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Abstract

Background: The development of proper immune responses to Newcastle disease (ND) vaccines is important in controlling the
disease. Escherichia coli strain Nissle 1917 (EcN) is involved in regulating the immune system. Aims: The current study evaluated
the effects of EcN on immune responses to ND live vaccines in Japanese quails. Methods: A total of 150 one-day-old quails were
divided into three equal groups. Groups A and B received 107 and 10° CFU/ml/day of EcN, respectively, sprayed on their diets, while
group C received 1 ml/day of PBS. All birds were vaccinated with B1 and Lasota vaccines at 10 and 20 days of age, respectively.
Serum samples were collected in order to assay the levels of IgA and certain cytokines, including IL4, IFN-a, and IFN-y, as well as
antibody titers to NDV by HI and ELISA methods. Results: No significant difference (P>0.05) was observed in serum IgA and IFN-a
levels among the groups. However, concentrations of IFN-y and IL-4 in 42-day-old chicks in group A were significantly (P<0.05)
higher than in both other groups. After 15 days of the second vaccination, the mean HI titer following NDV was significantly higher
in group A than group C. Groups B and C showed significantly lower HI titer than group A after 22 days of the second vaccination.
Mean ELISA titer to NDV was significantly (P<0.05) higher in group A than in groups B and C after 22 days of the second
vaccination. Conclusion: It seems that the spraying of 107 CFU/ml/day of EcN on quail diets enhances the immune response to NDV

vaccines by increasing serum levels of IFN-y and IL-4.
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Introduction

Newcastle disease (ND) is a viral disease caused by
virulent strains of avian avulavirus 1. The disease is
associated with adverse effects on economy of both
poultry industry and backyard poultry around the world.
Vaccination is one of the main methods of preventing
ND. Development of the immune responses to ND
vaccines will help to better control the disease (Suarez et
al., 2020).

Gut microbiota have a crucial role in the development
of innate and adaptive immune responses (Pan and Yu,
2014). In this regard, it is believed that there are
extensive interactions between the intestinal microbiota
community and the innate immune response and,
indirectly, the adaptive immune response (Pan and Yu,
2014). Manipulation of the gut microbiota community in
the early life of chicken affects the expression of some
cytokine genes, such as IL-4 and IFN-y (Corthay, 2006),

which may subsequently enhance antibody and cell-
mediated immune responses (Pan and Yu, 2014).

Probiotics regulate the immune response by
modifying the composition of the intestinal microflora
and, subsequently, through microbial metabolites,
regulation of gene expression and signaling pathways in
the host cells, especially if administered through food in
the early days of age (Galdeano et al., 2019). Indeed,
probiotic bacteria adhere to intestinal epithelial cells
through toll-like receptors (TLR) and trigger signals that
stimulate local and systemic immune responses
(Galdeano et al., 2019). Growing evidence demonstrated
that the administration of five species of Lactobacillus
could increase the antibody titers against avian influenza
virus subtype HON2 (Yitbarek et al., 2019).

Escherichia coli strain Nissle 1917 (EcN) is a
common probiotic isolated from human feces by Alfred
Nissle (Sonnenborn, 2016). Previous studies in mammals
have shown that the probiotic EcN is involved in
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modulating the immune system by enhancing immune
responses (Hu et al., 2020; Ukena et al., 2005).
Moreover, EcN regulates the expression of
proinflammatory genes and proteins in human and mouse
intestinal epithelial cells (Ukena et al., 2005). In poultry,
a study showed that EcN enhanced the maturation of the
gastrointestinal tract of young turkeys (Moyle et al.,
2012). Meanwhile, in an in-vitro study, EcN was able to
inhibit many of the pathological effects of Clostridium
perfringens (Jiang et al., 2014), and modified EcN could
also reduce the amount of Salmonella enterica in turkey
intestines by expressing and secreting antimicrobial
peptides (Forkus et al., 2017). Another study indicated
that oral administration of EcN can improve the weight
gain and immune responses of poultry in challenges with
Campylobacter jejuni (Helmy et al., 2022). To date, the
effect of EcN on the immune systems and immune
responses to commercial vaccines in poultry has not been
studied. Therefore, the current study was conducted to
evaluate the effects of Escherichia coli strain Nissle
1917 on immune responses to Newcastle disease
vaccines in Japanese quails (Coturnix japonica).

