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Objective(s): Enterotoxigenic Escherichia coli (ETEC) is an important cause of diarrheal disease in
humans, particularly in children under 5 years and travelers in developing countries.
To our knowledge, no vaccine is licensed yet to protect against ETEC infection. Like many Gram-negative
pathogens, ETEC can secrete outer membrane vesicles (OMVs). These structures contain various
immunogenic virulence proteins such as LT and therefore can be used as vaccine candidates. In this
study we attempted to isolate the OMVs of ETEC cultivated at different temperatures and evaluate their
immunogenicity and protective efficacy in a murine model of infection.
Materials and Methods: OMVs was purified from bacterial supernatant by ultracentrifugation. OMVs
were encapsulated in chitosan nanoparticles prepared by ionic gelation method within a layer of
Eudragit L100 for oral delivery. Female BALB/c mice of 9 weeks’ old were immunized by parenteral
injection and oral administration with free and encapsulated OMVs obtained from bacteria cultivated at
37°C and 42°C. The serum samples were collected and the antibody titers were measured by an enzymelinked immunosorbent assay (ELISA).
Results: The protein concentrations of OMVs were 3.47 mg/ml and 2.46 mg/ml for bacteria grown at 37°C and
42°C respectively. OMVs loaded into nanoparticles (NP-OMVs) were homogeneous and spherical in shape,
with a size of 532 nm. The encapsulation efficiency of NP was 90%. Mice immunized with OMVs, inhibited the
ETEC colonization in their small intestine and induced production of antibodies against LT toxin.
Conclusion: The results obtained in this research place OMVs among promising candidates to be used
for vaccination.
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Introduction
Enterotoxigenic Escherichia coli (ETEC) belongs to
a diverse group of pathogens causing diarrhea. ETEC
strains have several virulence factors like heat labile
enterotoxin (LT), heat-stable enterotoxin (ST) and
colonization factors (CFs). Following adherence and
colonization in intestine, either or both LT or ST are
expressed, resulting in diarrheal disease (1, 2). ETEC
is one of the major causes of diarrhea in children
under five years in endemic areas, leading to about
300000 to 500000 deaths per year (3-5). It is also the
main cause of traveler's diarrhea especially in military
personnel traveling to endemic areas (6). Vaccination
plays an important role in prevention of the infection
and hence improving public health. Despite cumber
some efforts of investigators on developing vaccine
against ETEC, there is still no effective ETEC vaccine
available in the market. Therefore research for
development of an efficient vaccine against ETEC is
needed (7-9).

Like all Gram-negative bacteria, ETEC is capable of
producing outer membrane vesicles (OMVs), nonviable bubbles of bilayer membrane with a diameter
of 20 to 250nm. OMV-mediated delivery of toxins and
other virulence factors to host cells has been reported
for several pathogens including members of the
Enterobacteriaceae (10).
OMVs contain multiple putative virulence factors
and immune modulating proteins, suggesting their
ability to act as important candidates for producing
vaccine against ETEC (11, 12). OMVs based vaccines
have been developed for a number of Gram negativ e
bacteria including Neisseria meningitidis, Helicobacter
pylori, and Vibrio cholera (13-15). OMVs have been
shown to elicit antibodies against multiple bacterial
antigens and provide protection in animal models of
infections (16). OMVs isolated from N. meningitides
serogroup B in the presence of detergents, is shown to
be safe and immunogenic in humans, and is used as a
vaccine to control an epidemic of meningococcal
meningitis in New Zealand (17, 18).
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LT is one of the major virulence factors in ETEC.
Immunity against LT is predominantly directed toward
the B subunit of LT (LTB) which has 80 percent
similarity to CTB of cholera toxin in three-dimensional
structure and function (19, 20). Secretion of LT
enterotoxin is associated with the release of OMVs and
ETEC secreted vesicles are rich in LT toxin (14).
OMVs secretion is also considered as a critical
bacterial response to different environmental stresses.
To counteract environmental effects, bacteria activate
stress sensors, which leads to the change in the
transcriptional profile and downstream products
including bacterial envelope composition (21, 22).
Therefore, environmental conditions can affect OMVs
production and cause significant changes in the
amount and composition of secreted OMVs.
Oral administration of vaccine for mucosal immunity
and systemic immune stimulation is the most effective
and convenient route, when the gastrointestinal tract is
the bacterial target. Problems related with oral drug
delivery are, harsh effect of extremely acidic condition
of stomach and low transit time of drug in the
gastrointestinal tract (23, 24). Mucoadhesive materials,
like chitosan can overcome these problems by providing
more access and better absorption of materials in the
intestine. Chitosan is deacetylated chitin polymer,
commercially available in different forms in the market.
The main problem lying with chitosan nanoparticles
(NPs) is its low resistance to acidic pH (25, 26).
Eudragit is a copolymer of methacrylate and acid
methacrylic. Eudragit L100 can resists the acidic pH and
is completely soluble at physiological pH, which makes it
a suitable candidate to protect cargo molecules and their
safely transit from stomach (27).
In the present work, OMVs from ETEC were isolated
at 2 different temperatures of 37℃ and 42℃. The
protective efficacy of OMVs either in their free form or
encapsulated with chitosan and Eudragit were tested in
the murine model after immunization by intradermal
and oral routes.

