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ABSTRACT
Colibacillosis is a bacterial disease of humans, animals and birds caused by Escherichia coli, pathogenic gram-negative bacillus. Despite its secondary nature, coli-
bacillosis widely affects poultry farms and causes significant economic losses. The disease spread is closely associated with antibiotic resistance problem because 
a diseased carrier bird may be a reservoir of antibiotic-resistant Escherichia coli strains. In addition, genes of virulence and resistance have been proven to be trans-
ferred from avian Escherichia strains to extra intestinal pathogenic strains that are dangerous to humans. Colibacillosis is transmitted aerogenically, alimentally, 
rarely transovarially, with droppings, mucus, feed, water, handling tools and operating personnel. Birds are most susceptible at the age of 1–14 days and at the onset 
of laying period. The disease may present as acute, subacute and chronic forms and is most often manifested by catarrhal hemorrhagic enteritis with profuse foamy 
diarrhea, respiratory tract lesions, fibrinous peritonitis and polyserositis, as well as a significant decrease in weight gains, stunting, egg laying decrease or complete 
cessation. Colibacillosis is diagnosed comprehensively taking into account the epizootic situation, findings of clinical examination and postmortem examination 
of dead or emergency-slaughtered poultry as well as laboratory test and bioassay results. Bacteriological, serological and molecular genetic methods are used 
for the disease diagnosis. Colibacillosis prevention includes improvement of poultry keeping practice (control of feed and water quality, disinfection, pest control, 
microclimate control) as well as timely complex vaccination of all poultry. The disease shall be treated taking into account primary etiological factors and bacteria 
sensitivity to antimicrobials.

Keywords: review, colibacillosis, poultry farming, epizootiology, Escherichia coli

For citation: Gerasimova  A.  O., Novikova  O.  B., Savicheva  A.  A. Avian colibacillosis  – current aspects. Veterinary Science Today. 2023; 12  (4): 284–292. 
DOI: 10.29326/2304-196X-2023-12-4-284-292. 

Conflict of interests: The authors declare no conflict of interests.

For correspondence: Alina O. Gerasimova, Postgraduate Student, Microbiology Department, All-Russian Research Veterinary Institute of Poultry Science – 
Branch of the Federal Scientific Center “All-Russian Research and Technological Poultry Institute” of Russian Academy of Sciences, 198412, Russia, Saint Petersburg, 
 Lomonosov, ul. Chernikova, 48, e-mail: gerasimova.alina.20@yandex.ru.

РЕЗЮМЕ
Колибактериоз – бактериальная болезнь человека, животных и птиц, вызываемая патогенной грамотрицательной палочкой Escherichia coli. Несмотря на 
то что болезнь носит секундарный характер, колибактериоз затрагивает птицеводческие хозяйства повсеместно, нанося значительный экономический 
ущерб. Распространение болезни тесно связано с проблемой антибиотикорезистентности, поскольку больная птица-носитель может являться резерву-
аром штаммов Escherichia coli, устойчивых к действию антибактериальных средств. Кроме того, доказана возможность передачи генов вирулентности 
и резистентности от птичьих штаммов эшерихий внекишечным патогенным штаммам, опасным для человека. Колибактериоз передается аэрогенно, 
алиментарно, реже – трансовариально через помет, слизь, корма, воду, предметы обихода и обслуживающий персонал. Наиболее восприимчивы птицы 
в возрасте 1–14 сут и в период начала яйцекладки. Болезнь протекает в острой, подострой и хронической форме и чаще всего сопровождается ката-
рально-геморрагическим энтеритом с профузной пенистой диареей, поражением респираторного тракта, фибринозным перитонитом и полисерозитом, 
а также значительным снижением привесов, отставанием в росте, снижением или полным прекращением яйценоскости. Диагноз «колибактериоз» 
ставится комплексно с учетом эпизоотической ситуации, данных клинического осмотра и патолого-анатомического вскрытия павшей или вынужденно 
убитой птицы, а также результатов лабораторных исследований и постановки биопробы. Для диагностики заболевания применяют бактериологиче-
ские, серологические и молекулярно-генетические методы. Профилактика колибактериоза достигается путем улучшения условий содержания птицы 
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The scientific novelty of the presented review is in de-
scription of  modern methods for  E.  coli detection and 
identification, new trends in colibacillosis treatment and 
prevention.

The work was aimed at summarizing scientific literature 
data on avian colibacillosis and highlighting the most im-
portant aspects of its investigation.

