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ABSTRACT
BACKGROUND AND OBJECTIVE: Enterotoxigenic Escherichia coli (ETEC) is the most common causes of diarrhea
and its mortality is estimated at 157,000 deaths per year that equivalent 9 percent of all deaths attributed to diarrhea.
Vaccine development against ETEC has been identified as an important primary prevention strategy against bacteria.
Present study aims to provide importance of and pathogenesis of ETEC bacteria and research in the field of vaccine
against it.
METHODS: In this study literature search was conducted in NCBI databases with ETEC, virulence factors, colonization
factors, enterotoxins and vaccine as keywords. Related articles were collected and investigated.
FINDINGS: Survey of articles indicated that mucosal immunization could provide the secretary IgA antibody (slgA)
response and are of particular importance for protection against ETEC infection. Diversity and geographical distribution
of bacterial strains is one of the main problems to deal effectively against disease caused by ETEC. One of the important
points is expressing of different CFs on bacterial surface. Development of a vaccine against bacteria and toxins strains is
dependent on careful investigation of the prevalence of colonization factors and toxin strains.
CONCLUSION: Scrutiny could reduce information gaps and expected to help appropriately for development strategies
against bacteria. Design multivalent ETEC immunogens containing the most prevalent colonization factors and toxins
may provide protection against a wide range of ETEC strains.
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Introduction

Diarrhea caused by bacteria and viruses is one of
the most important health problems in human societies,
especially in developing countries, and causes the
deaths of hundreds of thousands of people, including
children (1-3). Escherichia coli producing diarrhea in
many parts of the world is widespread and is divided
into six groups of enterogenic, enterohaemorrhagic,
entero-enteric,  enteropathogenic,  diffuse  and
enterotoxicogenic (ETEC) based on antigenic
differences and pathogenic mechanism (4-6). The
prevalence of ETEC-induced diarrhea, especially in
deprived areas and those who travel to such areas, is
high (7, 8).

In 1956, De et al, showed that Escherichia coli
isolated from people with cholera diarrhea could cause
liquids and electrolytes to accumulate in closed loops of
rabbit intestines (9). ETEC bacteria account for 15% to
20% of diarrhea in children under 5 years old in the
poorest countries and the most common cause of 60%
of travel diarrhea in Africa, Asia and Latin America (10,
11). In many of these countries, the prevalence in infants
below the age of 12 months has been reported to be
much higher (10-12). About 10 million of ETEC-
induced diarrhea is reported annually in the world. In
the reports of the world's health organizations, the
estimated human casualties caused by ETEC diarrhea
are estimated to be around 157,000 per year, which is
roughly equivalent to 9% of deaths from diarrhea (11,
13, 14). In 2013, 42,000 children under the age of 5 were
reported to die due to diarrhea caused by ETEC. Over
the same year, more than 89,000 people over the age of
5 were reported to die in Africa and South Asia (1, 11).
According to these reports, the prevalence of bacteria in
communities over the age of 5 years has reached 44
million, which is much higher than that of the 6 million
people with typhoid and 3 million with vibrio cholera
(1, 10, 112).

The main problem with the ETEC disease is the
diversification and geographical distribution of
bacterial strains. The development of a vaccine against
bacteria is dependent on the precise examination of the
prevalence of colonization and toxin factors in the
strains. However, the epidemiological studies that have
been done so far make researchers more aware of the
ETEC burden index, however, there are still some
inaccuracies in information about mortality, bacterial
outbreak, and diagnosis (1, 3, 15, 16). The present study
addresses the importance of ETEC and its
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pathogenicity, the information and the results of
research on vaccine against it.
Methods

The electronic search of articles in the NCBI
database was performed using the key words of
enterotoxicogenic E. coli, acute factors, colonization
factors, enterotoxin, immunity and vaccine. The titles
and abstracts of the articles presented in the database
were reviewed and the abstracts of the articles were
examined in terms of thematic relation. Studies based
on the pathogenicity, disease outbreaks and immunity
and Vaccines against ETEC were selected and studied.
Also, the authors of this paper have also used the results
of the research.

Results

The word "Escherichia coli" was found in the title,
abstract, and key words of 3757 articles in the Pubmed
database. By limiting the search using Boolean
operators (And, Or, Not) to articles related to
pathogenesis, disease outbreaks and immunity and
vaccination against bacteria, the number of articles
reached 75, which entered the study.
Acute Causes: Swallowing disease begins with 106 to
1010 bacteria, and then the bacteria binds to the
epithelium of the intestine through its surface
colonizing factors (8, 17, 18). The main factor for ETEC
actinicity is the susceptible or heat-resistant enterotoxin
(19-21). ETEC strains can produce only ST, LT toxin or
both (Figure 1).
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Figure 1. The mechanism of the disease by
enterotoxicogenic E. coli (27).