Materials and Methods
Preparation of OMVs
OMVs were prepared based on the method
described by Delbaz et al (28). In brief, 5 ml of
overnight bacterial culture was inoculated to 500 ml
of Luria broth (LB) medium (Difco, UK). The bacterial
cultures were incubated at two different temperatures of 37℃ and 42℃ with a shaking condition of
150 rpm. The bacteria were inactivated by adding 5%
phenol in end of logarithmic phase (OD 600 = 1) of the
growth. OMVs were extracted with 0.1M Tris-HCl, pH
8.6 containing 10 mM ethylenediamine tetra acetic
acid (EDTA( and 0.5% w/v deoxycholate (Sigma,
Germany) as a detergent. Cell fragments were
sedimented by centrifugation at 18,000×g for 90 min
and the supernatant was further centrifuged at
125,000 × g for 2 hr. The pallet containing OMVs was
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suspended in 15 ml distilled water containing 3%
sucrose and stored at 4°C. The protein content of
OMVs was measured using modified Lowery method
(31).
To study the size and shape of OMVs with
transmission electron microscopy (TEM), 0.1 ml of
aforementioned OMV suspension was placed on copper
formvar/carbon-coated grids and allowed to adsorb for
5 min. Grids were then washed with 1 ml of distilled
water and blotted with whatman filter paper (Sigma,
Germany). For negative staining, grids were treated with
2% uranyl acetate (Merck, Germany) in ddH 2O for 1 min,
air-dried and viewed with TEM (Zeiss - EM10C - 80 KV).
Electron micrographs were recorded at magnification of
63000×.
Protein content of OMVs were analyzed on 12%
SDS-PAGE (Criterion XT, Bio Rad Laboratories, CA)
with the discontinuous buffer system of Laemmli and
gels stained with coomassie blue (Merck, Germany).
Preparation of chitosan –TPP particles
The OMV nanoparticles were prepared by ionic
gelation between positively charged chitosan and
negatively charged tri-polyphosphate (TPP; Sigma,
Germany). To obtain 5 mg/ml concentration, 25 mg of
chitosan (medium molecular mass, degree of
deacetylation about 80% Sigma-Aldrich, USA), was
dissolved in 5ml of 2.0% acetic acid aqueous solution
under stirring at room temperature. The pH of the
resulting solution was adjusted to 5.5 using aqueous
sodium hydroxide solution. One ml of OMVs (1 mg/ml)
was added to 750 µl of chitosan solution under stirring
condition at 4℃. TPP was dissolved in water at room
temperature to obtain 2 mg/ml concentration. To
prepare nanoparticles, 500 µl of TPP solution (2 mg/ml)
was added slowly to the chitosan solution containing
OMVs, with continuous stirring at 4℃. The solution was
centrifuged at 14,000 × g for 10 min at 4℃.The final ratio
of chitosan/TPP in nanoparticles was 3:1. Nanoparticles
without OMVs, to be used as a control, were prepared by
the same procedure.
OMV-chitosan nanoparticles were further coated
within EudragitL100 (Sigma, Germany) using electro static interaction. 2 mg of Eudragit was dissolved in
15 ml acetone and ethanol (1:1 ratio) and 0.2 mg of
OMV-chitosan NPs, containing almost 50 μg OMV, was
drip dropped into organic solvent under stirring
condition. Paraffin with 1% span was then added to
the mixture. The organic phase of resultant water in
oil emulsion was left to evaporate on stirrer (IKA, RH,
Germany). The remnant was centrifuged at 9500 × g
for 30 min.
Particle size, zeta potential and encapsulation
efficiency determination
The z-average particle size, distribution and poly
dispersity index (PDI) of the chitosan-TPP nanoparticles were measured at 25°C by dynamic light
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scattering (DLS) on a high performance particle sizer
(HPPS-5001, Malvern, UK). The zeta potential of
nanoparticles was measured by Zetasizer 3000 HAS
(Malvern, UK). Mean values were obtained from the
analysis of three different batches, each measured
three times. Encapsulation efficiency (EE) was calculated.
Animal immunization
Nine-week old BALB/c mice of approximately 20 g
weight were separated in randomized groups of 5
