other bacteria in formation of liver
abscess in BALB/c mice. Japanese ] Vet Sci 45(6): 775-781.

Jones G, Jayappa H, Hunsaker B, Sweeney D, Rapp Gabrielson V, et al.
(2004) Efficacy of an Arcanobacterium pyogenes Fusobacterium
necrophorum bacterin-toxoid as an aid in the prevention of liver
abscesses in feedlot cattle. Bov Pract 38(1): 36-44.

Jost BH, Songer ]G, Billington S] (1999) An Arcanobacterium
(Actinomyces) pyogenes mutant deficient in production of the pore-
forming cytolysin pyolysin has reduced virulence. Infect Immun 67(4):
1723-1728.

Hu Y, Zhang W, Bao J, Wu Y, Yan M, et al. (2016) A chimeric protein
composed of the binding domains of Clostridium perfringens
phospholipase C and Trueperella pyogenes pyolysin induces partial
immunoprotection in a mouse model. Res Vet Sci 107: 106-115.

Huang T, Song X, Jing J, Zhao K, Shen Y, et al. (2018) Chitosan-
DNA nanoparticles enhanced the immunogenicity of multivalent
DNA vaccination on mice against Trueperella pyogenes infection. ]
Nanobiotechnology 16(8): 1-15.

Sharma A, Yadav SP, Sarma D, Mukhopadhaya A (2022) Modulation of
host cellular responses by gram-negative bacterial porins. Adv Protein
Chem Struct Biol 128: 35-77.

Tan ZL, Nagaraja TG, Chengappa MM (1996) Fusobacterium
necrophorum infections: virulence factors, pathogenic mechanism and
control measures. Vet Res Commun 20(2): 113-140.

Li ], Clinkenbeard KD, Ritchey JW (1999) Bovine CD18 identified as a
species specific receptor for Pasteurella haemolytica leukotoxin. Vet
Microbiol 67(2): 91-97.

Kumar A, Menon S, Nagaraja TG, Narayanan S (2015) Identification of
an outer membrane protein of Fusobacterium necrophorum subsp.
necrophorum that binds with high affinity to bovine endothelial cells.
Vet Microbiol 176(1-2): 196-201.

Menon S, Pillai DK, Narayanan S (2018) Characterization of
Fusobacterium necrophorum subsp. necrophorum outer membrane
proteins. Anaerobe 50: 101-105.

Toussi DN, Liu X, Massari P (2012) The FomA porin from Fusobacterium
nucleatum is a toll-like receptor 2 agonist with immune adjuvant activity.
Clin Vaccine Immunol 19(7): 1093-1101.

Martin-Gallausiaux C, Malabirade A, Habier ], Wilmes P (2020)
Fusobacterium nucleatum Extracellular Vesicles Modulate Gut Epithelial
Cell Innate Immunity via FomA and TLR2. Front Immunol 11: 583644.

Han YW, Ikegami A, Rajanna C, Kawsar HI, Zhou Y, et al. (2005)
Identification and characterization of a novel adhesin unique to oral
fusobacteria. ] Bacteriol 187(15): 5330-5340.

LiuP, LiuY,Wang],GuoY,ZhangY, etal. (2014) Detection of Fusobacterium
nucleatum and fadA adhesin gene in patients with orthodontic gingivitis
and non-orthodontic periodontal inflammation. PLoS One 9(1): e85280.

Fardini Y, Wang X, Témoin S, Nithianantham S, Lee D, et al. (2011)
Fusobacterium nucleatum adhesin FadA binds vascular- endothelial
cadherin and alters endothelial integrity. Mol Microbiol 82(6): 1468-
1480.

Guo P, Tian Z, Kong X, Yang L, Shan X, et al. (2020) FadA promotes
DNA damage and progression of Fusobacterium nucleatum-induced
colorectal cancer through up-regulation of chk2. ] Exp Clin Cancer Res

Copyright@ Sanjeev K Narayanan | Biomed ] Sci & Tech Res | BJSTR. MS.ID.006752.