AGENT CHARACTERIZATION
Avian colibacillosis is caused by E. coli (avian patho-

genic Escherichia coli, APEC), the  most widespread 
member of Enterobacteriaceae family that was named 
after T.  Escherich, German pediatrician, who isolated 
the said pathogen from intestinal contents in children 
for the first time in 1885 [10]. Straight or slightly curved 
Gram-negative rods that are motile due to flagella and 
peritrichial cilia and occur singly less often in pairs in 
smears (Fig. 1). 

On dense media E. coli bacteria form smooth round 
colonies of medium size (1.5–2.5  mm) (Fig.  2). Further-
more, they actively ferment glucose, lactose, mannitol, 
arabinose, galactose with acid and gas production; they 
typically do  not ferment sucrose and dulcite; produce 
indole, do not produce hydrogen sulfide; reduce nitrates  

INTRODUCTION
Colibacillosis (escherichiosis) is a zooanthroponotic 

bacterial septicaemic disease of poultry and wild birds, 
affecting mainly gastrointestinal and respiratory tracts, 
causing high mortality and serious economic losses [1].

It is generally believed throughout the world that avi-
an colibacillosis occurs as a secondary disease when the 
immunity is suppressed and overall body resistance is 
decreased. This is most often associated with shortages 
in poultry keeping and feeding practices, serious poultry 
management shortcomings, as well as the presence of 
viral (avian influenza, Newcastle disease, acute infectious 
bronchitis, infectious bursal disease, etc.) and bacterial 
(pasteurellosis, Haemophilus infection, staphylococcosis, 
mycoplasmosis, etc.) diseases  [2,  3,  4]. Escherichia coli 
infections cause losses due to embryonated egg and 
chick deaths, poor development of convalescent poultry, 
reduced egg laying and weight gain, culling of  carcas-
ses, spread of pathogenic and antibiotic-resistant strains 
among adult poultry [1, 2, 3]. “Colibacillosis” diagnosis is 
the most common in veterinary reporting since the di-
sease is not a “quarantine disease”, and E. coli are found 
in the vast majority of outbreaks and have no negative 
impact on the holding reputation [4].

Colibacillosis poses a serious threat both to birds and 
humans. The uncontrolled use of  chemotherapeutics 
in poultry and animal farming industry resulted in forma-
tion of a reservoir of antibiotic-resistant E. coli strains ca-
pable of being transmitted to humans through processed 
products produced by commercial agricultural establish-
ments [5, 6]. Whole genome sequencing has shown that 
human extra-intestinal pathogenic E. coli (ExPEC) is gene-
ti cally similar to avian pathogenic E. coli strains. Virulence 
and antibiotic resistance genes are proven to  be hori-
zontally transferred. Moreover, avian ExPEC-specific ColV 
(colicin V) plasmid have been detected in human ExPEC 
isolates that suggests a possible zoonotic transmission of 
pathogenic Escherichia from poultry to humans [7, 8].

In February 2017, the World Health Organization pub-
lished a list of 12 species of bacteria resistant to antimicro-
bials and posing the most threat to human health. E. coli 
was classified to  category  1 comprising bacteria with 
critical antibiotic resistance together with other Entero-
bacteriaceae family members, Pseudomonas aeruginosa 
and Acinetobacter baumannii, resistant to carbapenems 
and producing extended-spectrum beta-lactamases [9].

(контроль качества корма и воды, дезинфекция, дератизация, контроль параметров микроклимата), а также своевременной комплексной вакцинацией 
всего поголовья. Лечебные мероприятия должны планироваться, основываясь на первичных этиологических факторах и чувствительности бактерий 
к противомикробным средствам.
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Fig. 1. Morphology of Gram-stained E. coli (magnification 40×)
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CURRENT ASPECTS OF DIAGNOSIS
Bacteriological methods. Samples are inoculated 

on dehydrated Endo’s or Levin’s medium and incubated 
at temperature of 37–38°C for 24 hours for the bacteria 
isolation and differentiation. Then the most characteris-
tic E. coli colonies are selected and smears are prepared, 
Gram-stained and examined under microscope. When 

to nitrites, do not dilute gelatin, do not grow on a citrate- 
containing medium, do  not digest urea; demonstrate 
positive methyl red test reaction and negative Voges– 
Proskauer test reaction (Fig. 3) [11, 12]. 