Materials and Methods

Culture of E. coli strain Nissle 1917

EcN procured from the Pharma-Zentrale Company
(Herdecke, Germany) was cultured on a nutrient agar
medium and incubated at 37°C for 24 h. After overnight
incubation with shaking, probiotic EcN cells were
centrifuged for 15 min at 2500 g, then suspended in PBS,
and finally adjusted to different concentrations (0, 109,
and 107 CFU/ml). The process was repeated weekly.
Bacterial suspensions were kept refrigerated during the
week. After batch preparation, the viability of probiotic
cells in each group was determined to be over 96% by
culturing on Luria-Bertani broth. The probiotic bacteria
were also amplified from the main stocks frozen at -80°C
to prevent genetic instability.

Experimental design

One hundred and fifty one-day-old Japanese quail
chicks from a breeder flock were randomly divided into
three groups of 50 per cage. To prevent the transmission
of EcN bacteria among groups, the quails were raised in
three separate rooms with the same conditions. Groups A
and B, respectively, received 1 ml/day of EcN bacteria
using concentrations of 107 and 105 CFU/ml sprayed on
their diet, from one day of age to the end of the study
(Al-Khalaifa et al., 2019). The bacterial suspensions
were sprayed on one-third of the daily feed of the groups

Table 1: Experimental design of the study

every morning. Then, the food was provided to the birds
in a feeder that had enough space for simultaneous
access to the food. Group C, as a control group, received
1 ml of PBS instead of the bacteria as described above.
The quails in all three groups were vaccinated with two
commercial ND live vaccines, B1 (HIPRAVIAR® B1),
which contains NDV B1 strain >10%° EIDs¢/dose, and
LaSota (CEVAC® NEW L), which contains NDV La
Sota strain >10°° EIDs¢/dose, by the eye-drop
administration, at 10 and 20 days of age, respectively.
Blood samples were taken from quails at 7, 14, 21, 28,
35, and 42 days of age for serological evaluations. At
seven days of age, blood samples were taken from five
chicks in each group. In the following weeks, 20 quails
in each group were bled using a brachial vein. Serum
samples were used to determine the amount of IgA and
some cytokines, including IFN-a, IFN-y (on days 7 and
42), and IL4 (only on day 42), by ELISA method, and
antibody titers to Newcastle disease virus (NDV) using
HI and ELISA methods for all sampling days (Table 1).

Determination of antibody titers to NDV by
ELISA

Antibody titers of IgA against NDV were assayed
using ELISA kits (IDDEX, USA) according to the
manufacturer’s instructions.

Determination of serum IgA, IFN-a, IFN-y, and
IL-4 levels by ELISA

Interleukin-4 (IL-4), IFN-a, and IFN-y concentrations
were determined using respectively, Chicken IL-4,
chicken IFN-a, and chicken IFN-y ELISA Kits (Cusabio,
USA) as described in manufacturer’s instructions. Also,
an indirect ELISA was performed to quantify IgA using
the commercial chicken IgA ELISA quantification set
(Cusabio, USA) according to the manufacturer’s
instructions.

Determination of antibody titers to NDV by HI

HI test was performed based on the World
Organization for Animal Health (OIE) Terrestrial
Manual (Chapter 3.3.14), (Afonso et al., 2018).

Statistical analysis

The results were expressed as means + standard error
of the mean (SEM), and all data were statistically
analyzed by one-way analysis of variance using SPSS
version 22.0 software for Windows (SPSS Inc., Chicago,
IL). Differences between the groups were tested by the
Tukey’s multiple comparison test, and differences were
considered significant at P<0.05.