33632


https://dx.doi.org/10.26717/BJSTR.2022.42.006752
https://pubmed.ncbi.nlm.nih.gov/16701574/
https://pubmed.ncbi.nlm.nih.gov/6349929/
https://pubmed.ncbi.nlm.nih.gov/6349929/
https://pubmed.ncbi.nlm.nih.gov/8186096/
https://pubmed.ncbi.nlm.nih.gov/8186096/
https://pubmed.ncbi.nlm.nih.gov/8186096/
https://pubmed.ncbi.nlm.nih.gov/8186096/
https://pubmed.ncbi.nlm.nih.gov/9406386/
https://pubmed.ncbi.nlm.nih.gov/9406386/
https://pubmed.ncbi.nlm.nih.gov/9406386/
https://pubmed.ncbi.nlm.nih.gov/9406386/
https://pubmed.ncbi.nlm.nih.gov/16701574/
https://pubmed.ncbi.nlm.nih.gov/16701574/
https://pubmed.ncbi.nlm.nih.gov/16701574/
https://academic.oup.com/jas/article-abstract/99/4/skab076/6161324
https://academic.oup.com/jas/article-abstract/99/4/skab076/6161324
https://academic.oup.com/jas/article-abstract/99/4/skab076/6161324
https://academic.oup.com/jas/article-abstract/99/4/skab076/6161324
https://pubmed.ncbi.nlm.nih.gov/18595747/
https://pubmed.ncbi.nlm.nih.gov/18595747/
https://pubmed.ncbi.nlm.nih.gov/18595747/
https://academic.oup.com/tas/article/2/1/37/4820337
https://academic.oup.com/tas/article/2/1/37/4820337
https://academic.oup.com/tas/article/2/1/37/4820337
https://academic.oup.com/tas/article/2/1/37/4820337
https://academic.oup.com/tas/article/2/1/37/4820337
https://pubmed.ncbi.nlm.nih.gov/10490072/
https://pubmed.ncbi.nlm.nih.gov/10490072/
https://pubmed.ncbi.nlm.nih.gov/10490072/
https://pubmed.ncbi.nlm.nih.gov/10490072/
https://pubmed.ncbi.nlm.nih.gov/29718254/
https://pubmed.ncbi.nlm.nih.gov/29718254/
https://pubmed.ncbi.nlm.nih.gov/29718254/
https://pubmed.ncbi.nlm.nih.gov/29718254/
https://pubmed.ncbi.nlm.nih.gov/29718254/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC128195/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC128195/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC128195/
https://pubmed.ncbi.nlm.nih.gov/17988899/
https://pubmed.ncbi.nlm.nih.gov/17988899/
https://pubmed.ncbi.nlm.nih.gov/17988899/
https://pubmed.ncbi.nlm.nih.gov/23153522/
https://pubmed.ncbi.nlm.nih.gov/23153522/
https://pubmed.ncbi.nlm.nih.gov/23153522/
https://pubmed.ncbi.nlm.nih.gov/7476558/
https://pubmed.ncbi.nlm.nih.gov/7476558/
https://pubmed.ncbi.nlm.nih.gov/7476558/
https://www.jstage.jst.go.jp/article/jvms1939/47/4/47_4_589/_article
https://www.jstage.jst.go.jp/article/jvms1939/47/4/47_4_589/_article
https://www.jstage.jst.go.jp/article/jvms1939/47/4/47_4_589/_article
https://pubmed.ncbi.nlm.nih.gov/2657068/
https://pubmed.ncbi.nlm.nih.gov/2657068/
https://pubmed.ncbi.nlm.nih.gov/3820273/
https://pubmed.ncbi.nlm.nih.gov/3820273/
https://www.sciencedirect.com/science/article/abs/pii/S1075996421000275
https://www.sciencedirect.com/science/article/abs/pii/S1075996421000275
https://www.sciencedirect.com/science/article/abs/pii/S1075996421000275