animals each. Out of three groups of animals for
immunization, the first group was immunized with 10
µg of OMVs via subcutaneous route, the second and
third groups were orally fed with 50 µg of free and
encapsulated OMVs respectively. Control groups were
administered with normal saline. Blood samples were
collected from the eyes of anesthetized mice 5 days
after the 2nd, 3rd and 4th injections/ oral admirations.
Fecal IgA of orally immunized mice was extracted
by homogenizing of 1 g of fecal samples in 500µl of
PBS containing 0.05% (w/v) of sodium azide. The
homogenate was centrifuged at 5000 × g for 20 min at
4°C and supernatant was transferred to the sterile
tube. PMSF (10 µl/ml sample) was added as a
protease inhibitor and the mixture was centrifuged at
13,000 × g for 20 min at 4℃ and supernatant
containing IgA was stored in -20℃ for further studies.
Determination of anti-OMVs IgG and IgA responses
The antibody response was measured by an enzymelinked immunosorbent assay (ELISA). In brief, 2 µgof
OMVs were coated with coating buffer (60 mM
carbonate buffer, pH 9.6) in 96-well microtiter plates
(MaxiSorb; Nunc, Wiesbaden, Germany). Each wells
were blocked with100µl of 3% bovine serum albumin
(BSA; Sigma, Germany) for 2 hr at 4℃. 100 µl of
serially diluted sera were added to wells and
incubated overnight at 4℃. Class specific goat antimouse IgG/IgA (Sigma) was added after washing with
PBS containing 0.05 % Tween 20 (PBS-T) buffer, and
incubated for 2 hr at 37°C. OPD as a substrate were
added to wells at room temperature and OD 490nm was
measured with an ELISA reader (Sunrise remote;
Tecan-Austria, Groeding, Austria).
For detection of LT in OMVs, ltb gene previously
was cloned in pET28a and recombinant LTB protei n
expressed in BL21DE3 and purified with NI-NTA
affinity chromatography. In ELISA, 2.5 µg recombinant of LTB was coated in each well as an antigen
and immunized mice sera was used as a primary
antibody. BSA was coated as control and the ELISA
was carried out as stated above.
ETEC binding inhibition assay
In order to check the inhibitory effect of
immunized mice sera on attachment of ETEC to
intestinal epithelium, HT-29 cells (Cell Bank, Pasteur
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Institute of Iran) were grown in Dulbecco’s modified
eagle media (DMEM; Gibco) supplemented with 10%
heat-inactivated fetal bovine serum (FBS; Gibco). The
cells were poured to bottom of 24-well plates at a
concentration of 8 × 104 cells per well and grown to near
confluence at 37°C in a 5% CO 2 atmosphere. ETEC cells
at 105 CFU/ml concentration was pretreated with 40 𝜇l
of immunized and non-immunized mice sera and
incubated for 30 min at room temperature. The mixture
was added to HT-29 cells and incubated for 1 hr at room
temperature. After washing with PBS, the cells were
trypsinized and cultured on LB agar to measure the
amount of bacteria attached to the HT-29 cells.
Toxin neutralization assay
To assess the ability of serum samples of immunized
mice in neutralizing the LT toxin, ileal loop assay was
performed (29). Briefly, mice were fasted for 24 hr
before surgery and then were anesthetized by
intraperitoneal injection of Nembutal (60 mg/kg body
weight). The abdomen was open up and small
intestine was divided into loops of 3 cm length. ETEC
bacteria at 1 × 108 CFU/ml concentration was incubated
with mouse serum for 30 min and the mixture was
added to each loop created in the intestine. The loop
injected with PBS was kept as a control. After injection
of the loops, the abdomen was closed and the animals
were sacrificed 18 hr later by pentobarbital and ileal
loops were exteriorized. The ratio of fluid
accumulation against loop length (g/cm) was
calculated as an index of enterotoxigenicity.
Statistical analysis
Statistical analysis was performed using SPSS
software version 22. The results were expressed as
mean±SD. Data were statistically analyzed by ANOVA
test with P<0.05 considered as significant difference.