E. coli bacteria are rather persistent in the environment. 
The pathogen is decontaminated by heating to 60 °C for 
15 minutes and decontaminated instantly by boiling at 
100 °C. The bacteria are able to survive in the environment 
(water, soil, household items) for several months, in food – 
for more than 30 days. In addition, E. coli are highly sus-
ceptible to most disinfectants (formaldehyde, chlorine 
preparations, sodium hydroxide,  etc.) and antibiotics 
(tetracyclines, aminoglycosides, rifampicin, etc.), however, 
they are able to acquire resistance to antimicrobial drugs 
through R-plasmids. Horizontal transfer of resistance plas-
mids promotes the spread of resistance within the bacte-
rial population [10, 13, 14, 15].

All poultry, ornamental, exotic and wild bird species are 
susceptible to the disease.

Colibacillosis is transmitted alimentary, aerogenically 
and transovarially. The infection transmission factors in-
clude feed, bedding, handling tools, rodents, synanthropic 
birds, operating personnel.

Chicks at the age of 1–14 days are the most suscep-
tible and can be affected with acute disease in the form 
of sepsis. Poultry during the laying period are also sus-
ceptible. Convalescent adult birds become pathogen-car-
riers and often serve as a reservoir of pathogenic E. coli 
strains [1, 2].

Incubation period varies from several hours to 6 days.
The disease occurs in acute (sepsis), subacute and 

chronic forms and characterized by hyporexia or ano-
rexia, depression, significantly reduced weight gain, 
foamy yellow-green diarrhea, and when respiratory 
tract is  affected  – by  rales, sneezing and profuse na-
sal discharges. The  following postmortem lesions are 
found in necropsied birds: petechiae and ecchymoses 
on mucous membranes and internal organs, catarrhal 
hemorrhagic enteritis, pancreatitis, splenitis, fibrinous 
peritonitis and polyserositis; cecum is often swollen  
(Fig. 4) [1, 16, 17].

REVIEWS | AVIAN DISEASES ОБЗОРЫ | БОЛЕЗНИ ПТИЦ 

Fig. 3. Biochemical properties of E. coli on triple sugar iron 
agar: А – control sample containing medium not inoculated 
with the culture; B – test samples with E. coli: the medium 
slant turns yellow due to lactose fermentation, and glucose 
and sucrose fermentation with acid and gas formation 
discolors the medium column with butt splitting

A

Fig. 2. E. coli growth on dense nutrient media:  
А – E. coli colonies with characteristic metallic sheen on Endo agar; В – E. coli colonies on XLD-agar

A B

B



287

Fig. 4. Postmortem lesions detected in turkey poults infected with E. coli culture:  
А – multiple hemorrhages in intestine mucosa; В – splenitis; C – hemorrhages in epicardium; D – cecum swelling 

A B

C D
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Motile Escherichia have flagellar H-antigen consisting 
of the flagellin protein and are thermolabile. Totally, there 
are about 70 H-antigen variants.

Some bacteria possess capsular mucopolysaccride 
thermostable K-antigen (Vi-antigen) located outside the 
somatic antigen. This allows bacteria to block agglutina-
tion reaction to specific O-serum. About 100 K-antigen 
variants and 3 classes among them: A, B and L. Antigens 
of class A are thermostable and antigens of class B and L 
are thermolabile.

Also, 17 types of fimbrial F-antigens required for bacte-
ria adhesion have been described. F-antigens are classified 
into mannose-sensitive and mannose-resistant depend-
ing on whether agglutination is inhibited in the presence 
of mannose or not.

There are several diarrheagenic groups within 
known E.  coli serotypes: entertoxicogenic (ETEC); en-
teroinvasive (EIEC); enteropathogenic  (EPEC); entero-
hemorrhagic (EHEC); enteroaggregative (EA) и diffusely 

Gram-negative rounded rods are detected in the smears, 
the colonies are re-seeded on Olkelnitsky’s triple sugar 
agar, Gissa’s, Simmons media, Kligler agar for testing them 
for biochemical properties. Paper indicator discs are used 
for the same purpose [17, 18]. The diagnosis is made based 
on E. coli isolation from cardiac blood, bone marrow, liver, 
spleen and pericardium tissues. Isolation of E. coli from in-
testine is considered diagnostically insignificant [19].

Serological methods. E. coli has 900 known serotypes. 
They are differentiated by examination of bacteria antigen-
ic properties. 