https://pubmed.ncbi.nlm.nih.gov/9812364/
https://pubmed.ncbi.nlm.nih.gov/9812364/
https://pubmed.ncbi.nlm.nih.gov/9812364/
https://pubmed.ncbi.nlm.nih.gov/9812364/
https://www.cabi.org/ISC/abstract/19842239964
https://www.cabi.org/ISC/abstract/19842239964
https://www.cabi.org/ISC/abstract/19842239964
https://journals.tdl.org/bovine/index.php/bovine/article/view/1696
https://journals.tdl.org/bovine/index.php/bovine/article/view/1696
https://journals.tdl.org/bovine/index.php/bovine/article/view/1696
https://journals.tdl.org/bovine/index.php/bovine/article/view/1696
https://pubmed.ncbi.nlm.nih.gov/10085010/
https://pubmed.ncbi.nlm.nih.gov/10085010/
https://pubmed.ncbi.nlm.nih.gov/10085010/
https://pubmed.ncbi.nlm.nih.gov/10085010/
https://pubmed.ncbi.nlm.nih.gov/27473983/
https://pubmed.ncbi.nlm.nih.gov/27473983/
https://pubmed.ncbi.nlm.nih.gov/27473983/
https://pubmed.ncbi.nlm.nih.gov/27473983/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5787914/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5787914/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5787914/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5787914/
https://www.sciencedirect.com/science/article/abs/pii/S1876162321000808
https://www.sciencedirect.com/science/article/abs/pii/S1876162321000808
https://www.sciencedirect.com/science/article/abs/pii/S1876162321000808
https://pubmed.ncbi.nlm.nih.gov/8711893/
https://pubmed.ncbi.nlm.nih.gov/8711893/
https://pubmed.ncbi.nlm.nih.gov/8711893/
https://pubmed.ncbi.nlm.nih.gov/10414364/
https://pubmed.ncbi.nlm.nih.gov/10414364/
https://pubmed.ncbi.nlm.nih.gov/10414364/
https://pubmed.ncbi.nlm.nih.gov/25601800/
https://pubmed.ncbi.nlm.nih.gov/25601800/
https://pubmed.ncbi.nlm.nih.gov/25601800/
https://pubmed.ncbi.nlm.nih.gov/25601800/
https://pubmed.ncbi.nlm.nih.gov/29408599/
https://pubmed.ncbi.nlm.nih.gov/29408599/
https://pubmed.ncbi.nlm.nih.gov/29408599/
https://pubmed.ncbi.nlm.nih.gov/22623652/
https://pubmed.ncbi.nlm.nih.gov/22623652/
https://pubmed.ncbi.nlm.nih.gov/22623652/
https://www.frontiersin.org/articles/10.3389/fimmu.2020.583644/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.583644/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.583644/full
https://pubmed.ncbi.nlm.nih.gov/16030227/
https://pubmed.ncbi.nlm.nih.gov/16030227/
https://pubmed.ncbi.nlm.nih.gov/16030227/
https://pubmed.ncbi.nlm.nih.gov/24416378/
https://pubmed.ncbi.nlm.nih.gov/24416378/
https://pubmed.ncbi.nlm.nih.gov/24416378/
https://pubmed.ncbi.nlm.nih.gov/22040113/
https://pubmed.ncbi.nlm.nih.gov/22040113/
https://pubmed.ncbi.nlm.nih.gov/22040113/
https://pubmed.ncbi.nlm.nih.gov/22040113/
https://pubmed.ncbi.nlm.nih.gov/32993749/
https://pubmed.ncbi.nlm.nih.gov/32993749/
https://pubmed.ncbi.nlm.nih.gov/32993749/