Results
Characterization of purified OMVs
The protein concentrations of OMVs obtained
from bacteria cultured at 37°C and 42°C were 3.47
mg/ml and 2.46 mg ml -1 respectively. OMVs produced
at different temperatures also showed different
pattern on SDS-PAGE (Figure 1b) Images obtained by
TEM, showed vesicle size in the range of 20-50 nm.
Vesicles were spherical with intensive surface (Figure
1a).
Characterization of nanoparticles
Zeta size analysis revealed the size of NP
complexes to be 532±7 nm with PDI value of 0.29.
The charge of prepared nanoparticles was measured
to be +23±0.2. Positive charge for nanoparticles is
essential for their stability. The encapsulation efficiency
of NP was 90% (Table 1).
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Table 1. Encapsulation efficiency
sample

total protein (µg)

Absorbance of supernatants (OD 595)

supernatants protein (µg)

EE%

nOMV

500

0.048

25.76

> 90

sOMV

500

0.056

38.14

> 90

Percentage of OMVs loading into nanogels calculated by the formula given on methodology.
Abbreviations: nOMVs: Natural outer membrane vesicles, sOMVs: Stress outer membrane vesicles, OD: Optical Density, µg: Microgram, EE:
Encapsulation efficiency

Figure 1. OMVs analysis: (a) The transmission electron microscopy image (magnification, 63000×) showing OMV (b) SDS-PAGE analysisof
OMVs obtained from ETEC; b1. ladder b2. nOMV b3. sOMV
Abbreviations: nOMVs: Natural outer membrane vesicles, sOMVs: Stress outer membrane vesicles, ETEC: Enterotoxigenic Escherichia coli.

Serum and fecal antibody responses
Animals were monitored for 48 hr after vaccination
and there was no unusual sign and animals were looking
healthy. Since OMVs is widely associated with the LT
toxin, therefore to evaluate the antibody production we
performed ELISA with immunized mice sera using
recombinant LT protein as an antigen. There was a
significant difference in antibody titer of wells coated
with LT compared to control (Figure 2).
Mice elicited significant IgG and IgA antibodies in
serum and fecal samples upon oral (IgG and IgA) and
parenteral (IgG) immunization compared to control
mice (P<0.05). The level of antibody titers was different
between mice groups receiving OMVs in different forms.
There was no significant difference between the
antibody titers of mice receiving OMVs from bacteria
cultivated at 42℃ and 37℃. But statistically significant
difference(P<0.05) were observed between antibody
titer of the mice sera injected with OMVs or received non
polymerized and polymerized OMVs orally (Figure 3).
As shown in the Figure, lowest response was for orally
given polymer free OMVs.
The rate of antibody titers declined gradually 42
days after the last treatment in all mice groups except
those received encapsulated antigen orally. The sera
of these animals retained high antibody titer even
after 78 days of last antigen administration. IgA titer
against encapsulated antigen was significantly higher
than that of non-polymerized antigens (P<0.05).

Figure 2. Serum immunoglobulin titers in immunized sera were
measured against LTB as a component of OMVs. Abbreviations:
LTB: Heat-labile enterotoxin B subunit, OD: Optical Density, nm:
Nanometer

Binding assay of ETEC to HT-29 cells
The ability of anti-OMV antibodies collected from
immunized mice to block the binding of ETEC bacteri a
to HT-29 cell lines was measured. Pretreatment of
ETEC cells with anti-OMV antibodies blocked their
binding to HT-29 cells. Treatment with antibodies
raised against polymerized OMVs, produced at 37 ℃,
showed highest inhibition of bacterial binding to HT29 cells. Results are demonstrated in Table 2.
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Figure 3. Serum and fecal anti-nOMV and sOMV antibody titers of mice immunized with different formulations. (A) Serum IgG titers after
boost immunizations; (B) Fecal IgA titers after boost immunizations. Titers calculated as log 10 of last reciprocal dilution above cut-off.
Error bars represent mean±SEM (n=3)
Abbreviations: nOMVs: Natural outer membrane vesicles, sOMVs: Stress outer membrane vesicles, SEM: Standard error of mean, IgG:
Immunoglobulin G, IgA: Immunoglobulin A, S.C: Subcutaneous, log: Logarithm.