Bacteria received (1 ml/day)

Vaccination schedule to NDV/day-old

Experimental groups Quails/group Blood sampling/day-old
CFU/ml B1 Lasota

A 50 107 10 20 7,14, 21, 28, 35,42

B 50 10° 10 20 7,14, 21, 28, 35,42

C 50 0 10 20 7, 14,21, 28, 35,42
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Results

Serum IgA concentration

At 7 days of age, IgA levels were slightly higher in
the serum of birds in group B in comparison with the
other groups (P>0.05). At 42 days of age, the blood of
birds in group A had the highest mean IgA level. But,
there was no remarkable difference when compared with
the other groups (Table 2).

Table 2: Serum IgA concentrations (ng/ml) (mean+SEM) of
the three groups of Japanese quails

Serum IgA concentration

Group

Age (day)
7 42
A 2105+250.5 7273+1444
B 2199+260.2 5881+576.1
C 19574351.9 5540+406.5

Group A received 1 ml/day of 107 CFU/ml of E. coli strain
Nissle 1917 bacteria, group B received 1 ml/day of 10° CFU/ml
of E. coli strain Nissle 1917 bacteria daily, and group C as a
control group received 1 ml of PBS. No significant difference
was observed among the groups

IFN-a and IFN-y levels in serum

At 7 days of age, the concentration of IFN-a was
higher in group B compared to the other two groups, but
there was no significant difference among the groups
(P>0.05). At 42 days of age, the concentration of IFN-a
followed the order of A>B>C. However, there was no
considerable difference among the groups (P>0.05)
(Table 3).

There was no significant statistical difference in IFN-
y concentration among the different groups studied at 7
days of age (P>0.05). But, at 42 days of age, there was a

notable difference between group A and group B, and
also group A and group C, with group A having the
highest concentration (P<0.05) (Table 3).

IL-4 levels in serum

At 42 days of age, chicks in group A had the highest
concentration of IL-4, and there was a significant
difference between group A and group B, and also
between group A and group C (P<0.05) (Table 3).

Antibody titers to NDV by HI

After vaccination, the mean antibody titers against
the hemagglutinin antigen of NDV increased in all
groups, especially in the group that received the high
dose of bacteria. Up to 28 days of age, there was no
statistically significant difference among the groups. But,
at 35 days of age, a significant difference was observed
between group A (the group that received the high dose
of bacteria), and group C (the control group) (P=0.033).
At 42 days of age, there was a considerable difference
between group A and group B, and also between group A
and group C (P<0.05), while the mean antibody titers
were statistically similar in the control group and the
group that received the low dose of bacteria (Table 4).

Antibody titers to NDV by ELISA

Although antibodies against all NDV proteins were
higher in the treatment groups, particularly the group that
received the higher dose of bacteria than in the control
group, from 7 to 35 days of age, there was no statistically
significant difference among them. At 42 days of age,
however, there was a notable difference between group
A and group B, and also between group A and group C
(P<0.05), (Table 5).

Table 3: Serum IFN-a, IFN-y, and IL-4 concentrations (pg/ml) (mean+SEM) of the three groups of Japanese quails

IFN-a concentration

IFN-y concentration IL-4 concentration

Group

Age (day)
7 42 7 42 42
A 19.34+2.88% 38.66+2.15 41.55+7.72¢ 259.23+50.91° 214.87+27.6b
B 20.63+3.03° 37.74+1.00 35.4048.43¢ 123.59+26.55¢ 117.1947.892
C 19.6042.79° 34.97+1.77° 29.39+6.96° 117.36221.042 66.54+4.53¢

Group A received 1 ml/day of 107 CFU/ml of E. coli strain Nissle 1917 bacteria, group B received 1 ml/day of 10° CFU/ml of E. coli
strain Nissle 1917 bacteria daily, and group C, as a control group, received 1 ml of PBS. * ® Different superscripts within each

column show significant differences among groups (P<0.05)

Table 4: HI titers (log2) to Newcastle disease virus (NDV) (mean+SEM) of the three groups of Japanese quails

HI titers to NDV (days-old)

Group

7 14 21 28 35 42
A 1.77+0.22* 2.66+0.332 4.33+0.29* 5.88+0.51* 6.89+0.20° 7.44+0.30°
B 1.55+0.24* 2.44+0.29* 4.00£0.37% 5.55+0.44* 5.88+0.35% 6.11+0.35*
C 1.7740.22* 2.3340.292 3.66+0.242 4.88+0.39° 5.44+0.50* 6.11+0.35%