In addition to enterotoxins, other acute factors such
as adhesion factors, colonization and aggression factors
are also present (22-24). Type Il (LT-1) and Il (LT-II)
heat-sensitive enterotoxins are different in terms of
genetic, biochemical and immunological
characteristics. The LT-1 toxin is very similar to
chlorotoxin, with a weight of 86 kilo daltons hetero
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hexamery is a molecule composed of Pentamer subunit
B and a subunit A (Fig. 2) (26, 25).
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Figure 2. Heat-sensitive toxin structure of
Escherichia coli and subunits A and B (30)

Subunit B binding to GM1 ganglioside on the host
cell surface causes endocytosis of toxin. Subunit A, by
preventing GTPase activity of Gs proteins increase
CAMP and stimulate chlora channels in the membrane.
Diarrhea develops by secretion of electrolytes and water
into the intestine (17, 18, 27). LT-II toxin with chlora
toxin does not have an immunological cross-reactivity.
The similarity of its amino acid sequence with chlora
toxin and LT-1 is less than 14% (28, 25). The
importance of type 2 toxin in human pathogenesis is not
known (28, 25). Heat-resistant enterotoxin ETEC is a
small amount of cysteine-rich peptides (Fig. 3) which,
by increasing intracellular cGMP, disrupts the function
of ionized channels, resulting in epithelial cells lose
water and the patient gets diarrhea (29, 30).
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Figure 3. Heat-resistant toxin structure and
sequence of bacteria from Escherichia coli (22).

Heat-resistant enterotoxin type | and Il are produced
by ETEC. The STI (STa) toxin, which is attached to
Guanylian cyclase, is itself divided into ST-la (ST-P)
and ST-Ib (ST-H) types (18, 30). One of the most
important pathogens in enterotoxicogenic E. coli
bacteria is colonization factors (CFs) and are considered
as targets for vaccine preparation (31, 32). About 25
different CF types are known today, most of which are
coded by plasmids (1, 5). The colonization factors are
the protein content and are classified into three different
groups. The first group or quasi-CFA / | group is CFA /
I, CS1, CS2, CS4, CS14, and CS17. The second group
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or quasi- CS5 group is CS4, which includes the CS20,
CS18, CS7, CS5 connection factors. Third non-matched
group includes CS10-12, CS6, CS3 (34, 33, and 5).
Most of the ETCI colonization factors are collected
through the chaperone-guide and are presented on the

Figure 4. A schematic model for assembling the ETEC
colonizing agents. Chaperon: A, subunit: B, external
membrane protein: C, subsidiary sub unit: E (37).

One of the notable points is the presentation of some
colonization factors on the bacterial cell. For example,
CS5 + CS6, CS4 + CS6, CS1 + CS3 and CS2 + CS3
dual patterns can be presented on some of the strains. 30
to 50 percent of the ETEC strains isolated from patients
do not have specific colonization factors (15, 33, 35).
Safety and Vaccine: The development of a vaccine
against bacteria is dependent on a thorough examination
of the prevalence of colonization and toxin factors in the
strains. Due to its neighbors with countries where the
health index is very low, Iran is at the risk of the spread
of such diarrhea pathogens. Accordingly, the
importance of ETEC in diarrhea in Iran has also been
studied (36).

