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 Supplementation of Campylobacter infected chickens with
microencapsulated EcN in feed or water in a field
simulating condition.

RESULTS

OBJECTIVES

METHODS
1. Probiotic EcN was encapsulated using chitosan-alginate

method (4). The size of the EcN microcapsules was ranged
between 700 and 800 μm (Fig. 2).

2. Chickens were treated with the microencapsulated or free EcN
orally and challenged with C. jejuni infected (Fig. 3).

3. Genomic DNA was extracted from the chicken’s cecum to
determine the effect of EcN treatments on the gut microbiota.

4. Intestinal morphology (ileum and jejunum) of chickens was
measured using histopathology.

5. C. jejuni-specific IgA and IgY in chicken’s serum was
measured using enzyme-linked immunosorbent assay
(ELISA).

6. The expression of cytokines and chemokines associated
genes was determined using quantitative real-time reverse
transcription PCR (qRT-PCR).

 EcN (microencapsulated and free) reduced Campylobacter
colonization in chicken's cecum. The experimental design is
shown in Figure 3).

Figure 2. Confocal laser scanning microscopic images of; A) free EcN cells, and B)
chitosan- alginate microencapsulated EcN cells. The bacterial cells were pre-stained with 2 μM
SYTO-9 fluorescent dye. EcN cells were aggregated inside the chitosan-alginate
microencapsule. The margins of the formed microcapsules were clear. The size of the EcN
microcapsules ranged between 700 and 800 μm.

CONCLUSION 

Figure 3. Experimental design for evaluating the efficacy of chitosan-microencapsulated and free
EcN in C. jejuni infected chickens. Chickens were divided into four groups; 1) treated with
encapsulated EcN, 2) treated with free EcN, 3) non-treated and infected with C. jejuni (PC;
positive control), and 4) non infected, non-treated (NC; negative control). Chickens (n=12/group)
were treated with microencapsulated (9.6× 108 CFU/bird) and free EcN (1× 109 CFU/bird) once
daily (3 doses weekly; for 2 weeks; week 4 and 5 of age) using oral gavage. The first 3 doses
were given one week before challenge, followed by 3 doses after the challenge with one day
interval between each treatment. Chickens were challenged orally at 4 weeks of age with a
cocktail of 6 C. jejuni strains (mixture of C. jejuni 81-176 and five genetically diverse chicken
associated field isolates) at a concentration of 1× 105 CFU/bird.

Figure 4. A) Effect of EcN treatment on C. jejuni colonization in chicken. EcN reduced
C. jejuni population in the cecum. B) Chicken’s body weight at 5th weeks of age. *P <
0.05, One-way ANNOVA.

1. Probiotic EcN (microencapsulated or free) reduced C.
jejuni colonization in infected chickens. However,
microencapsulated EcN was more efficient.

2. EcN (microencapsulated or free) improved the intestinal
morphology, increased the anti-Campylobacter IgA and
IgY responses and enhanced the immune response of
treated chickens which likely contributed to protection of
chickens against C. jejuni infection.

3. Microencapsulated EcN treatment increased the
abundance of beneficial microbes in chicken’s gut and
consequently the growth performance.

 In summary, EcN (microencapsulated and free) displayed
a promising effect as a potential antibiotic-independent
approach to control C. jejuni infection in chickens. Further,
use of probiotic EcN can promote poultry health, growth
rate, and immunity of chickens thus enhances the food
safety and security.

 EcN (Free and microencapsulated) did not impact the richness
and evenness of the cecal microbiota

Figure 5. Relative
abundance (%) of
gut microbes
(genus level) in free
and encapsulated
EcN treated, NC
and PC groups.
Analysis of
microbial
sequences was
performed using
QIIME 2. *P<0.05,
Mann-Whitney U
test..

Table 1: Effect of EcN (free and microencapsulated) treatment and C. jejuni
infection on the expression of cytokines and chemokines associated genes.

 EcN treatment increased the anti-Campylobacter IgA (Fig.
7A) and IgY (Fig. 7B) in chicken's serum

 Encapsulated EcN reduced C. jejuni population in the cecum by
2.6 logs; while free EcN resulted in 2.1 log reduction compared
to PC group (p<0.05; Fig. 4A).

 Treatment of the birds with EcN (microencapsulated/free)
increased the growth performance (body weight) of chickens.
Though, microencapsulated EcN significantly increased the
chicken’s body weight (p<0.05 ; Fig. 4B).Figure 1: Schematic

representations of
biological mechanisms
of action of probiotics
against C. jejuni (5).
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 Microencapsulated EcN increased the abundance of
beneficial microbes including Bacillus (1.4% to 2.5%), Blautia
(4.2% to 6.7%), Ruminococcus (torques group) (4.7% to
13.9%; P<0.05), Butyricicoccus (1.4% to 3.1%),
Faecalibacterium (10.8% to 11.3%), Ruminococcaceae UCG-
005 (1.3% to 3.1%; P<0.05), and Akkermansia (4.2% to
6.5%) in the cecum; whereas free EcN increased Bacillus
(1.4% to 4.5%), Blautia (4.2% to 7.0%), Ruminococcus
(torques group) (4.7% to 10.9%; P<0.05), Butyricicoccus
(1.4% to 1.6%), and Akkermansia (4.2% to 13.0%) compared
to PC group (Fig. 5).