Volume 42- Issue 3

DOI: 10.26717/BJSTR.2022.42.006752

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

39(1): 202.

Wexler HM (2002) Outer-Membrane Pore-Forming Proteins in Gram-
Negative Anaerobic Bacteria. Clin Infect Dis 35(5S1): S65-S71.

Confer AW, Ayalew S (2013) The OmpA family of proteins: Roles in
bacterial pathogenesis and immunity. Vet Microbiol 163(3-4): 207-22.

Park JS, Lee WC, Yeo K], Ryu K, Kumarasiri M, et al. (2012) Mechanism
of anchoring of OmpA protein to the cell wall peptidoglycan of the gram-
negative bacterial outer membrane. FASEB ] 26(1): 219-228.

Choi CH, Lee JS, Lee YC, Park TI, Lee JC (2008) Acinetobacter baumannii
invades epithelial cells and outer membrane protein A mediates
interactions with epithelial cells. BMC Microbiol 8: 216.

Serino L, Nesta B, Leuzzi R, Fontana MR, Monaci E, et al. (2007)
Identification of a new OmpA-like protein in Neisseria gonorrhoeae
involved in the binding to human epithelial cells and in vivo colonization.
Mol Microbiol 64(5): 1391-1403.

Sukumaran SK, Shimada H, Prasadarao NV (2003) Entry and intracellular
replication of Escherichia coli K1 in macrophages require expression of
outer membrane protein A. Infect Immun 71(10): 5951-5961.

Bartra SS, Gong X, Lorica CD, Jain C, Nair MKM, et al. (2012) The outer
membrane protein A (OmpA) of Yersinia pestis promotes intracellular
survival and virulence in mice. Microb Pathog 52(1): 41-46.

Chowdhury A, Sah S, Varshney U, Chakravortty D (2021) Salmonella
Typhimurium outer membrane protein A (OmpA) renders protection
against nitrosative stress by promoting SCV stability in murine
macrophages. bioRxiv.

Hirvas L, Koski P, Vaara M (1991) The ompH gene of Yersinia
enterocolitica: cloning, sequencing, expression, and comparison with
known enterobacterial ompH sequences. ] Bacteriol 173(3): 1223-1229.

Muenthaisong A, Nambooppha B, Rittipornlertrak A, Tankaew P,
Varinrak T, et al. (2020) An Intranasal Vaccination with a Recombinant
Outer Membrane Protein H against Haemorrhagic Septicemia in Swamp
Buffaloes. Veterinary Medicine International 2020(3): 1-7.

Edrington TC, Kintz E, Goldberg JB, Tamm LK (2011) Structural Basis
for the Interaction of Lipopolysaccharide with Outer Membrane Protein
H (OprH) from Pseudomonas aeruginosa. ] Biol Chem 286(45): 39211-
39223.

Avila-Calderén ED, Araiza-Villanueva MG, Cancino-Diaz ]C, Lépez-
Villegas EO, Sriranganathan N, et al. (2014) Roles of bacterial membrane

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2022.42.006752

Sanjeev K Narayanan. Biomed | Sci & Tech Res

@ @ This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

52.

53.

54.

55.

56.

57.

58.

59.

60.

BIOMEDICAL

B A .
o*i Y

vesicles. Arch Microbiol 197(1): 1-10.

Zhang Z, Liu D, Liu S, Zhang S, Pan Y (2020) The Role of Porphyromonas
gingivalis Outer Membrane Vesicles in Periodontal Disease and Related
Systemic Diseases. Front Cell Infect Microbiol 10: 585917.

Fingermann M, Avila L, De Marco MB, Vazquez L, Di Biase DN, et al.
(2018) OMV-based vaccine formulations against Shiga toxin producing
Escherichia coli strains are both protective in mice and immunogenic in
calves. Hum Vaccin Immunother 14(9): 2208-2213.

Gonzalez S, Caballero E, Soria Y, Cobas K, Granadillo M, et al. (2006)
Immunization with Neisseria meningitidis outer membrane vesicles
prevents bacteremia in neonatal mice. Vaccine 24: 1633-1643.

Feiring B, Fuglesang ], Oster P, Naess LM, Helland OS, et al. (2006)
Persisting immune responses indicating long-term protection after
booster dose with meningococcal group B outer membrane vesicle
vaccine. Clin Vaccine Immunol 13: 790-796.