Toxin neutralization assay
The inhibitory effect of anti-OMV antibody on LTinduced fluid accumulation was studied in the mice
ileal loop assay (Figure 4). The fluid accumulation was
not observed in mice ileal loops 18 hr post infection
with ETEC treated with the immunized mice serum ,

whereas fluid accumulation was observed in loop
inoculated with non-treated ETEC. Sera obtained
from mice group, receiving polymerized vesicles of
37 ℃ could inhibit LT toxin better than the other two
groups. The results are summarized in Table 3.

Table 2. Binding inhibition assay

Table 3. Intestinal epithelial responses to ETEC and ETEC + serum

Groups
ETEC+Serum (S. C)

ETEC+Serum (Oral Free OMVs)
ETEC+Serum (Oral Encapsulated
OMVs)

Temp(℃)

Adherent
Index

37

2.3

42

3.2

37

2.5

42

3.4

37

2.1

42

1.8

The serum of mice groups receiving OMVs produced at 37℃ have
better performance in preventing adhesion in comparison to OMVs
produced at 42 ℃. Abbreviations: OMVs: Outer membrane vesicles,
S.C: Subcutaneous.

Groups

Temp
(℃)

𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔𝑟)

37

0.15

42

0.2

37

0.03

42

0.06

37

0.05

42

0.07

37

0.02

42

0.05

ETEC
ETEC+ S. C serum
ETEC+oral free OMV serum
ETEC+oral encapsulated OMV serum

𝑙𝑒𝑛𝑔𝑡ℎ(𝑐𝑚)

Values obtained for the bacteria is larger than 0.1 and for bacteria
+ Serum is less than 0.1, indicating the inhibition of bacterial toxin
(LTB) with antibody present in serum.
Abbreviations: ETEC: Enterotoxigenic Escherichia coli, Temp:
Temperature, OMVs: Outer membrane vesicles, S.C: Subcutaneous.

Figure 4. Mice ileal loop assay. Intestinal loops were inoculated with cell-free supernatants from ETEC, ETEC + serums
Abbreviations: S.C: Subcutaneous, ETEC: Enterotoxigenic Escherichia coli, OMVs: Outer membrane vesicles
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Design and development of mucosal vaccine against
ETEC infection is one of the major problem that must be
overcome (30, 31). Research attempts on vaccine
production against ETEC mostly have been focused on a
few immunogens such as LT toxin and colonization
factors. Lack of sufficient protection by the LT toxoid or
recombinant LTB and presence of various colonization
factors, are some of the difficulties encountering the
effective vaccine preparation against ETEC.
OMVs, due to the presence of several antigens and
virulence factors in their structure, could potentially
actuate for development of effective vaccine against
ETEC strains (12, 32). In the present study, we focused
on immunogenicity of OMV-associated antigens
extracted at different environmental conditions. OMVs
have ability to induce the immune response and thereby
protect against enteric pathogens (10, 33). Capacity of
OMV-based vaccines to stimulate a protective immune
response has already been exploited against several
bacterial pathogens like V. cholera and N. meningitidis
(14, 34). Since naturally purified OMVs contain
considerable amount of LPS, therefore to reduce the LPS
content, we purified OMVs with deoxycholate detergent.
Although LPS is an effective adjuvant but excessive
activation of immune system due to high LPS content of
antigens lead to septic shock. Thereby reducing
endotoxicity of OMVs is an essential step towards their
safe use as vaccine candidates. Norheim et al. reduced
LPS content of OMVs from N. meningitides by detergent
extractions (35). Van de Waterbeemd improved OMV
based vaccine against N. meningitidis using genetically
engineered strains and detoxified LPS (36).
The pattern of SDS-PAGE analysis of the two OMVs
purified at different conditions support our in vivo
experiments. In response to heat shock, bacteri a
generally induce activation of stress sensors, a
process known as “unfolded protein response” where
Sigma 32 shifts RNA polymerase toward heat shock
genes (21, 37). This leads to the changes in
transcription profile and thereby resulting in
modification of downstream processes of which the
change in the composition of the bacterial envelope is
obvious. This is because OMVs are secreted as a
response to stress in order to remove the miss-folded
proteins from bacteria and as bait to attract
antimicrobial agents which bind to the cell surface
(21, 37). Protein content and banding pattern of
nOMV1s compared to sOMV 2s and vesicles produced
at different temperatures was different when
analyzed on SDS PAGE. Mac Donald and Kuehn didn’t
get any significant differences on the effects of
temperature increases in OMV production (22).
Antibodies raised against OMVs secreted at 37°C
could prevent the attachment of bacteria to HT29 cells
better than antibodies raised against OMVs of stress