Group A received 1 ml/day of 107 CFU/ml of E. coli strain Nissle 1917 bacteria, group B received 1 ml/day of 10° CFU/ml of E. coli
strain Nissle 1917 bacteria daily, and group C, as a control group, received 1 ml of PBS. ® Different superscripts within each

column show significant differences among groups (P<0.05)
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Table 5: Serum antibody titer assayed by ELISA test (mean+SEM) in the three groups of Japanese quails

Antibody titers to all NDV proteins (days-old)

Group

7 14 21 28 35 42
A 769+165* 1501+2242 1888+215% 22894952 2442+190* 3073+85°
B 584+157* 13172012 1778£167* 1808+179° 21771372 2199+166*
C 406£136* 9974208 1318£178* 1784+225° 18594251 1913£193®

Group A received 1 ml/day of 107 CFU/ml of E. coli strain Nissle 1917 bacteria, group B received 1 ml/day of 10° CFU/ml of E. coli
strain Nissle 1917 bacteria daily, and group C, as a control group, received 1 ml of PBS. Different superscripts within each column

show significant differences among groups (P<0.05)
Discussion

In this study, we investigated the effects of probiotic
EcN on immune responses to live NDV vaccines in
Japanese quails. Interestingly, the present results
demonstrate that adding EcN probiotics to the quails’
feed improves humoral response to the live NDV
vaccines, strains B1 and LaSota. This improvement was
associated with an increase in the HI and ELISA titers to
NDV. It seems that oral administration of probiotic ECN
can contribute in immune regulation. In line with this
observation, alterations of some cytokines, including,
IFN-y, and IL-4, confirmed the present hypothesis.

Numerous studies have indicated that there is a
relationship between the administration of probiotics and
the regulation of IFN-y, and IL-4 levels. It is assumed
that the binding of bacterial products to TLR receptors at
the surface of innate immune system cells, including
natural killer and mast cells, activates them and leads to
the production of IFN-y and IL-4 (Corthay, 2006; Zhao
et al., 2021). Michael et al. (2021) revealed that EcN
enhances innate and adaptive immune responses in a
ciprofloxacin-treated defined-microbiota piglet model of
human rotavirus infection. It is assumed that the fatty
acid part of lipopolysaccharide (LPS) of EcN, which is
present in lipid A, binds to the CDI14/TLR4/MD-2
receptor on human blood monocytes; This complex leads
to extensive pro-inflammatory reactions, like the
expression of genes associated with cytokine activity and
the presence of antigens (Huang et al., 2006). Hu et al.
(2020) showed that EcN-outer membrane vesicles
(OMVy5s), such as LPS, peptidoglycan, and DNA activate
the expression of T helper cell type 2 (Th2)-polarizing
cytokines (IL-4) in RAW 264.7 macrophages. The
results of the present study determine that if proper
amounts of EcN (107 CFU/ml) are added daily to quail’s
diet, it can increase the production of IFN-y and IL-4
cytokines at 42 days of age. In general, the present
findings show that at 42 days of age, the levels of IFN-y
and IL-4 were higher in quails that received higher
number of bacteria. Importantly, these results indicate
that the amount of administered bacteria is effective in
the production and secretion of cytokines. Yan and Polk
(2011) reported that the amount of probiotics is
important for their beneficial effects.