Ngkleby H, Aavitsland P, O’Hallahan ], Feiring B, Tilman S, et al. (2007)
Safety review: Two outer membrane vesicle (OMV) vaccines against
systemic Neisseria meningitidis serogroup B disease. Vaccine 25(16):
3080-3084.

Gao F Xu L, Yang B, Fan F, Yang L (2019) Kill the Real with the Fake:
Eliminate Intracellular Staphylococcus aureus Using Nanoparticle
Coated with Its Extracellular Vesicle Membrane as Active Targeting Drug
Carrier. ACS Infect Dis 5(2): 218-227.

Timothy Prior ], Davitt C, Kurtz ], Gellings P, McLachlan JB, et al. (2021)
Bacterial-Derived Outer Membrane Vesicles are Potent Adjuvants that
Drive Humoral and Cellular Immune Responses. Pharm 13(2): 131.

Liu J, Hsieh C, Gelincik O, Devolder B, Sei S, et al. (2019) Proteomic
characterization of outer membrane vesicles from gut mucosa- derived
fusobacterium nucleatum. ] Proteomics 195: 125-137.

Engevik MA, Danhof HA, Ruan W, Engevik AC, Chang-Graham AL, et al.
(2021) Fusobacterium nucleatum Secretes Outer Membrane Vesicles
and Promotes Intestinal Inflammation. MBio 12(2): 1-17.

Assets of Publishing with us

RESEARCHES ¢ Global archiving of articles
Immediate, unrestricted online access
Rigorous Peer Review Process

1Lk e Authors Retain Copyrights

8 .

ISSN: 2574-1241

Unique DOI for all articles

https://biomedres.us/

Copyright@ Sanjeev K Narayanan | Biomed ] Sci & Tech Res | BJSTR. MS.ID.006752.