 EcN increased the villus height, crypts depth and Villus:
Crypts (V:C) ratio of jejunum and ileum of treated
chickens

 Infection of the chickens with C. jejuni reduced (P<0.05) the
villi height and the crypts depth in the jejunum and ileum
compared to NC group. These changes resulted in reduction
in V:C ratio of the jejunum and ileum in the PC group
compared to the NC group (P<0.05; Fig.6).

 Treatment of chickens with different forms of EcN reversed the
effect of C. jejuni infection by increasing the villi height, crypts
depth and V:C ratio in the jejunum and ileum of the treated
chickens compared to PC group (P<0.05; Fig.6).

Encapsulated 
EcN*

Free EcN* PC**

IL-4 2.4 2.0 1.2

IL-6 4.3 1.0 1.0

IL-10 1.6 1.2 2.7

IL-17F 3.4 1.5 1.1

IL-17A 3.5 1.5 2.9

IFN-alpha 2.4 1.7 1.5

IL-1B 3.2 1.1 1.9

Ch-CXCLI1 2.0 1.1 1.8

Ch-CXCLI2 3.3 1.2 1.2
Data is presented as fold change. A fold change of ± 1.5 ≥ or ≤ 1.5 and a P-value ≤ 0.05 was
used to determine significant differences in the expression of the genes. *Compared to the
positive control (PC); **Compared to the negative control (NC).

Microencapsulated EcN induced the expression of
cytokines and chemokines in chicken's cecal tonsils.

 Treatment of the infected chickens with microencapsulated
EcN significantly induced (P<0.05) the expression of the
Th17 pathway markers which includes cytokines such as IL-
17A, IL-17F, IL-6, IL-1β, and chemokines such as CXCLI1
and CXCLI1 compared to PC group (Table 1).

 The microencapsulated EcN also increased the expression of
IL-10, which is produced by regulatory T-cells (Treg) to
control the inflammatory effects of the Th cell responses.
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Figure 7. Immune responses of C. jejuni infected chickens treated with EcN (free
or microencapsulated). Concentration of anti- Campylobacter; A) IgA and B) IgY in
chicken’s serum was determined by ELISA at 5th week of age. Free and
microencapsulates EcN significantly increased the IgA and IgY levels in chicken’s
serum compared to PC group. *Significant increase of antibodies titer in the serum of
treated chickens compared to the control group (P < 0.05).

(A) (B)

Figure 6. Effect of EcN treatments on the intestinal villi height, crypts depth and
villus height: crypts depth (V:C) ratio in; A) jejunum and B) ileum of treated
chickens. Approximately 2 cm of the ileum and jejunum was collected individually from
each chicken of the treated and control groups and fixed in 10 % neutral buffered
formalin. The tissues were embedded in paraffin, and 3.5 μm sections were prepared
and stained with hematoxylin and eosin (H&E). *Significant increase of villi height,
crypts depth compared to the control group (P < 0.05).
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1. Evaluate the ability of free or chitosan-EcN microcapsules to
reduce C. jejuni colonization in chickens.

2. Measure the effect of free and encapsulated EcN on
chicken’s intestinal morphology, gut microbes, and immune
response.

C. jejuni is a leading cause of bacterial foodborne poisoning in
humans worldwide with over 800,000 illnesses and 8,000
hospitalization in the U.S. annually (1).

 Infection is self-limiting in humans and characterized by
gastroenteritis and severe neurological complications (2).

Chickens are the major source of human infections and can be
transmitted via poor handling of raw chicken or consumption of
undercooked chicken products (3).

Currently, there is no effective and practical intervention to
reduce human infections or to limit C. jejuni colonization in
chickens.

Antibiotic resistant infections pose a serious public health
concern; therefore, a critical need exists for developing
sustainable antibiotic-alternative approaches such as probiotics.

E. coli strain Nissle 1917 (EcN) is a well-established probiotic
bacterium which, when administered in an adequate quantity,
confers host beneficial effects. There are several mode of
actions of probiotics (Fig. 1).

The microencapsulation process of EcN has many advantages;
1) maintain the viability of EcN, 2) protect the EcN from harsh
conditions (low pH and bile salt), 3) support attachment of EcN
to intestinal cells, 4) protect EcN from freezing, thawing, and
high temperature, which allows its incorporation in animal and
poultry feed, and 5) regulate the number of EcN released cells
and thus may extend the interval of repeated administration (4).
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