Somatic O-antigen is a  lipopolysaccharide-protein 
complex of outer membrane of bacterial wall and defines 
the serological group of the bacteria; O-antigen-lacking 
strains form rough colonies of  R-form and most often 
are non-virulent. To date, 175 O serogroups have been 
identified. Prevailing serogroups are O1, O2 and O78 but 
they account for only 15 up 60% of isolates depending 
on testing [20].
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Antimicrobial peptides, phytobiotics, probiotics, bac-
teriophages are alternatives widely used for bacterial dis-
ease therapy. According modern studies, they are found to 
be highly effective for both in vitro and in vivo colibacillosis 
control [26, 27, 28].

Antimicrobial peptides (AMPs) are a promising natural 
alternative to traditional antibiotics. AMPs are characte-
rized by rapid and highly selective antimicrobial effect, as 
well as a low drug resistance tendency and easy synthe-
sizability. Moreover, they demonstrate immunomodula-
tory and anti-endotoxin activity, inhibit proinflammatory 
reactions, stimulate chemotaxis and differentiation of 
immune cells [29, 30, 31]. Kathayat D. et al. during their 
study performed in 2021 found that AMPs derived from 
Lactobacillus rhamnosus probiotic bacteria were active 
against resistant E.  coli serotypes isolated from birds, 
as well as reduced the number of  Enterobacteriaceae 
in chicken caeca, with minimal impact on intestinal mi-
crobiota [32].

Inhibition of Escherichia quorum sensing (QS), a phe-
nomenon underlying the bacteria social behavior, abili-
ty to regulate gene expression in response to changes 
in the microorganism population density, has become 
a new strategy for avian colibacillosis control. This regula-
tion mechanism serves to enhance bacteria survivability. 
Quorum sensing inhibitors (QSI) are targeted to bacteria 
signaling circuit disruption and population virulence re-
ducing. The use of QSI for avian colibacillosis treatment 
is described. Some studies showed that QSI significantly 
reduced the mortality of chickens caused by the  infec-
tion. Moreover, some inhibitors (QSI-8 and QSI-10) have 
beneficial effects on the intestinal microbiota through 
increasing the number of Butyricicoccus spp. and Lactoba-
cillus spp. [7, 33, 34, 35].

The  use of  bacteriophages for  avian colibacillosis 
treatment has been widely described. Their principle 
of  action is a  highly specific effect on  bacterial cells 
causing their lysis. Some studies demonstrated suc-
cessful application of lytic bacteriophages for inhibition 
of pathogenic E. coli strain development. At the same 
time, many authors note a decrease in the effectiveness 
of biologicals in vivo [36, 37, 38, 39]. Sørensen P. E. et al. in-
dicate the prospects of investigations related to the use 
of  bacteriophages in  poultry farming, however, they 
emphasize the problem of bacteriophage-resistant mu-
tant APEC strain emergence. Bacteria are able to develop 
phage resistance through various mechanisms: sponta-
neous mutations, acquisition of restriction-modification 
(R-M) systems, adaptive immunity associated with clus-
tered regularly interspaced short palindromic repeats 
(CRISPRs) [40].

CURRENT ASPECTS OF PREVENTION
Nonspecific prevention of  avian colibacillosis relies 

on good management practice including appropriate 
veterinary and sanitary measures: use of all-in-all-out 
management practice and sanitary breaks before re-
stocking, good egg acceptance and incubation hygiene 
practice, timely disinfection and pest control, use of 
pathogenic Escherichia-free feedstuffs and feedstuffs 
protected from rodents and wild birds, microclimate 
maintenance [23, 41, 42].

Current trend in poultry farming industry is introduction 
of alternative feed additives having  immunostimulating 

 adherent (DAEC) E. coli. Colibacilloses are classified based 
on different pathogenicity factors possessed by the 
agent [11, 16, 18, 21].

Slide or  tube agglutination test with E.  coli-specific 
sera is  performed for  serological Escherichia differenti-
ation. At first, suspension is prepared by adding 0.85% 
sodium chloride solution to concentration of 2–3 billion 
microbial  cells / cm3, and then it is heat treated – heated in 
a water bath at 100 °C for 1 hour and autoclaved at 1 atm 
for 2 hours to destroy the surface K-antigen [16]. Serotyp-
ing remains the most frequently used diagnostic  method 
in laboratories, but it only allows the identification of 
a limited number of APEC strains. Therefore, this method 
cannot be used as an effective diagnostic tool, particularly 
since serotype does not reflect the virulence trait [20].