33633


https://dx.doi.org/10.26717/BJSTR.2022.42.006752
https://pubmed.ncbi.nlm.nih.gov/32993749/
https://pubmed.ncbi.nlm.nih.gov/12173111/
https://pubmed.ncbi.nlm.nih.gov/12173111/
https://pubmed.ncbi.nlm.nih.gov/22986056/
https://pubmed.ncbi.nlm.nih.gov/22986056/
https://pubmed.ncbi.nlm.nih.gov/21965596/
https://pubmed.ncbi.nlm.nih.gov/21965596/
https://pubmed.ncbi.nlm.nih.gov/21965596/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC2615016/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC2615016/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC2615016/
https://pubmed.ncbi.nlm.nih.gov/17542928/
https://pubmed.ncbi.nlm.nih.gov/17542928/
https://pubmed.ncbi.nlm.nih.gov/17542928/
https://pubmed.ncbi.nlm.nih.gov/17542928/
https://pubmed.ncbi.nlm.nih.gov/14500515/
https://pubmed.ncbi.nlm.nih.gov/14500515/
https://pubmed.ncbi.nlm.nih.gov/14500515/
https://www.sciencedirect.com/science/article/abs/pii/S0882401011001719
https://www.sciencedirect.com/science/article/abs/pii/S0882401011001719
https://www.sciencedirect.com/science/article/abs/pii/S0882401011001719
https://www.biorxiv.org/content/10.1101/2021.02.12.430987v3
https://www.biorxiv.org/content/10.1101/2021.02.12.430987v3
https://www.biorxiv.org/content/10.1101/2021.02.12.430987v3
https://www.biorxiv.org/content/10.1101/2021.02.12.430987v3
https://pubmed.ncbi.nlm.nih.gov/1991717/
https://pubmed.ncbi.nlm.nih.gov/1991717/
https://pubmed.ncbi.nlm.nih.gov/1991717/
file:///F:/New%20Journals/BJSTR.MS.ID.006752-SI/BJSTR-VET-22-MRW-237_W_SI/BJSTR-VET-22-MRW-237_W_SI/341676903_An_Intranasal_Vaccination_with_a_Recombinant_Outer_Membrane_Protein_H_against_Haemorrhagic_Septicemia_in_Swamp_Buffaloes
file:///F:/New%20Journals/BJSTR.MS.ID.006752-SI/BJSTR-VET-22-MRW-237_W_SI/BJSTR-VET-22-MRW-237_W_SI/341676903_An_Intranasal_Vaccination_with_a_Recombinant_Outer_Membrane_Protein_H_against_Haemorrhagic_Septicemia_in_Swamp_Buffaloes
file:///F:/New%20Journals/BJSTR.MS.ID.006752-SI/BJSTR-VET-22-MRW-237_W_SI/BJSTR-VET-22-MRW-237_W_SI/341676903_An_Intranasal_Vaccination_with_a_Recombinant_Outer_Membrane_Protein_H_against_Haemorrhagic_Septicemia_in_Swamp_Buffaloes
file:///F:/New%20Journals/BJSTR.MS.ID.006752-SI/BJSTR-VET-22-MRW-237_W_SI/BJSTR-VET-22-MRW-237_W_SI/341676903_An_Intranasal_Vaccination_with_a_Recombinant_Outer_Membrane_Protein_H_against_Haemorrhagic_Septicemia_in_Swamp_Buffaloes
https://pubmed.ncbi.nlm.nih.gov/21865172/
https://pubmed.ncbi.nlm.nih.gov/21865172/
https://pubmed.ncbi.nlm.nih.gov/21865172/
https://pubmed.ncbi.nlm.nih.gov/21865172/
https://pubmed.ncbi.nlm.nih.gov/25294190/
https://pubmed.ncbi.nlm.nih.gov/25294190/
https://pubmed.ncbi.nlm.nih.gov/25294190/
https://pubmed.ncbi.nlm.nih.gov/33585266/
https://pubmed.ncbi.nlm.nih.gov/33585266/
https://pubmed.ncbi.nlm.nih.gov/33585266/
https://pubmed.ncbi.nlm.nih.gov/29923791/
https://pubmed.ncbi.nlm.nih.gov/29923791/
https://pubmed.ncbi.nlm.nih.gov/29923791/
https://pubmed.ncbi.nlm.nih.gov/29923791/
http://www.bvv.sld.cu/docs/documentos/114349608259.pdf
http://www.bvv.sld.cu/docs/documentos/114349608259.pdf
http://www.bvv.sld.cu/docs/documentos/114349608259.pdf
https://pubmed.ncbi.nlm.nih.gov/16829617/
https://pubmed.ncbi.nlm.nih.gov/16829617/
https://pubmed.ncbi.nlm.nih.gov/16829617/
https://pubmed.ncbi.nlm.nih.gov/16829617/
https://pubmed.ncbi.nlm.nih.gov/17287053/
https://pubmed.ncbi.nlm.nih.gov/17287053/
https://pubmed.ncbi.nlm.nih.gov/17287053/
https://pubmed.ncbi.nlm.nih.gov/17287053/
https://pubmed.ncbi.nlm.nih.gov/30489062/
https://pubmed.ncbi.nlm.nih.gov/30489062/
https://pubmed.ncbi.nlm.nih.gov/30489062/
https://pubmed.ncbi.nlm.nih.gov/30489062/
https://pubmed.ncbi.nlm.nih.gov/33498352/
https://pubmed.ncbi.nlm.nih.gov/33498352/
https://pubmed.ncbi.nlm.nih.gov/33498352/
https://pubmed.ncbi.nlm.nih.gov/30634002/
https://pubmed.ncbi.nlm.nih.gov/30634002/
https://pubmed.ncbi.nlm.nih.gov/30634002/
https://scholars.houstonmethodist.org/en/publications/fusobacterium-nucleatum-secretes-outer-membrane-vesicles-and-prom
https://scholars.houstonmethodist.org/en/publications/fusobacterium-nucleatum-secretes-outer-membrane-vesicles-and-prom
https://scholars.houstonmethodist.org/en/publications/fusobacterium-nucleatum-secretes-outer-membrane-vesicles-and-prom
https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.42.006752