IFN-y and IL-4, act as bridges between innate and
acquired immunity (Corthay, 2006). These cytokines
help dendritic cells to produce IL-12, which is necessary
for the differentiation of naive T cells. Previous reports
have shown that the production of IFN-y and IL-4 is
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critical for the differentiation of naive T cells into Thl
and Th2 cells, respectively (Yan and Polk, 2011); Thl
and Th2 cells lead to a cell-mediated and humoral
immune response, respectively. IL-4 also enhances
humoral immune responses by switching B cells to IgG1
(Luzina et al., 2012). In addition, it has been previously
shown that the lipopeptides and LPS of EcN-conditioned
medium bind to TLR2 and TLR4, respectively, which
leads to increased nuclear factor kappa B (NF-kB)
activity (Grabig et al., 2006), which in turn, controls the
processes of differentiation and maturation of B cells
(Barnabei et al., 2021). Both cellular and humoral
immunity play important roles in the development of
immunity against NDV (Suarez et al., 2020). In the
current study, although the effect of EcN on cellular
immune system response against the ND vaccines was
not studied, group A, which received the high dose of
probiotic EcN bacteria, showed the highest level of IFN-
v at 42 days of age, which may enhance cell-mediated
immunity (Corthay, 2006) by Thl response to the live
NDV vaccines. The results also indicate that the group
that received the highest dose of EcN produced the
highest titer of neutralizing antibody (HI) to NDV.
Moreover, ELISA titer to NDV antigens showed a
significant increase in group A, which may be related to
the administration of the probiotic EcN. Therefore, it can
be concluded that adding EcN probiotic to the feed in
sufficient quantities, will significantly increase the
antibody titers to NDV antigens possibly by the
mechanisms mentioned above.

Type 1 interferons of birds, including IFN-a, are
similar in activity, structure, and evolution to their
mammalian counterparts (Santhakumar et al., 2017). In
this regard, a previous study showed that oral
administration of EcN reduces the IFN-a level
(Manzhalii et al., 2016). Another study focusing on the
effect of EcN on the prevention of human rotavirus in
pigs showed that this probiotic induces the production of
IFN-a (Vlasova et al., 2016). However, in the current
study, EcN administration did not increase IFN-a level.
In mouse dendritic cells and human peripheral blood
mononuclear cells, bacterial transfer RNA (tRNA)
induces IFN type I; however, Jockel ef al. (2012) showed
that EcN tRNA could not induce IFN type I, because
tRNA of EcN is non-immunostimulatory. The increase in
IFN-a levels at 42 days of age in the three groups of the
present study appears to be due to vaccination with the
B1 and Lasota vaccines. There are studies that show
IFN-a is produced and secreted in poultry mainly against
viruses that cause Marek disease, infectious bursal
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disease, infectious bronchitis, and avian influenza
disease (Santhakumar er al., 2017). Another study
reports that NDV infection induces the production of
IFN-a and velogenic strains increase interferon levels
more rapidly than lentogenic strains (Liu et al., 2012).
Consistently, Liu et al. (2012) reported that the LaSota
strain, which is a lentogenic strain, gradually increases
the level of IFN-o mRNA expression in the peripheral
blood of chickens.

There is a hypothesis that mammalian IgA is
homologous with avian IgA (Carlander et al., 1999).
Human IgA has both inflammatory and anti-
inflammatory activities. Serum IgA binds to Fcareceptor
I (FcaRI) expressed by myeloid cells and induces pro-
inflammatory responses, such as the release of cytokines
and chemokines (Hansen et al., 2019). But, the most
important role of serum IgA is anti-inflammatory activity
(Monteiro, 2014). Additionally, IgA has a passive
protective role through immune exclusion (Breedveld
and Van Egmond, 2019); the IgA FcaRI may stimulate
inhibitory signals to a set of active receptors and may
reduce IgG-FcR-mediated signaling (Monteiro, 2014).
Various reports exist on the role of probiotics in
increasing the IgA concentration in the blood
(Karamzadeh-Dehaghani er al., 2021; Lin et al., 2021;
Takeuchi and Ohno, 2022). For instance, in humans, the
probiotic Lactobacillus johnsonii Lal has been shown to
increase serum IgA by 10% (Wold, 2001); Although,
another report has stated that other probiotic strains or
yogurt products have no appreciable effect on serum IgA
(Wold, 2001). In the current study, EcN was not able to
significantly increase IgA, which is consistent with the
previous report. Although, in group A, which received
higher number of EcN bacteria than group B, the IgA
concentration increased slightly at the age of 42 days.

In conclusion, it seems that spraying 10’ CFU/ml/day
of E. coli strain Nissle 1917 bacteria on quail diets, from
the first day of rearing to 42 days of age, in particular,
increases serum levels of IFN-y and IL-4, which may
lead to enhancement of the immune response to the NDV
live vaccines.
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