Studies in Iran show a 5 to 8 percent increase in
ETEC in diarrhea samples (6). The prevalence of ST
and LT toxins has varied in different studies, so that, in
separate cases, more strains of LT, strains producing ST
toxin are mentioned. In some reports, the more frequent
strains of generative LT-ST are mentioned (6, 37-40).
However, in regions of East Asia and Latin America,
strains of ST toxin have a higher percentage (15, 41).
The return and recurrence of ETEC-induced diarrhea
decreases with age, which confirms the natural acquired
immunity against bacteria after infection (1, 3, 12, 14).
Effective immunization against this intestinal pathogen
stimulates the secretion of mucosal antibodies.
Therefore, evaluation of mucosal immune responses in
immunogenicity testing of various vaccines against this
bacterium is important. A study in volunteers showed
that there is a relationship between the level of mucosal
responses to CFs and the protection against the bacteria
that are responsible for. Also, the serum antibody level
against LT is dependent on the degree of protection (7,
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35, 42). Various antigens, including colonization factors
and LT and ST toxins, are considered in the preparation
of vaccine (3, 14, 43). O and H antigens can also play a
role in protecting against ETEC, but they are not
suitable candidates due to the many structures and
variations (1, 34). Studies have shown that the use of
colonization and toxoid agents can lead to acceptable
immunity in humans. Based on the efficacy of the CF
and LT antigen, the ETEC vaccine should contain CF
antigens found in most strains. Multivalent vaccine
containing CFA / I, CS1-6 and LT toxoid can protect
against about 80% of the strains. Due to the fact that
some strains have the ability to produce ST toxin, ST
toxoid should also be considered. However, having ST
that is not toxic and immunogenic is difficult (1, 3, 16,
44). So far, various methods for presentation of CF and
toxin antigens to the human immune system have been
investigated in order to provide protective immune
responses against vaccine candidates.

Pure enterotoxins and CFs: Pure CFs are not as
effective as oral immunogens because they are sensitive
to proteolytic degradation. To prevent the destruction of
these materials in the stomach, immunization is carried
out by loading CFs into microspheres or nanoparticles.
Studies of PLGA microspheres containing the
commonly colonization factor CFA / |, CS3, and CS6
that have been administered orally have shown that
microspheres are absorbable and processed in peyer's
patches of topical and systemic immune responses (47-
45, 34). In 1994, the antigens of colonization factors
CS3 and CS1 (9 to 1) was encapsulated in the
biodegradable polymer of PLGA and its immunization
was studied in volunteers. The 1gG and IgA immune
response was evaluable up to 57 days after receiving a
dose of vaccine (48). In another study, it was shown that
with the increase in the stability of the chitosan
nanocapsules containing the F4 fibrin antigen from
ETEC, oral immunology in the animal also improved
(49). A study conducted in Iran also showed that the
administration of the chimeric protein containing the
three CFA / I, CS2, CS3 and B subunit colonization
factors resulted from LT toxin loading in PLGA
nanoparticles caused immune responses against binding
and toxin bacteria in experimental animal. Since LTB
and CTB are non-toxic and non-immunogenic, as well
as in the gastrointestinal tract, they are capable of
binding to intestinal cells, they are a good candidate for
immunity against LT. Antibody against recombinant
LTB protein (rLTB) can neutralize LT-toxin activity
(50-52). In the design of multiple immunogens, LTB is
also used. In a research in Iran, LTB recombinant
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protein was used in the design of multivariate
recombinant  immunogenicity  against  ETEC.
Antibodies produced against this subunit of toxin
prevented the occurrence of normal toxin symptoms
(16, 53, 54). In several other studies, such a function
was observed for the LTB recombinant protein (2, 53,
55). The method of administration of ETEC antigens by
transgenic plants has also been used (56).

Inactivated bacteria: An alternative method for the
preparation of CF in mucosal vaccines, is the use of
killed ETEC bacteria, which have all types of CF in
immunogenic form and bacterial surface. CF molecules
are more stable on surface of bacteria than purified CF
molecules and maintain antigenicity and the structure of
their fimbriae (13, 35). Some inactivated organisms are
associated with the appropriate amounts of LT toxoid.
Efforts to produce ST toxoid have not been successful,
and the biggest reason for this failure is the small size
and high content of the amino acid cysteine in the ST
molecule (13, 35).