Molecular-genetic methods. Tests by polymerase 
chain reaction (PCR) are used for rapid pathogen detection 
in clinical samples. DNA from tracheal and intestinal mu-
cosa scrapings, parenchymal organ and red bone marrow 
pieces are used for the PCR. Control sample and negative 
control are concurrently tested with PCR [22]. Colibacil-
losis is diagnosed when at least one of the determinants 
of pathogenicity is detected in samples: P-fimbrial pro-
tein  (papC), temperature-sensitive hemagglutinin  (tsh), 
iron-binding protein (fyuA/irp 2), aerobactin (iutA/iucD), 
increased serum survival protein (iss), colicin V plasmid 
(cva/cvi), enteroaggregative E. coli heat-stable toxin (astA2), 
vacuolating autotransporter toxin (vat) [8, 23]. Some other 
virulence genes involved in the development of avian coli-
bacillosis have also been identified: genes encoding ad-
hesins (F1, P and Stg fimbriae, curli and EA/I), host immunity 
protection factors (OmpA, lipopolysaccharide and K1), iron 
acquisition systems (Iro proteins, yersiniabactin and iron 
acquisition Sit locus), autotransporters (AatA), phosphate 
transport system, sugar metabolism and IbeA protein.

Numerous studies have demonstrated that these 
virulence factors (VFs) are rarely all present in the same 
isolate, showing that APEC strains constitute a large hete-
rogeneous group. Different isolates may harbor different 
associations of virulence factors, each one is able to induce 
avian colibacillosis [20].

Today, double digest selective label (DDSL) technique 
is one of the most accurate and highly specific methods 
of genotyping. It allows pathogen DNA to be detected 
in samples as well as the infection pathways to be tracked, 
close related strains and mutations to be identified. The ac-
curacy of this method determined based on discrimination 
index, exceeds the accuracy of pulsed-field gel electropho-
resis – gold standard for genotyping [24].

CURRENT ASPECTS OF THERAPY
Colibacillosis therapy includes use of  antibacterial 

agents. Mass monitoring carried out in 2015–2020 has 
shown that E. coli strains are currently susceptible to al-
most all classes of antibiotics, except for carbapenems [8]. 
Preliminary testing of Escherichia for susceptibility to anti-
biotics followed by selection of appropriate drug is an im-
portant therapy stage [23]. The Committee for Veterinary 
Medicinal Products of the European Medicines Agency 
actively revises guidelines for use of antibiotics in animal 
farming industry including dosing regimen optimization 
to prevent expansion of the resistome (a set of antibiotic 
resistance genes) among animals and, as a result, in hu-
mans [25].
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tion method, safety, long shelf life without need for a cold 
chain, possible needle-free administration and universal-
ity [51, 52].

CONCLUSIONS
Russian and foreign scientific literature review has al-

lowed us to make the following conclusions.
1. Currently, colibacillosis is of great concern for poul-

try industry for many reasons. Firstly, colibacillosis causes 
severe economic losses on farms, affects poultry perfor-
mance and compromises poultry welfare. Secondly, conva-
lescent carrier birds are able to form reservoirs of resistant 
E. coli strains. Thirdly, APEC strains are genetically similar 
to with extra-intestinal pathogenic human E. coli strains, 
that makes transfer of virulence and antibiotic resistance 
genes between them possible.

2. Bacteriological, serological and molecular genetic 
test methods are used for E. coli detection and identi-
fication. Bacteriological methods enable coliform iso-
lation from pathological materials but cannot be used 
for pathogenicity determinant identification and sero-
typing. Serological diagnostic methods using E. coli-spe-
cific sera are used for serotyping. The said methods are 
considered less informative for  avian colibacillosis di-
agnosis since they do not allow for bacteria virulence 
determination. Molecular genetic diagnostic methods 
are more specific and informative since they allow for 
detection of bacteria in pathological materials as well as 
identification of pathogenicity determinants, determina-
tion of the genetic relationship between isolates and the 
infection pathways.

3. Antibiotic resistance is a problem attracting attention 
of researchers and medical and veterinary practitioners 
around the  world. Therefore, search for safe and envi-
ronment-friendly alternatives to antibiotics has become 
of current importance for treatment of bacterial diseases 
(including colibacillosis). The successful use of antimicrobi-
al peptides, quorum sensing inhibitors and bacteriophages 
for avian colibacillosis treatment is described. It has been 
experimentally proven that the above-mentioned agents 
are capable of suppressing the pathogenic Escherichia re-
production in poultry, demonstrate immunomodulatory 
activity and at the same time do not have a negative effect 
on intestinal microbiocenosis. The examination of biosafe 
alternatives is a promising area for further studies, and, 
nevertheless, antibiotics remain the first choice drugs for 
the treatment of bacterial diseases.