condition. This is may be due to demolished or
dropped expression level of proteins involved in
adhesion at temperature of 42°C.
In order to create a stronger immune response,
most vaccines are administered along with adjuvant.
ETEC derived OMV are rich in LT toxin with inherent
adjuvant properties, therefore additional adjuvant is
not required during vaccination (12, 16). The results
of our ELISA conducted with recombinant B subunit
of LT toxin confirmed the presence of LT in OMVs,
further supporting OMVs as better immunogens (12).
Our findings are farther supported with previous
studies where OMVs secreted by the ETEC could
induce the production of specific antibodies agains t
surface antigens (11, 12, 19).
Due to non-invasive, simplicity of administration
and high efficacy of mucosal immunity in prevention
of intestinal infections, oral route for OMVs administration was preferred. Similarity in the way of OMVs
and pathogen arrival to intestine, also logically
supports our oral administration for induction of the
immune system against ETEC (38).
However, harsh condition of the gastrointestinal
tract, especially the stomach, creates problems to the
oral delivery. The problem can be overcome with
encapsulation of OMVs in a suitable nano or micro
particles and thereby protecting them from damaging
effects of stomach acid (27, 39).
OMVs
were
encapsulated
in
chitosan
nanoparticles for oral immunization of animals.
Although chitosan, as non-toxic polymer, with
biodegradability,
bio-compatibility
and
low
immunogenicity are suitable for drug delivery, but the
main problem is the low resistance of this polymer in
acidic pH (27, 39). Eudragit, the other polymer with
protective effect against gastric acid is used along
with chitosan. Badhana et al. (27), and Lee et al. (39)
reported that encapsulated of immunogen with
Eudragit induced stronger and prolonged immune
responses compared to free immunogen (27, 39). Our
results were in consistent with their findings.In this
study polymerization was carried out by ionic
gelation method and the EE of encapsulation was over
90%, compared to 86% and 87.7% reported by others
(27, 39).
The IgG titers were highest in serum of mice
injected with OMVs, followed by oral administration
of polymerized and non-polymerized OMVs respecttively. The antibody titers were declined 42 days after
the last delivery in all mice groups except those
received encapsulated antigen orally. Even 78 days
after the last immunization, the antibody titer of
polymerized OMV remained high compared to the
other 2 groups. This can be attributed to the controlled release of antigens by polymeric nanoparticles
(40). The level of IgA titers in polymerized OMV was

1

2

OMVs obtained from bacteria cultured at 37 °C

OMVs obtained from bacteria cultured at 42 °C
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higher than non-polymerized OMVs, indicating the
preservation effect of polymer on antigen damaging in
stomach.
The bio-adhesive nature of the chitosan which
enhances the interaction of nanoparticles with the
mucosal layer could be another reason for explaining
the high antibody titer obtained against polymerized
OMVs (41). Adsorption of nanoparticles to negatively
charge epithelial cell surface in the gut can be
increased due to high density of positive charges on
chitosan. This leads to the better delivery of antigen
to the target (40). In addition, antigens coated with
chitosan increases its interaction with dendritic cells.
Efficiency of immunization also enhances with the
slow and controlled release of antigen which is more
possible with polymerized antigen than the nacked
one (40). The IgA titers of polymerized OMVs were
higher than free OMVs.

Conclusion
The results of our study confirmed the potential
value of chitosan nanoparticles containing ETEC OMVs
offer a protection against ETEC infection in marine
model. Therefore, encapsulation of OMVs triggering
mucosal immunity can be a new approach of vaccination
for effective neutralization of ETEC infection.
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