Live oral vaccines of ETEC: Various strategies have
been used for this purpose, and it has been used from
reduced rebate of Shigella, Vibrio cholera and
Salmonella, which express various CF factors alone or
in combination with LT toxoid. Alternatively, the use of
reduced rebate ETEC bacteria as a carrier and supplier
of protective antigens. The ETEC abbreviated vaccines
are made by removing the ompF, ompC and aroC genes.
PTLo02 and PTLoo3 derived from the strain O6: H16,
have CS1 + CS3 and have a mutation in aroc. The
candidate for the CS4-CS6 and LTB vaccine with CFA
/ 1 and CS1-CS3 are also in this category (57-59).
Hybrid vaccines based on Live Shigella / ETEC can
produce CF or LT molecules. In a study, several reduced
rebate Shigella such as Shigella Flexner I, Flexner 3a,
Flexner 6 and Shigella Sonia were engineered to express
the stability of the ETEC fimbriae and LTB subunits.
The use of this vaccine in the clinical model resulted in
the secretion of systemic IgG and mucosal IgA against
Shigella and ETEC antigens (60, 61). Salmonella typhi
and Vibrio cholera reduced rebate vaccines for
immunogenicity and health testing in clinical trials have
been investigated. These bacteria express CTB / LTB
subunits and various CF molecules. For example, in the
peru-15 vaccine, the strain expressing subunit B from
chlora toxin can be a dual vaccine for chlora/ ETEC. In
other studies, CF factors have been produced in strains
of Salmonella and Vibrio cholera vaccines and have
been presented on the bacterial surface (62, 63).
Chimeric immunogens: Nowadays, design of vaccine
candidates focuses on chimeric proteins. The chimeric
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proteins containing protein subunits, linkers, and
adjuvant sequences not only can enhance the
immunogenicity of recombinant proteins, but also
induce and cause widespread immune responses to
cellular and humoral proteins. If a chimeric protein has
an antigen of several different pathogens or different
strains of a pathogen, it is possible to create the same
immunity against different agents with only one protein
(23, 64). In the following study, the main components
of CFA / | and CS2 factors were fusion based on the
surface of Escherichia coli bacteria. Another chimeric
protein is also designed and manufactured, which
includes the K88 fimbriae and ETEC toxins. The fusion
protein of LTB-ST was considered as nanocapsules for
immunization and toxin protection (65-67). The results
of the research on the chimeric protein containing three
colonization factors of CFA /1, CS2, CS3 and B subunit

Table 1. Vaccine development approach against ETEC

Candidate for the vaccine
Fourth complete inactivated cell with LTB-CTB toxoid
Activated reduced rebate cell based on Omp, omp F, aroC
genes with dmLT adjuvant

Typhoid cell vaccine presenting of Toxoid LT-ST

Second generation Shigella reduced rebate presenting of
colonization and toxoid factors of LT

Subunit Vaccine against binding-factors

Subunit vaccine against binding-factors and toxoid

Fusion LT-ST and Conjugated LT and ST

Discussion

Considering the available evidence, including the
fact that ETEC-induced diarrhea decreases with
increasing age of children, as well as the observation of
antibodies against acute bacterial factors in patients'
blood, it seems that the immune response is normal in
these individuals. On this basis, it can be concluded that
the production of a safe and effective vaccine against
ETEC is possible .However, the epidemiological studies
that have been done so far have made scientists more
aware of the ETEC burden index, however, there are
still some inaccuracies in information about mortality
rates, bacterial outbreaks, and diagnosis and coping
with it. Precise studies can reduce information
deficiencies and help in the development of coping
strategies. Considering that studies on immunization
against ETEC have not succeeded so far, the use of
known virulence factors along with the bioinformatics
of isolated strains genomes can be challenging in the
development of vaccines protects against ETEC with
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of LT toxin from enterotoxicogenic E. coli showed that
the immune system was stimulated against all four
protein forming components of the chimer (16). Since
CS6 colonization factor is also one of the most common
colonization factors in ETEC strains, the chimeric
protein composed of the main and secondary subunits
of the CS6 and LTB coupling factor and its immunity
was investigated (55). It has also been shown that the
use of CfaE, CfaB and LTB chimeric proteins can
reduce the amount of bacterial binding activity and the
effects of heat-sensitive toxin (2). The design of the
recombinant protein CstH and LTB fusion, the chimer
protein having CS6 and CFA / | colonization factors,
and resistant bacteria sensitive toxins show similar
results in the efficacy of multiple immunogens against
ETEC (44, 53, 54). Table 1 summarizes the status and
development of vaccine against ETEC.

Developer Progress status

Phase 2 Clinical

PATH Phase 2 Clinical
Prokarium company Preclinical
CVD Vaccine Development Center Preclinical
NMRC Phase 2 Clinical
University of Kansas Preclinical
International Intestinal VVaccine Consortium Preclinical

high rates. The results of the research show that there is
a challenge in the development of the vaccine against
ETEC that there are different strains with different
colonization factors, which greatly reduces the efficiency
of individual immunosuppression. Accordingly, the use of
chimer protein that has multiple candida can help.
Another important topic for success in producing
vaccine against intestinal pathogens is to consider the
route of prescribing a vaccine to the body. The use of
nanotechnology as well as herbs for oral administration
provides an appropriate presenting of immunogens to
the mucosal immune system. Supports from various
organizations, such as the World Health Organization,
can provide valuable assistance in obtaining appropriate
protective mechanisms against ETEC.
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