4. Widespread refuse to use in-feed antibiotics as a non-
specific prevention and growth stimulation tools has re-
sulted in the large-scale use of feed additives: prebiotics, 
probiotics, synbiotics, phytobiotics, essential oils,  etc. 
Numerous studies have shown positive effect of  these 
additives on poultry performance, intestinal microbiota, 
non-specific immunity response and of intestinal barrier 
function maintenance.

5. Wide serological Escherichia diversity makes diffi-
cult specific avian colibacillosis prevention. Attenuated 
vaccines based on mutant APEC strains lacking virulence 
genes but retaining susceptibility to antimicrobials are 
being actively developed. Moreover, synthetic vaccines 
based on outer membrane vesicles and ghost cells are 
of great scientific interest. To date, such vaccines have 
been found to have specific effect as well as to stimulate 
cellular and humoral immunity.

 effect. Such additives include: prebiotics, probiotics, 
synbiotics, essential oils. Lactic acid bacilli are known to 
synthesize bacteriocins and bacteriocin-like factors that 
are antagonists of putrefactive, pathogenic and oppor-
tunistic microflora due to their ability to produce lacta-
biotics, lactacins having antimicrobial activity, as well 
as hydrogen peroxide, lysozyme, interleukins, interfe-
rons, etc. [23, 26, 43].

The effect of biologicals inoculated in ovo is being ac-
tively studied. To date, it has been found that the injection 
of probiotics and phage cocktails into the amniotic fluid 
prevents colibacillosis at the stage of chick hatching, but 
is ineffective for mass long-term prevention on large poul-
try farms [44, 45].

Specific prevention includes timely vaccination of poul-
try contributing to disease freedom maintaining.

There are live and inactivated vaccines, monovac-
cines against colibacillosis, as well as combined vaccines 
against several diseases. Live vaccines in poultry farming 
industry are most often administered to group of poultry 
with drinking water, by coarse and fine spraying. Whereas, 
inactivated vaccines are administered to  each bird pa-
renterally: intramuscularly, subcutaneously in the middle 
third of the neck, cutaneously, intranasally, intraocularly 
or cloacally [16, 23, 24, 41, 42, 43, 46].

Studies conducted in Japan in 2017 [47] showed high 
effectiveness of live attenuated vaccine against colibacil-
losis caused by E.  coli serovar  O78. Attenuated E.  coli 
strain was constructed in 2012 by the allelic exchange 
procedure based on the mutant AESN1331strain contain-
ing a deletion in the C-reactive protein (crp) gene, lack-
ing virulence-associated genes (iss, tsh, cvaA and papC) 
and susceptible to many antimicrobials, except for nali-
dixic acid [48].

Non-cellular vaccines based on bacterial outer mem-
brane vesicles  (OMVs)  – proteolipid nanostructures se-
creted by  Gram-negative bacteria and enriched with 
various immunoactive molecules (cell wall components, 
membrane proteins, cytoplasmic proteins and bacterial 
nucleic acids) are described. Such vaccines confer strong 
cross-immunity against several E. coli serogroups through 
enhancement of nonspecific serum immune factors, spe-
cific antibody response and spleen and peripheral blood 
lymphocyte proliferation. Studies carried out by R. Hu et al. 
in 2020 demonstrated the effective use of OMVs vaccines 
based on E. coli O1, O2 and O78 serogroups, that reduced 
bacterial load and stimulated proinflammatory cytokine 
production [49, 50].

Non-live vaccines based on bacterial ghosts (BGs) – 
cell envelopes devoid of genetic and cytoplasmic com-
ponents and produced by controlled expression of lysis 
E gene of PhiX 174 bacteriophage are currently of scien-
tific and practical interest. Bacterial ghosts are proven 
to possess adjuvant properties and also show tropism 
to host antigen-presenting cells, allowing the induction 
of humoral and cellular immune responses (in particular, 
they maintain high levels of IgY, IgA and IFN-γ, as well as 
increase the production of proinflammatory IL-6, IL-1β 
and TNFSF15 cytokines). At the same time, the bacterial 
ghosts do not have any endotoxicity and exhibit anti-
genic properties of  living bacteria. Antigenic epitopes 
are  transferred in  inner or outer membrane proteins, 
as well as in flagella, fimbria or periplasm. Bacterial ghost-
based vaccines advantages include simplicity of produc-
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